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Abstract

Background: Stroke remains one of the most devastating neurological diseases, often causing death, or gross
physical impairment. Vitamin D deficiency has been reported to contribute to the risk of cardiovascular
disease especially stroke. Thus, our study was designed to examine the relationship between serum 25 (OH) D
levels and outcomes after stroke either ischemic or hemorrhagic.

Methods: Fifty patients with first—ever acute stroke (25 patients with intracerebal hemorrhage and 25
patients with ischemic infarction). All participants were subjected to full clinical and neurological
examination. Brain imaging was performed. Blood samples were drawn for assessment of serum 25-
hydroxyvitamin D and parathormone.

Results: The Majority (84% and 76% respectively) of our studied patients with acute stroke had insufficient
levels of vitamin D (< 50 nmol/L ) with more reduction in patients with acute ischemic infarction than
hemorrhagic cases (28.72 + 22.45 versus 38.49 + 24.68 in group | and group Il respectively), but with no
statistical significance differences between both groups. There was an association between vitamin D levels,
severity of stroke and functional outcome in patients with intracerebral hemorrhage but not in patients with
ischemic stroke. In dead patients with intracerebal hemorrhage, an insufficient median vitamin D level was
noticeable.

Conclusion: Vitamin D insufficiency may bear an association with acute stroke and its prevalent risk factors
with a highest association between low 25(OH)D levels and risk of incident hemorrhagic strokeamong people
in Upper Egypt.

Keywords: Acute stroke, Scandinavian Stroke Scale (SSS), Modified Rankin Scale (mRS), Serum 25-
hydroxyvitamin D, Parathormone (PTH).

Introduction

The classic role of vitamin D as a regulator of
calcium level that affects bone, neuron, and
muscle functions has been recently extended by
reports that show that vitamin D deficiency might
be involved in the development several diseases,
including hypertension, diabetes mellitus and
heart failure’. Vitamin D has pleiotropic effects

that may favorably influence cardiovascular health
through multiple mechanisms including down
regulation of renin-angiotensin system, enhance-
ment in insulin secretion and insulin sensitivity,
protection against angiogenesis and modulation of
inflammatory processes®. Accumulating evidence
suggests that vitamin D deficiency is associated
with increased risk of stroke. Contributing
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mechanisms have been linked to the association of
vitamin D deficiency with the presence of
hypertension, diabetes mellitus, atherosclerosis,
thrombosis and inflammation, however, the
evidence is conflicting *°. Hence, it was
interesting to explore the association between the
vitamin D deficiency with increased risk of stroke
by the possible explanations like the vascular
effects of vitamin D deficiency, that includes
modulation of smooth muscle cell proliferation’, a
potential interaction between vitamin D deficiency
and hypertension®, inflammation® , thrombosis™.
Also, the scientific facts that vitamin D deficiency
triggers secondary hyperparathyroidism which
promotes  myocyte  hypertrophy,  vascular
remodeling and has proinflammatory effects®.

Furthermore, Vitamin D may play a role in
neuroprotection, perhaps through detoxification
pathways, inhibition of inducible nitric oxide
synthase, antioxidation/anti-inflammatory
mechanisms, neuronal calcium regulation or
enhanced nerve conduction'!. Pilz etal' and
Witham et.al.*? stated that 25(OH) D can crosses
the blood brain barrier, therefore, it has been
suggested that vitamin D receptors (VDR)
activation may exert some neuroprotective effects
that may be beneficial in stroke patients. Thus,
high dose oral vitamin D supplementation
produced short-term improvement in endothelial
function in stroke patients. Data from a
population-based study showed that elderly
persons with a low intake of vitamin D and low
serum concentrations of 1, 25 (OH)2D were at
increased risk for future strokes even after
adjustment for age, sex, smoking and functional
capacity. In the present study, the primary
outcome was the relation of Vit D level and the
outcome after stroke either ischemic or
hemorrhagic in the general population from Upper
Egypt. The secondary outcomes were the
association of Vit Dand parathormone level with
stroke severity, stroke risk factors and stroke

types.

