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Abstract

Objective: There is growing evidence that anemic patients suffer more severe strokes. We evaluated
the relationship between anemia and stroke severity in our patient population.

Methods: This descriptive cross-sectional study was carried out over six months in Dow University
Hospital which is a tertiary care hospital in Karachi. Patients admitted with acute ischemic stroke,
with symptoms duration of up to 72 hours and age more than 20 and less than 80 years were re-
cruited. Patients were divided into two categories, anemic and non-anemic. The stroke severity was
classified according to the National Institute of Health Stroke Scores (NIHSS) into three categories,
i.e. mild, moderate, and severe. The demographic details, NIHSS scores at admission, symptom du-
ration, and hemoglobin concentration were entered into spreadsheets and later transferred to SPSS
software for statistical analyses.

Results: A total of 104 patients were recruited after applying inclusion and exclusion criteria, out of
which 55 patients were anemic. The mean age was 54.6 (+13) years. The mean hemoglobin concen-
tration was 10 (¥2) g/dl among anemic patients while in non-anemic patients it was 13.9 (+1.2) g/dl.
Anemic stroke patients were more likely to have severe strokes, compared to non-anemic patients 41
(74.5%) vs 18 (36.7%), P-value = 0.001. The mean NIHSS was higher in anemic compared to non-
anemic stroke patients 18.3 (£6.7) vs 13.5 (¥6.6), P-value <.001, (95 % CI, 2.2, 7.3). Patients with se-
vere anemia had higher stroke severity but did not reach statistical significance (11/13,84.6% vs 48/
91, 52.7%, P-value =.082).

Conclusion: Ischemic stroke patients with anemia have more severe strokes when compared to non-
anemic patients. The level of hemoglobin may also be associated with stroke severity. These find-
ings should be evaluated by more studies in stroke patients.
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Introduction

Stroke is due to disturbance in the blood sup-
ply to the brain resulting in loss of brain function .
The number of strokes is increasing worldwide 2.
The incidence of stroke is higher in Asia than in
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in Western countries 3. Men are more prone to de-
velop ischemic stroke than women. In about 30% of
the cases, the cause remains unknown, especially
in young adults. Stroke may be either due to is-
chemia or hemorrhage. It is the major cause of dis-
ability all over the world leading to a big financial
burden on caregivers and society 4. Stroke can lead
to many disabilities including sensory, motor, lan-
guage, visual, and cognitive functions. Stroke af-
fects the quality of life and causes a burden to
society and family. Risk factors leading to stroke
are diabetes mellitus, dyslipidemia, hypertension,
smoking, obesity, sedentary lifestyle, and increasing
age.
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The severity of stroke on neurological examina-
tion is the most important factor, which affects
functional outcomes in stroke patients. Generally,
large strokes with severe initial clinical deficits have
poor outcomes compared with smaller strokes. Dif-
ferent clinical scales measure neurological impair-
ment, which is now being increasingly used for
research studies and in clinical practice. The most
commonly used scale is the National Institute of
Health Stroke Scale (NIHSS). NIHSS measures
neurological impairment using a 15-item scale,
which includes the level of consciousness, gaze de-
viations, visual field analysis, facial palsy, motor
arm, and leg weakness individually for all four
limbs, limb ataxia, sensory loss, language assess-
ment, dysarthria, extinction and inattention. NIHSS
scores range from 0 to 42. An NIHSS score of<6
predicts a good recovery (able to live indepen-
dently), while a score >16 was associated with a
high probability of death or severe disability. Hence
higher NIHSS scores indicate more severe strokes
which are associated with higher morbidity and
mortality. In third-world countries like Pakistan, it is
important to know the factors that may play a role
in increasing stroke severity, as more severe
strokes are a major cause of disability in the com-
munity.

