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Abstract

Aim: Stroke ranks second among the causes of death world wideand related disability and death rates are high. Recent studies have
shown that vitamin D deficiency is higher in patients with ischemic stroke compared to other patients and vitamin D deficiency has
emerged as a new risk factor. The aims of the study are to investigate the relation between levels of vitamin D in patients diagnosed
with acute ischemic stroke with levels of vitamin B,,, glucose, HbATc, blood urea nitrogen (BUN), creatinine, C-reactive protein (CRP)
and lipids, and to determine the effect of vitamin D deficiency on other factors that increase the risk of acute ischemic stroke.
Materials and Methods: Two thousand seven hundred thirty-four patients diagnosed with acute ischemic stroke were included in the
study. Results of laboratory tests for levels of vitamin D, vitamin B, , HDL cholesterol, LDL cholesterol, VLDL cholesterol, triglycerides,
glucose, HbATc, BUN, creatinine and CRP were recorded.

Results: As for correlation between vitamin D and other parameters, positive correlations between vitamin D and age, vitamin B,
BUN and creatinine, and negative correlations between vitamin D and triglycerides, LDL cholesterol, VLDL cholesterol, glucose,
HbA1c and CRP were identified. Vitamin D and HDL cholesterol showed no correlation in normal HDL values, but there was positive
correlation in patients with HDL cholesterol levels <40 mg/dL.

Conclusion: Vitamin D levels in patients that suffered ischemic stroke were significantly correlated with lipid metabolism, glucose
metabolism, inflammation, kidney function and vitamin B, , levels.
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INTRODUCTION

Vitamin D (VitD) is a fat-soluble vitamin and a hormone/
hormone-precursor group of sterols, since it is
endogenously synthesized under appropriate biological
conditions. The major effects of VitD involve calcium
and phosphorus metabolism, and bone mineralization.
VitD deficiency is the least diagnosed and treated form
of malnourishment globally. Despite the abundance of
sunlight, VitD deficiency is widespread in Turkey (1).

Stroke ranks second among the causes of death
worldwide, and related disability and death rates are
high. Stroke accounts for 9% of all deaths. The number of
patients is expected to increase each year. Occlusive type
cerebrovascular disease constitutes 80-85% of all strokes.
Stroke is among the most common causes of epilepsy in
elderly patients. Acute stroke patients have high intensive
care needs and the length of hospital stay is long (2).

vitamin D

Hypertension, hyperlipidemia, smoking, diabetes mellitus
(DM), obesity and atrial fibrillation are among the proven
risk factors of ischemic stroke (IS). Recent research
have indicated that VitD deficiency is more frequent in
IS patients compared to other patients, which prompted
the idea that VitD deficiency might be another risk factor.
Moreover, there are studies that have shown that VitD
deficiency is associated with hypertension, hyperlipidemia
and DM, which are risk factors for IS (3-5).

The aims of this study are to investigate the relation
between levels of VitD in patients diagnosed with acute
ischemic stroke (AIS) in the emergency department
(ED) with levels of vitamin B, (VitB,,), high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, very-low-density lipoprotein (VLDL)
cholesterol, triglycerides (TG), glucose, HbA1c, blood urea
nitrogen (BUN), creatinine (Cr) and C-reactive protein
(CRP), and to determine the effect of vitamin D deficiency
on other factors that increase the risk of AlS.
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MATERIALS and METHODS

This retrospective study was initiated after it was
approved by the Ethics Committee of Antalya Education
and Research Hospital with the issue number 27/21 on
December 26, 2019. The data of the patients that were
diagnosed with stroke (searched via ICD codes) were
obtained from the hospital automation system database
and hospital archives. Patients in the adult age group (age
=18 years) that were admitted to the neurology clinic or the
intensive care unit of the neurology department from ED
between the dates of 01 January 2018 and 31 December
2019 were includedin this study. Patients in the children
age group (age <18 years) that were discharged from ED or
referred to another hospital were excluded from the study.
Patients whose data were not fully available, those who
had hemorrhagic stroke, and those with VitD and VitB,,
levels higher than the normal ranges were excluded from
the study. Searches on the hospital automation system
database and hospital archives, selection of patients,
and application of inclusion and exclusion criteria were
performed by the coordinator emergency physician of the
study. A data record form was prepared for the study, on
which patients' age, gender, pre-diagnosis, and results of
imaging and laboratory tests were recorded. Results of
laboratory tests for levels of VitD, VitB,,, HDL cholesterol,
LDL cholesterol, VLDL cholesterol, TG, glucose, HbA1lc,
BUN, Cr and CRP were recorded.