Materials and Methods

Participants

This observational prospective study was
conducted on fifty patients with first —ever acute
onset stroke within seven days (25 patients with
intracerebral hemorrhage and 25 patients with
ischemic infarction; their ages ranged 20 — 87
years old. Patients were eligible for inclusion if
they were admitted to our units with acute stroke
with symptom onset within 24-48 hours which
was confirmed by brain imaging (either CT scan
and /or MRI brain). We excluded patients with
brain neoplasm, history of previous stroke, hepatic
and renal impairment, endocrinal diseases,
vitamin D or Ca supplementation, previous
fractures, steroid therapy, malignancy and bone
diseases. The study has been approved by the
ethical committee of Faculties of Medicine, Assiut
University and Aswan University and a written
informed consent was obtained from each
participant  relatives. All participants were
subjected to thorough history taking and full
clinical examination. Complete neurological
examination where the following clinical and
demographical data were taken; age sex, presence
of stroke risk factors (as smoking, history of
hypertension, history of  transient ischemic
attacks, diabetes mellitus, history of myocardial
infarction or any cardiac arrhythmia and
hyperlipidemia). _Stroke severity was assessed by
Scandinavian Stroke Scale (SSS) and functional
outcome was determined according to Modified
Rankin Scale (mRS) that was measured at the
time of admission. Brain imaging (either CT scan
and /or MRI) was performed at admission.
Electrocardiography (ECG), Echocardiography
(ECHO), Carotid and vertibrobasilar duplex were
done for all patients. 10 ml of venous blood was
collected from all studied patients; 2 ml in EDTA
tube for complete blood picture (has been done
on sysmex XP-300 cell counter) and 8 ml divided
on two plan tubes (for serum sample collection)
for routine and special parameter estimation ;
Serum collected samples had been left for
clotting. All serum samples were centrifuged at

Abeer A.Tony et al IMSCR Volume 05 Issue 03 March 2017

Page 18368




3000 rpm for 20 min after clotting. _Serum was
separated and divided into 3 divisions; one for
routine parameter estimation (random blood
glucose, renal and liver function tests, thyroid
function tests, lipid profile, calcium and
phosphorus), all parameters were done on fully
automated chemistry analyzer BT-3500 (Italy).
The other 2 divisions were freezed at — 20T for
later use for estimation of 1, 25-dihydroxy
Vitamin D and Parathormone (PTH) using a
Sandwich ELISA technique (Calbiotech Inc.
10461 Austin Dr, Spring Valley, CA). All blood
samples were collected on the first day of
admission and hemolyzed samples were excluded.

Statistical analysis

Data was computerized and analyzed using the
(SPSS 20.0 software, Chicago, IL, USA)
computer program. The normality of the data was
assessed by  Kolmogorov-Smirnov  test.
appropriate. Chi-square test and Fisher exact test
was used to compare between categorical
variables. Continuous variables were compared
by t-test (normally distributed data) and Mann-
Whitney (not normal distributed data). A two-
tailed p< 0.05 was considered statistically
significant. Data was presented as mean + SD,
median (range) or numbers and percentages when
appropriate. Chi-square test and Fisher exact test
was used to compare between categorical
variables. Continuous variables were compared
by t-test (normally distributed data) and Mann-
Whitney (not normal distributed data). A two-
tailed p < 0.05 was considered statistically
significant. The best cut-off was defined on the
basis of analysis of the ROC curves by identifying
the value of the biomarker that gave the best
combination of sensitivity and specificity, that is,
the value that maximized the sum of the
sensitivity and specificity. The ROC curve
analysis was performed using the MedCalc
software version 7.50 (Mariakerke, Belgium).