Anemia is the most common disorder of the
blood worldwide. According to WHO, anemia is de-
fined as hemoglobin concentration less than 13 g/dI
in men and less than 12 g/dl in women 5. Approxi-
mately one-fourth of the world’s population is af-
fected by it. It is a common and major health
problem in the elderly with its prevalence increasing
with advanced age ©. It is common in developing
countries of Africa and South Asia and according to
WHO, Pakistan is one of them’. It could be be-
cause of poor dietary intake due to poverty &. Blood
loss, inadequate production, and increased break-
down of RBCs may also contribute °. Iron defi-
ciency anemia is the most common cause of
anemia. There are ways of classification of anemia.
Anemia is classified according to mean corpuscular
volume (MCV) into microcytic, normocytic, and
macrocytic anemia. The causes of microcytic ane-

mia are iron deficiency anemia, thalassemia, zinc
deficiency, and lead toxicity. Causes of normocytic
anemia are renal diseases and mixed deficiency.
Macrocytic anemia may be megaloblastic or non-
megaloblastic. Vitamin B12 deficiency, folate defi-
ciency, and DNA synthesis inhibitors cause
megaloblastic anemia. Aplastic anemia, liver dis-
eases, hypothyroidism, and myelodysplasia cause
non-megaloblastic macrocytic anemia.

It is also important to note that both stroke
and anemia are major health problems in Pakistan
0. There is growing evidence that anemia may be
associated with more severe strokes. Hence, the
objective of this study was to assess the relation-
ship between anemia and stroke severity in Paki-
stani stroke patients. The rationale of this study is
to validate the relationship between anemia and
stroke severity. Such studies may provide ground-
work for future studies examining innovative thera-
pies in stroke.

Methodology

This study was conducted in Dow University
Hospital Karachi. This was a descriptive cross-sec-
tional study. The sample size was 104 8 which was
calculated by using pass version 11, chi-square test
for association of anemia with the severity of the
stroke, 99% confidence interval 95% power of the
test, and effect size of 0.446 with 2 degrees of
freedom. The effect size was calculated using a
cross table between anemia and stroke severity.

Consecutive patients with acute ischemic
stroke, with symptoms duration of up to 72 hours
and age between 20 and 80 years admitted over six
months (15t July 2022, until 315t Dec 2022), were
evaluated. Acute ischemic stroke was diagnosed
when there was a sudden onset, persistent neuro-
logical deficit, and the brain imaging was consistent
with cerebral ischemic changes in an arterial distri-
bution, corresponding to the clinical deficit. The
brain imaging criteria for acute ischemic stroke was
Computed Tomography of the brain showing hypo-
dense areas (early ischemic changes) and absence
of hemorrhage. Magnetic Resonance Imaging shows
an intense lesion on Diffusion-Weighted Imaging,
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Apparent Diffusion Coefficient showing hypo inten-
sity, with Fluid Inversion Recovery images showing
hyperintensity in the same areas). Patients with
cognitive impairment, those more than 80 years
old, Transient Ischemic Attack (TIA), those who did
not fulfill the diagnostic criteria including brain imag-
ing criteria mentioned above, and stroke mimics
were excluded. The patients were then recruited, af-
ter getting informed consent. Their demographic de-
tails, NIHSS scores at admission, symptom
duration, and hemoglobin concentration were en-
tered in spreadsheets. The data thus entered was
transferred to SPSS software and statistical analy-
ses were performed. Patients were divided into two
categories, anemic and non-anemic. The Stroke se-
verity according to NIHSS was divided into three
categories. Mild for NIHSS of <6, moderate for
NIHSS of 6 to 15, and severe for NIHSS of >15. For
nominal data like gender, age categories, anemia,
and arterial territory involved, the Chi-square test
was applied. For numerical data including, hemo-
globin concentration, NIHSS scores, and age,
means were compared using independent samples
T-test. A P-value of less than 0.05 was considered
statistically significant.

Results

In total, 104 patients were recruited. They were
more than 20 years of age having ischemic stroke
and presented within 72 hours of symptom onset.
The mean age was 54.6 (+13) years. There were 44
(42.3%) females and 60 (57.7%) males. When di-
vided among different age categories, there were 17
(16.3%), patients with ages less than 40 years, 39
(37.5%) were between 40 and 60 years, and 48
(46.2%) were 60 and above. There were 82 (78.8%)
patients with anterior circulation infarction, while the
rest had posterior circulation ischemic strokes. The
median duration of symptoms was 10 (min-max
range of 1-72) hours, with a mean of 17.7 (x19.5)
hours. There were 20 (19%) patients who came
within 3 hours, 43 (41%) came within the first 6
hours (23 between 3 to 6 hours), and 88 (85%) pa-
tients came within 24 hours (45 between 6 to 24
hours). The mean hemoglobin concentration for the
whole sample was 11.8(+ 2.6) g/dl. The mean NIH-