In total, 4,343 patients were screened for the study. A total
of 1,609 patients were excluded from the study, including
1,303 patients whose data were not fully available, 23
patients with levels of VitD higher than 100 pg/L, 77
patients with levels of VitB, , higher than 500 ng/L and 206
patients diagnosed with hemorrhagic stroke.

Blood Samples and Laboratory Analysis

Blood samples were drawn within half an hour following
the admission of the patients to the clinic or intensive
care unit of theneurology department. The approximate
duration of centrifugation was 10 minutes at 4,100 rpm
for the laboratory tests.VitD, VitB,,, HDL cholesterol, LDL
cholesterol, TG and CRP measurements were made with a
Beckman Coulter UniCel DxI 800 (CA, USA) autoanalyzer.
Results were reported in pg/L for VitD, and ng/L for VitB,,,
HDL cholesterol, LDL cholesterol, TG and CRP. VLDL
cholesterol was calculated automatically by a Beckman
Coulter UniCel DxI 800 (CA, USA) autoanalyzer using the
formula TG/5=VLDL. Results were reported in mg/dL.
HbA1c measurements were made with an Chromsystem
autoanalyzer (Miinchen, Germany). Results were reported
in %. Glucose, BUN and Cr measurements were made
with a Beckman Coulter AU 680 (CA, USA) autoanalyzer.
Results were reported in mg/dL. Measurement of serum/
plasma levels took an hour for VitD and VitB,,, 30 minutes
for HDL cholesterol, LDL cholesterol, VLDL cholesterol and
TG, and 45 minutes for glucose, BUN, Cr, CRP and HbA1c.

Statistical Analysis
Data of 2,734 patients were used for statistical analysis,
which was performed with the SPSS 21 package. Firstly,

demographic analysis was carried out using frequency
distribution and the x2 test. In order to determine the
distribution of groups, the Shapiro-Wilk test was utilized.
For group comparisons of paired samples, the student
t-test was used for parametric distributions and the
Mann-Whitney U test was used for non-parametric ones.
Correlations between the level of VitD and levels of VitB,,,
HDL cholesterol, LDL cholesterol, VLDL cholesterol, TG,
glucose, HbA1c, BUN, Cr and CRP were assessed using the
Pearson bivariate correlation test. Then, linear regression
method was performed in order to formulize the relations
between VitD levels and other parameters. To validate
these formularizations, an advanced statistical modeling
tool, the generalized linear model (GLM), was used. A p
value of <0.05 was accepted as statistically significant.

RESULTS

A total of 2,734 patients diagnosed with AIS were included
in the study. The mean age of the patients was 6612
years. 1,758 (64%) patients were male and 976 (36%) were
female. The mean level of VitD in female patients was
23+11 (min:3, max:91) pg/L, while that in male patients
was 21+12 (min:2, max:88) pg/L (p<0.001). Reference
ranges of the laboratory tests and mean values of
patients' results are shown in Table 1. Accordingly, there
were 2,190 patients (80%) with VitD levels <30 pg/L, 258
patients (9%) with VitB12 levels <126 ng/L, 1,489 patients
(54%) with LDL levels >100 mg/dL, 938 patients (34%)
with VLDL levels >30 mg/dL, 1,965 patients (35%) with TG
levels >150 mg/dL, 950 patients (71%) with HbA1c levels
>5.6%, 866 patients (32%) with CRP levels >5 mg/L, 682
patients (25%) with BUN levels >20 mg/dL, 801 patients
(29%) with Cr levels >1.09 mg/dL and 230 patients (8%)
with HDL levels <60 mg/dL (Table 1).