Results

The Dbaseline  demographic and clinical
characteristics of studied acute stroke patients are
shown in Table (1). No statistically significant
differences regarding the ages of patients and
gender were found between both studied groups.
However, there was less duration of onset of acute
stroke in patients of group Il (9.5+8.67 hours)
when compared to that of patients of group |
(18.9+£10.87 hours) with statistical significant
difference (p< 0.001). An unfavorable functional
outcome (100 %) was found in patients of group Il
with mRS score of 4.6£0.58 when compared to
that in group | (96%) with MRS score of
4.4+0.76. However, there was no significant
difference  between both studied groups.
Scandinavian Stroke Scale (SSS)was 25.3+14.9
versus 25.5+15.8 in group | and group Il
respectively. Modified Rankin scale was 4.4+0.76
in group | while it was 4.6+0.58 in group 1l. Both
scales showed in significant differences between
both groups (p >0.5). The number of deaths was
fairly equal in both groups with no statistically
significant difference. As regarding risk factors;
the highest proportion of smoking (40%), DM
(36%), Dyslipedemia (64%) and non valvular AF
(16%) were found among group | patients. While
hypertension (76%) and ischemic heart diseases
(24%) were found higher among group Il patients.
The abnormal findings in the carotid (68% in
group [ versus 24% in group II, with p < 0.001)
and vertibrobasilar duplex (24% in group | versus
4% in group 11, with p = 0.04) were recorded. The
most common abnormalities were carotid and
vertibrobasilar atherosclerosis. Carotid stenosis
was found 12% in group | and 8% in group II.
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Table 1: Basic clinical characteristics of studied patient groups.

Patients with Ischemic Stroke (Group Patients with intra cerebral
Parameters ) Hemorrhage stroke
z (Group 1)
(No =25) o P-Value
Mean +SD (No =25)
B Mean +SD
Age, years
(mean +SD) 60.56+9.89 61.32+12.86 0.816
Sex 11/14 14/11
(male/female) (%) (44% /56%) (56% / 44%) 0.572
Duration of stroke (Hours)
(mean +SD) 18.9+10.87 9.5+8.67 0.002
Affected side (%)
Right 9 (28%) 15 (60%) 061
Left 16 (72%) 10 (40%) '
Modified Rankin scale
(mRS) (mean+ SD) 4.4+0.76 4.6+£0.58 0.214
Scandinavian stroke scale
(SSS) (mean + SD ) 25.3114.9 25.5+15.8 0.964
Unfavorable outcome ( %) 24 (96%) 25 (100 %) 05
Number of deaths( %) 6 (24%) 6 (24%) 1.0
Blood pressure (mean + SD )
SBP (mm Hg) 144.8+17.34 159.2+14.8 0.003
DBP (mm Hg) 84.8+7.7 93.6+£10.5 '
Risk factors: (%)
Hypertension 16 (64%) 16 (64%) 1.0
Dyslipidemia 19 (76%) 16 (64%) 0.27
Diabetes Mellitus 9 (36%) 7 (28%) 0.76
Smoking 10 (40%) 8 (32%) 0.79
Ischemic heart disease 3 (12%) 6 (24%) 0.46
Atrial fibrillation 4 (16%) 3 (12%) 1.0
Carotid duplex
Normal (%) 8 (32%) 19 (76%) 0.001
Abnormal (%) 17 (68 %) 6 (24 %) '
Vertibrobasilar duplex
Normal (%) 19 (76%) 24 (96%) 0.04
Abnormal (%) 6 (24%) 1 (4%) '

*P-value < 0.05

The higher levels of lipid profile were found in
patients of group | when compared to that in
patient group Il but with no statistical significance
differences , While the highest levels of random
serum glucose and serum creatinine were found
in studied patient group Il but with no statistical
significance differences, Notably, the mean levels
of total protein, serum album , thyroid function
tests, serum total Ca and phosphorus were nearly
similar in both studied groups with no statistical
significance differences as shown in Table (2).
The Majority of our studied stroke patients had
insufficient levels of vitamin D (< 50 nmol/L )
with more reduction in patients with acute
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Table 2: Basic laboratory characteristics of studied patient groups.

Parameters Patients with ischemic | Patients with intra cerebral P-Value
Infarction (Group 1) hemorrhage (Group I1)
(No =25) (No =25)
Mean £SD Mean +SD