SS score for all the patients was 16.1 (£7). There
were 10 (9.6%) patients with minor stroke, 35
(33.7%) had moderate strokes, while the rest 59
(56.7%) had severe strokes. Anemia as defined by
WHO was found in 55 (52.9%) patients. In patients
with anemia, the mean hemoglobin concentration
was 10 (£2) gm/dl while in non-anemic patients it
was 13.9 (x1.2) g/dl. There was no difference be-
tween males and females and mean age among
anemic and non-anemic patients (Table 1). The
mean NIHSS in anemic patients was 18.3 (+ 6.7),
while that in non-anemic patients, was 13.5 (+6.6),
(P-value < .001, Cl; 2.2, 7.4) as shown in table 1.

Anemic patients with severe strokes were 41
(74.5%), while there were only 3 (5.4%) and 11
(20%) patients who had mild and moderate strokes
in this group respectively (P<.001) as shown in
Table 2. In the non-anemic category, there were 8
(16.3%), 23 (47%), and 18 (36.7%) patients with
mild, moderate and severe strokes respectively
(Table 2). When the stroke severity was analyzed in
different age categories, no significant associations
were observed (table 2). Patients with hemoglobin of
less than 8 gm/dl had more severe strokes 11/13
(84.6%) vs those above 8 gm/dl, 48/91 (52.7%),
however, this difference could not achieve statistical
significance (table 2). No significance in stroke se-
verity was found when patients were divided accord-
ing to their age, sex, and vascular territory involved
(table 2).

Table 1. Differences between Anemic and Non-anemic
Stroke Patients

Anemic Non- anemic P-value 95% CI
(55)n(%) (49)n(%)

Age 553 +14 538+ 117 0.55 -3.5,6.5
Sex

Female (44) 23 (52.3) 21 (47.7)

Male (60) 32 (53.3) 28 (46.7) 0.536

Territory

Anterior 42 (51.2) 40 (48.8)

circulation (82)

Posterior 13 (59) 9 (41) 0.340

circulation (22)

Hb (mean) 10+2g/dL 13.9+1.2¢g/Dl <0.0001 -45,-3.2
NIHSS 183+6.7 13.5+6.6 <0.0001 22,73
(mean)
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Table 2. Differences between Different Categories of Stroke Severity

Minor stroke Moderate stroke Severe stroke P-value
N=10n(%) N=35n(%) N=59n(%)
Sex
Females (44) 4(9) 15 (34) 25 (57)
Males (60) 7(11.7) 19 (31.7) 34 (56.6) 0.903
Anemic (55) 3(5) 11 (20) 41 (74.5)
Non- anemic (49) 8 (16.3) 23 (47) 18 (36.7) 0.001
Hb level 0.082
Above 8 (91) 10 (10.9) 33 (36.3) 48 (52.7)
8 and less (13) 1(7.6) 1(7.6) 11 (84.6) 0.082
Age category
20 to 39 (17) 3(17.6) 3(17.6) 11 (64.7)
40 to 59 (39) 3(7.6) 14 (35.8) 22 (56.4)
60 and above (48) 4 (8.3) 18 (37.5) 26 (54.2) 0.528
Territory/circulation
Anterior (82) 9 (1) 26 (31.7) 47 (57.3)
Posterior (22) 2(9) 8 (36.3) 12 (54.5) 0.906
Discussion nal stroke outcomes'®'415_ |n addition, there may

Our study has shown that stroke patients with
anemia are more likely to have severe strokes with
higher National Institute of Health Stroke Scale
(NIHSS) scores. Furthermore, we also found a trend
in our sample that those with more severe anemia
also seem to have more severe strokes, however,
this association could not reach statistical signifi-
cance. Interestingly we also found out that stroke
severity had no relationship with the vascular terri-
tory, age category, and gender. The only character-
istic, among those measured in this study that had
a significant relationship with stroke severity is the
presence of anemia. A higher NIHSS score or
stroke severity is a bad prognostic factor and is
known to be associated with worse outcomes and
increased mortality'"'2. Hence our study adds to
the growing evidence that anemia hurts stroke pa-
tients in terms of stroke severity and outcome, as
described below.