Vitamin D level (nmol) 28.72 £ 22.45 38.49 + 24.68 0.15
Vitamin D status

Sufficient(> 50 nmol/L) 4 (16%) 6 (24%) 0.36

Insufficient (<50nmol/L) 21 (84%) 19 (76%)
Parathormone hormone (i PTH)(ng/l) 57.34 £ 63.76 65.90 + 62.58 0.63
Serum total Calcium level (mg/dl) 9.30+1.34 9.17 + 1.63 0.74
Serum phosphorus level (mg/dl) 4,71 +1.09 4,70 + 0.85 0.97
Total cholesterol (TC) (mmol/L) 214.89 +50.68 194.54 + 35.89 0.11
LDL-C (mmol/L) 141.83 + 59.38 123.84 £ 22.01 0.16
HDL-C (mmol/L) 48.58 + 10.68 48.24 +5.25 0.89
Triglycerides (TG) (mmol/L) 132.5+51.71 126.12 + 40.89 0.63
Random blood glucose (RBG) (mg/dl) 144.32 + 70.44 162.45 + 96.137 0.45
Free T3 3.33+£0.96 3.15+£0.77 0.47
Free T4 18.6 + 4.49 17.10 + 3.56 0.21
TSH 0.76 £ 0.61 0.81+0.58 0.75
Erythrocyte sedimentation rate (ESR) 54.28 + 22.10 67.92 + 20.89 0.03"
Creatinine(mg/dl) 1.07+£051 1.81+3.39 0.28
Total protein (gm/I) 7.82+£0.93 8.34+£0.92 0.05"
Serum albumin (gm/l) 4.62+0.78 451+0.84 0.63

*P-value < 0.05

Table 3 a and b shows the basic laboratory
characteristics between the survivors and deaths in
both studied patients groups: The mean levels of
serum total Ca and phosphorus were nearly
similar in both survivors and died with no
statistical significant difference between both
groups. Meanwhile, the statistically significant
lower levels of vitamin D were found in deaths of

both studied groups. Notably, patients of group I
showed lower levels of iPTH in survivors when
compared to those levels in deaths with statistical
significant difference. Nevertheless, in patients
group I, the results demonstrated a higher level of
iPTH in survivors when compared to that level in
deaths but with no statistical significant
difference.

Table 3 (a) : Serum level of calcium and phosphorus in survivors and deaths in studied patients groups.

Patients with ischemic Infarction Patients with intracerebral hemorrhage

(Group ) (Group 1)

(No =25) (No =25)

mean = SD mean = SD

Survivors Deaths Survivors Deaths

Parameters No =19 No.=6 P-Value No =19 No.=6 P-Value
Serum total
Calcium 8.65+21.33 8.97 £27.94 0.98 9.19 £1.69 9.10 £1.55 0.91
(mg/dl)
Serum 449+1.12 4.73+1.90 0.39 457 £0.91 5.10 £0.51 0.09
Phosphorus
(mg/dl)

*P-value < 0.05
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Table 3(b) : Vitamin D status and serum intact parathormone levels (i PTH) in survivors and deaths in

studied patients groups.

Parameters Patients with ischemic Infarction Patients with intracerebral hemorrhage
(Group ) (Group 1)
(No =25) (No =25)
Median Median
Survivors Deaths P-Value Survivors Deaths P-Value
i PTH 26.70 (52.70) 55.30 (70.80) 0.001* 55.60 (63.50) 35.70 (81.25) 0.594
(ng /ml)
Vitamin D 22.10(23.80) 14.30 (54.35) 0.93 44.20(53.50) 18.85 (16.55) 0.003*
(nmol/L)

*P-value < 0.05

Tables (4 and 5) and Fig. 2(a and b) show there
was no statistically significant negative correlation
between the mean levels of vitamin D and SSS in
group | while in group Il a positive correlation
was found between Vitamin D and SSS (r=0.62,
p= 0.001). Nonetheless, the mean vitamin D
levels was insignificantly negatively correlated
with Modified Rankin scale (mRS) score but in

studied group | and was highly significantly
negatively correlated with Modified Rankin scale
(mRS ) score in studied group Il. Moreover, in the
both studied patient groups, the Modified Rankin
scale (mRS) score was highly statistically
significantly negatively correlated with the
Scandinavian stroke scale (SSS score) .

Table 4: Correlations between different parameters in studied group (1)

Patients with ischemic Infarction (Group 1)

(No =25)

mRs

Vit-D iPTH

Parameters R= P -value

R=

P- Value P -value

Scandinavian -0.886** 0.000
stroke scale

(SSS)

0.148

0.479 -0.122 0.561

Modified
Rankin scale
(mRS)

-0.111

0.597 0.131 0.534

Vitamin-D
(VIT D)

-0.111 0.597

-.070 0.739

**Correlation is significant at the 0.01 level (2-tailed) *. Correlation is significant at the 0.05 level (2-tailed)

Table 5: Correlations between different parameters in studied group (1)

Patients with intracerebral Haemorrhage (Group II)
(No =25)
mRs Vit-D iPTH
Parameters R P value R P Value R P value
Scandinavian -0.448" 0.025 0.625 0.001 0.020 0.923
stroke scale
(SSS)
Modified - - -0.501" 0.011 -0.033 0.876
Rankin scale
(mRS)
Vitamin-D -0.501" 0.011 - - -0.084 0.690
(VIT D)

**Correlation is significant at the 0.01 level (2-tailed) *. Correlation is significant at the 0.05 level (2-tailed)
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Using the ROC curve statistical method, we tested
our mortality results against the level of Vitamin
D and level of iPTH to measure the sensitivity and
specificity of these laboratory investigations, and
hence detect the method with the best
predictability for the mortality in our cases. The
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area under the ROC curve was measured for each
one. Larger values of the test result variable(s)
indicate stronger evidence for a positive actual
state (better matching). VIT D provided the best
results with area under the curve of 0. 64,
followed by iPTH with area.
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Figure 3: ROC curve of Vit D and iPTH levels

Discussion

Stroke is one of the leading causes of death and
disability worldwide and also increasing trend in
low and middle income countries (LMICs)®™.
Vitamin D has a big role in regulation of
immunity, cardiovascular and cerebrovascular
physiology. Vitamin D has emerged as a potential
risk factor for cardiovascular diseases, which has
been linked to its vasoprotective potential. The
reported vasoprotective effects of vitamin D
include slowing down of atherosclerosis,
promotion of endothelial function, suppression of
renin—angiotensin—aldosterone system and thereby
reduction of the risk of hypertension therefore |,
its deficiency might be involved in the
development of several diseases, including arterial
hypertension, diabetes mellitus, heart failure,
acute  myocardial infarction and stroke.
Furthermore, vitamin D deficiency influences
vascular remodeling through modulation of
smooth muscle cell proliferation, inflammation
and thrombosis. Also, vitamin D deficiency leads
to secondary hyperparathyroidism, and the
increase in parathyroid hormone promotes
myocyte hypertrophy and vascular remodeling.
Parathyroid hormone related protein (PTHrP) acts
as a proinflammatory cytokine and may contribute

to the instability of the atherosclerotic plaques.
These vascular changes are eventually responsible
to cause stroke (Thapa et al.)*. Vitamin D
deficiency has been associated with many
neurological illnesses. This study aimed to assess
the status of vitamin D and its association with
stroke risk factors and stroke type in patients with
acute stroke from Upper Egypt.

The subjects in the present study were relatively
younger when compared with stroke patients in
similar European and American studies. This
could be due to the different population age
structure resulting from greater mortality rates in
Egypt when compared with more developed
countries. This finding was in concordance with V
Majumdar et al who reported that the average age
of patients with stroke in low-income countries is
15 years below that in high-income countries.
Moreover, vitamin D deficiency might bear an
association with occurrence of acute stroke in our
studied patients whatever its type, and had an
association with its prevalent risk factors. Several
theories and mechanisms have been explained to
describe how vitamin D deficiency can lead to
stroke. Our findings was in agreement with Thapa
L et al* who stated that there was a link between
low circulating level of vitamin D and increased
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risk of cerebrovascular disease suggesting vitamin
D supplementation as a promising approach in the
prevention of strokes.