Anemia is detrimental in various studies on is-
chemic stroke. It has been regarded as a predictor
of mortality and severity of stroke and also as a po-
tential cardiovascular risk factor. There are many
potential mechanisms by which anemia can nega-
tively impact stroke severity and outcome. Anemia
results in decreased oxygen-carrying capacity of
the blood, which might be the reason for the in-
creased severity of stroke resulting in poor functio-

be a direct effect of anemia on functional disabil-
ity'®. Reduced hemoglobin concentration hurts the
ischemic penumbra in patients with ischemic stroke
by causing decreased delivery of oxygen to neu-
ronal tissue resulting in expansion of infarct. In-
creased secretion of erythropoietin secondary to
anemia can result in reactive thrombocytosis hence
hypercoagulable state'”. Recent studies show that
anemia is a predictor of death after stroke 8.

There have been many clinical studies that
have shown the adverse effect of anemia/low hemo-
globin concentration on ischemic stroke. Tanne et
al, showed that anemia in stroke patients predicted
poor functional outcomes, as assessed by
Barthel's index. They also showed that the risk of
death increased at both extremes of hemoglobin
concentration '°. Chang et al. measured stroke se-
verity and disability by various scales (including
NIHSS, Modified Rankin Scale (MRS), and
Barthel’s Index), and found that in the South Asian
population in early acute ischemic stroke, anemia
is an independent factor of poor functional disabil-
ity'>. Lasek et al. showed that NIHSS within 24
hours of stroke and the site of cerebral ischemia
are independent determinants of poor prognosis in
anemic patients in short-term follow-up. They also
reported that mild anemia did not have a significant
impact on the neurological condition in acute stroke
but hurt functional status in subacute stroke?°. Few
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studies have also shown that anemia can cause in-
creased mortality and stroke recurrence. Chang JY
et al showed that hemoglobin concentration influ-
enced stroke recurrence and other vascular
events?',

A meta-analysis of 13 cohort studies by Li et
al, published in 2016, found that in patients with
stroke, the mortality rate is increased if they are
anemic '®. Barlas et al. analyzed data from a co-
hort of 8013 stroke patients consecutively admitted
over 11 years (January 2003 to May 2015) using a
UK Regional Stroke Register. They reported strong
evidence which suggested that anemic patients
have increased mortality with stroke?2.

Interestingly anemia has been shown to hurt
the outcome of stroke patients also receiving repe-
rfusion therapies (intravenous alteplase and me-
chanical thrombectomy). Cerebral collaterals and
penumbra are negatively affected by anemia. Alter-
berger et al. have shown that anemia on admission
causes poor outcomes and increases mortality
strongly and independently in stroke patients
treated with intravenous thrombolysis?3. According
to Akpinar et al, poor functional outcome is noted
only in moderate to severe anemic patients. In ac-
ute stroke patients treated with mechanical thr-
ombectomy, the negative impact of moderate to se-
vere anemia should be kept in mind by clinicians in
the clinical course of illness’®.

While realizing the fact that anemia is an im-
portant health problem in a third-world country like
Pakistan, whereas stroke is also a major cause of
disability and death, the relationship between these
two ailments needs to be addressed. More studies
are needed to confirm their relationship. It might
also be interesting to look for potential beneficial ef-
fects of anemia correction on the outcome, espe-
cially in the context of hyperacute stroke reperf-
usion and management.

Our study has its limitations. We did not as-
sess the cause of anemia, so it may be difficult to
postulate the underlying pathophysiology. Our sam-
ple size was also small; hence the generalizability
of our findings needs to be verified on a larger
sample.

Conclusion

Anemia seems to be an important factor that
hurts stroke severity. It may also be considered
while determining prognosis. More studies are
needed to verify the effect of anemia on ischemic
stroke and the role of its correction in the outcome
of stroke patients.
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