Notably, our current study revealed a highest
association between low 25(OH)D levels and
increased risk of incident hemorrhagic stroke
among people in upper Egypt. This finding could
be explained by that deficiency of vitamin D has
been associated with hypertension, diabetes
mellitus, and hyperlipidemia, which are the
known risk factors for hemorrhagic stroke. Pilz et
al.! who reported an association of low vitamin D
levels with cerebrovascular risk factors, in
particular arterial hypertension. Moreover, Kojima
et al.stated that vitamin D deficiency is
associated with several cardiovascular risk factors
which could increase the risk of stroke. Kikkinen
et al.'® and Anderson et al.® reported that heavy
smoking diabetes, hypertension and poor serum
lipid profile were associated with low serum
vitamin D level. Notably, in our study, most of the
patients who had risk factors for stroke such as
hypertension, diabetes mellitus, dyslipidemia,
smoking, and atrial fibrillation had low levels of
vitamin D, suggesting role of vitamin D in these
risk factors leading to stroke. Nevertheless, in
contrast to our results, Marcénetal.® and Kiihn
etal.®® had reported no association between
vitamin D and cardiovascular diseases. Moreover,
Chatterjeeet al.'” found that vitamin D was lower
in non-hypertensive to hypertensive, diabetic to
non-diabetic and infarct to intracranial hemor-
rhage patients, however, none of them were
significant.

Hypertension is an established risk factor for
stroke. vitamin D has a role in arterial
hypertension via the suppression of the renin—
angiotensin—aldosterone system (RAS). RAS
system is the key regulator of blood pressure,
electrolyte and volume homeostasis and its over
activation leads to hypertension. Hypertension
was the most common modifiable risk factor in
our studied patients groups (64%, 76%
respectively) and the majority of hypertensive
patients (81.25 %) had the more lower levels of

vitamin D suggesting clinical importance. As our
results indicate that hypertension mediates the
effect of low vitamin D levels on the risk of
stroke, in hypertensive subjects, the biological
effects of low vitamin D levels are aggravated
leading to a pronounced increase in the risk of
stroke. Moreover, plasma25-OH-D levels had
been inversely associated with risk of incident
hypertension in our studied patients, however,
with no statistically significant association. Our
findings were in agreement with Pokharel etal.™
who stated that several mechanisms have been
proposed on how vitamin D could be involved in
blood pressure regulation and the pathophysiology
of arterial hypertension, which is a major risk
factor for stroke where reported that vitamin D
deficiency is associated with increase in renin
expression and angiotensin Il production, leading
to hypertension. Notably, Burgazetal,® and
Tamez and Thadhani®® reported an inverse
association between vitamin D levels and blood
pressure levels as well as the prevalence of arterial
hypertension. Also, Scraggetal.”> were clued that
Vitamin D lowers systolic blood pressure . we
speculated that the presence of hypertension will
aggravate the risk of ischemic stroke associated
with low vitamin D levels. Thus, Meticulous
management of hypertension, regular monitoring
of serum 25 (OH)D levels and treatment of severe
vitamin D deficiency, particularly in hypertensive
subjects, could help in effective prevention of
stroke.

Notably, our study revealed a highest association
between low 25(OH)D levels among our stoke
patients had type 2 diabetes. This finding could be
explained by vitamin D deficiency is related to
insulin secretion, insulin resistance, and [-cell
dysfunction in the pancreas. Afzal et al.?® and
Song et al.** and Nakashima A et al stated Low
vitamin D levels have been found to be associated
with type 2 diabetes. they explained their results
by that the secretion of pancreatic insulin is
inhibited by vitamin D deficiency in the diabetic
animal model .Moreover, Insulin secretion is also
influenced by calcium concentration and flux
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through the pB-cells. Vitamin D regulates the
function of calbindin, a systolic calcium-binding
protein found in pancreatic pB-cells, and acts as a
modulator of depolarization stimulated insulin
secretion via regulation of intracellular calcium.
PTH, which has its concentration regulated by
vitamin D, is associated with insulin synthesis and
secretion in the pancreas. Insulin sensitivity is also
associated with vitamin D by stimulating the
expression of insulin receptors. In addition,
vitamin D enhances insulin sensitivity by
promoting the expression of peroxisome
proliferator-activated receptor (PPAR) delta,
which is a widely expressed member of the PPAR
family of nuclear receptor fatty acid sensors and
regulates fatty acids in skeletal muscle and
adipose tissue. Intracellular calcium is a key factor
of peripheral insulin resistance via an impaired
signal transduction pathway leading to decreased
glucose transporter activity. The indirect effect of
vitamin D is exerted by regulating calcium flux
through the cell membrane and intracellular
calcium. While low vitamin D induces secondary
hyperparathyroidism, increased PTH levels are
also associated with diabetes. Hypovitamin D
levels with increased PTH levels were an
independent predictor of [-cell dysfunction,
insulin resistance, and glycemia.

Moreover, our results revealed the association
between low levels of vitamin D and poor lipid
profile in the studied acute stroke patients. This
finding was in concordance with Kazlauskaite et
al.®® who stated that vitamin D deficiency is
associated with large high-density lipoprotein
particles. Zittermann et al.?® stated that vitamin D
deficiency has been linked to dyslipidaemia and
Ponda et al.”’ observed that low vitamin D
concentrations are associated with  higher
triglycerides and total cholesterol but lower levels
of HDL- cholesterol. Nonetheless, Wang et al.”®
showed no significant effect of vitamin D on total
cholesterol, HDL-cholesterol or triglycerides, but
a marginally significant increase in LDL-
cholesterol.

PTH could be considered as a cardiovascular risk
factor and higher PTH levels which are a hallmark
of vitamin D deficiency, had been considered one
of the significant risk factors for cardio-
cerebrovascular diseases (van Ballegooijenetal.
2930 and Pilzetal.®"). In our study, there was
statistically insignificant negative correlation
between vitamin D levels and iPTH levels in
studied acute stroke patients. This finding was in
agreement with Thapaet al."* who stated that
vitamin D deficiency leads to secondary
hyperparathyroidism, and the increase in parathy-
roid hormone promotes myocyte hypertrophy and
vascular remodeling. Notably, Pilzetal.** reported
the hallmark of vitamin D deficiency is an
increase in parathyroid hormone (PTH) levels.

In our study, the studied acute stroke patients,
whatever its type, had experienced a severe
vitamin D deficiency of less than 50 nmol/L
exceeding 84%and 76% in acute ischemic stroke
and intracerebral hemorrhage respectively with no
significant statistically difference. This is in
agreement with Chatterjeeet al.'” who stated that
about 95% of patients that had ischemic infarction
and intracerebral hemorrhage had below sufficient
levels for vitamin D with the more prevalent
insufficient vitamin D levels in patients with
ischemic infarction than those with intracerebral
hemorrhage. Notably, Park etal.'®that reported
more than 68% of patients with ischemic stroke
had vitamin D deficiency (<50 nmol/L).
Moreover, Tu et al.** and Wang et al.> showed 68-
78% prevalence of vitamin D deficiency in the
Chinese acute ischemic stroke population.

In our current study, there was no association
between vitamin D levels and severity of stroke in
patients with acute ischemic infarction. Our
finding was in consistency with Gupta etal.® who
stated no association of low vitamin D status with
ischemic stroke. Nevertheless, Daubail et al., *°
and Wang etal.” reported that in meta-analysis
studies, an increasing risk of ischemic stroke with
decreasing concentrations of vitamin D has been
observed and stated that the initial neurological
deficit is more severe in patients with lower
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vitamin D status and vitamin D levels at
admission had inversely correlated with the
admission neurological deficit (assessed by the
NIHSS).

Other studies of Chaudhuri etal.*, and Sun etal.*
stated a significant association between vitamin D
deficiency and ischemic stroke. Interestingly,
Bakradzeetal.*” reported that Low vitamin D has
been found to increase the risk of ischemic stroke,
predict severity and poor functional outcome.

Our study demonstrated statistically significant
association of low vitamin D levels and severity
of stroke in patients with intracerebral hemor-
rhage. This is in agreement with Bakradzeetal.*’
who found that intracerebral hemorrhage patients
with severe vitamin D deficiency had significantly
worse stroke severity, where NIHSS on admission
was higher in those patients with severe vitamin D
deficiency. In spite of these findings, he stated no
statistical significance between vitamin D level
and discharge mRS score.

Our study, interestingly, experienced no
association between vitamin D levels and
functional outcome in patients with ischemic
stroke. This is incongruity with Park etal.® that
found an association between the low vitamin D
levels and poor functional outcomes in patients
with acute ischemic stroke.

Daubailetal.* stated that low vitamin D levels was
a predictor of functional outcome at discharge and
one year mortality in Caucasian stroke population.
Similarly, Wang etal.**reported that vitamin D
level was a predictor of both the severity at
admission and the discharge functional outcome
in Chinese patients with acute ischemic stroke.

In the current study, our studied stroke patients
experienced normal calcium and phosphorus
levels .This finding was in contrast to Chatterjee
et al.'” who reported that most of acute stroke
patients whatever its types had low serum calcium
levels.

Interestingly, in our current study, we found a
significant severe deficiency in the level of
vitamin D in deaths of our patients with acute
stroke whatever its type suggesting that vitamin D

could be considered as a prognostic marker of
functional outcome and death. This finding was in
consistent with Pilzet al.** and Zittermann et
al.*®who reported that low vitamin D levels are an
independent risk factor for mortality. Notably, Tu
et al.* statedthat vitamin D is a good marker for
prognosis, functional outcome and death in
patients with acute ischemic and hemorrhagic
stroke.  Kikkinenet al.'* found an inverse
association between serum vitamin D level and
total cerebrovascular mortality. Previous studies
by Giovannucci et al.* investigating the link
between cardiovascular risk or mortality and
vitamin D status had reported low vitamin D
levels in these patients.

Carotid atherosclerosis is a progressive multifa-
ctorial artery disease associated with high risks of
morbidity and mortality (Allison et al.*%). Carotid
intima-media thickness and plaque assessment by
cervical ultrasonography is a non-invasive,
feasible and accurate method for detecting
asymptomatic carotid atherosclerosis (Touboulet
al.*™).

In the current study, abnormal findings in the
carotid and vertibrobasilar duplex were seen in
our studied acute stroke patients. The most
important finding was carotid atherosclerosis. We
found that the more prevalence of carotid
atherosclerosis has been detected in our acute
ischemic stroke patients with high statistically
significant difference when compared to patients
with intracerebral hemorrhage.

Interestingly, our abnormal findings in the carotid
and vertibrobasilar duplex were more prevalent in
acute ischemic stroke patients who had lower
vitamin D levels. In agreement with our study,
Pilz et al.¥stated that Carotid atherosclerosis
leading to increased carotid artery intima media
thickness and it is an important risk factor in the
development of ischemic stroke, but not with
hemorrhagic stroke.

Notably, Giriet al.* found a significant negative
association between vitamin D and carotid artery
intima media thickness in patients with ischemic
stroke. Moreover, studies by Carreli et al.** have
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revealed an inverse association between vitamin D
levels and subclinical atherosclerosis as measured
by carotid intima-media thickness (IMT) and
computed tomography-derived calcified atheroscl-
erotic plague and this negative association of
vitamin D levels with IMT and plaque thickness
suggests that vitamin D deficiency may play a role
in the development and/or progression of
atherosclerosis, which may help to explain the
increased risk of CV events and mortality
observed in epidemiological studies.

Also, Carreliet al.*® stated that an association
between vitamin D deficiency and carotid
vascular  abnormalities that predicts the
development of myocardial infarction and stroke.
However, Blondonet al.**and Sachs et al.* found
no significant association between vitamin D with
carotid intima media thickness or carotid plaques.
Conclusion: Vitamin-D insufficiency may bear an
association with acute stroke and its prevalent risk
factors with a highest association between low
25(0OH)D levels and risk of incident hemorrhagic
stroke among people in upper Egypt. Low levels
of vitamin D are independently predictor for fatal
strokes with more evidence of unfavorable
outcome in acute intracerebral hemorrhagic
stroke, therefore, it might be a marker of greater
co-morbidity and a being causally related to stroke
suggesting that vitamin D supplementation is a
promising approach in the prevention of strokes.
Limitations: Firstly, the sample size was small
with no seasonal adjustment for vitamin D levels
or assessing its causality to determine the
association between vitamin-D level and stroke.
Secondly, this study was conducted on Upper
Egypt patients and there were several studies have
suggested racial differences of association
between vitamin D and cardiovascular diseases
there. Therefore, further studies are warranted to
explore this association among other areas of
Egypt and for stroke types. In particular, large-
scale clinical trials are needed to guide public
health recommendations for lowering the burden
of both condition and to shed light on the effects

of achieving optimal vitamin D status in the
primary prevention of stroke.
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