Table 1. Mean laboratory test results of the patients and reference
ranges

Laboratory _results Reference

Value of the patients
(Mean#SD) ranges

Vitamin D (ug/L) 22.13+11.45 30-100
Vitamin B12 (ng/L) 240499 126-505
Triglyceride (mg/dL) 14892 10-150
HDL Cholesterol (mg/dL) 45410 40-60
LDL Cholesterol (mg/dL) 109138 10-100
VLDL Cholesterol (mg/dL) 3019 2-30
Glucose (mg/dL) 116449 74-106
BUN (mg/dL) 1847 8-20
Creatinine (mg/dL) 1.0440.33 0.66-1.09
CRP (mg/L) 88 0-5
HbA1c (%) 6.5t1.4 3.5-5.6

HDL: High-Density Lipoprotein, LDL: Low-Density Lipoprotein,

VLDL: Very-Low-Density Lipoprotein, BUN: Blood Urea Nitrogen,
CRP: C-Reactive Protein, HbA1c: Hemoglobin Alc
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When correlation between VitB,, and other parameters
was assessed, correlations between levels of VitB,, and
VitD (r=0.122, p<0.001), VitB,, and BUN (r=0.043, p=0.025),
and VitB,, and Cr (r=0.045, p=0.018) were identified. As for
correlation between VitD and other parameters, positive
correlations between VitD and age, VitB,,, BUN and Cr,
and negative correlations between VitD and TG, LDL
cholesterol, VLDL cholesterol, glucose, HbAlc and CRP
were identified (Table 2). VitD and HDL cholesterol showed
no correlation in normal HDL values. However, there was

positive correlation between VitD and HDL cholesterol
(r=0.740, p=0.025) in patients with HDL cholesterol levels
<40 mg/dL (Table 2).

In order to formulize the relation between VitD levels and
other laboratory test results, linear regression method
was used (Figure 1). According to this analysis, for
prediction of VitD levels, gender, age, and levels of VitB,,
TG, HDL cholesterol and BUN exhibit positive coefficients,
while levels of LDL cholesterol, VLDL cholesterol, glucose
(fasting), CRP and HbATc exhibit negative coefficients.

Table 2. Correlations between vitamin D levelsand other laboratory parameters

Age VitB12 TG HDL LDL VLDL
r 0.084~ 0.122~ -0.110" 0.030 -0.057 -0.110"
p 0.000 0.000 0.000 0.114 0.003 0.000
Glucose BUN Creatinine CRP HbA1c
r -0.108* 0.047" 0.052" -0.082" -0.105"
p 0.000 0.013 0.006 0.000 0.000

r: Correlation Coefficient, p: Probability value, ~: p<0.001, *: p<0.05, VitB12:

Vitamin B12,TG: Triglycerides, HDL: High-Density Lipoprotein,

LDL: Low-Density Lipoprotein, VLDL: Very-Low-Density Lipoprotein, BUN: Blood Urea Nitrogen, CRP: C-Reactive Protein, HbA1c: Hemoglobin Alc

Vitamin D = [2.360 x gender (female:0, male:1)] + [0.055 x age] +
[0.014xB,,] + [0.037 x TG] + [0.03] x HDL cholesterol] - [0.009 x LDL
cholesterol] - [0.231 x VLDL cholesterol] - [0.012 x glucose (hunger)] +
[0.075 x BUN] - [0.055 x CRP] - [0.389 x HbAIc] + 17.659

Figure 1. Calculation of vitamin D levels using linear regression
method

GLM was performed to validate the results obtained by
the linear regression method. Accordingly, VitD levels
were found to be positively correlated with VitB,, and BUN
levels. On the other hand, VitD levels negatively correlated
with levels of CRP, LDL cholesterol, VLDL cholesterol,
glucose and HbA1c (Figure 2).

LDL Cholesterol
Vitamin B12
Glucose (Hunger)
LDL Cholesterol
Hb-Alc

BUN

Figure 2. Relationship between vitamin D levels and other
parameters according to the generalized linearmodel

DISCUSSION

AIS is a major cause of long-term disability globally.
IS has a heterogeneous etiology with changeable and
unchangeable risk factors. VitD deficiency, which is lately
considered an independent risk factor, has been found
to elevate the risk of vascular disease and IS in healthy
individuals, and has been reported to be an independent
risk factor for poor outcomes in AIS patients (6,7). In this
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study, in which we investigated the relationship between
VitD levels and VitB,,, HDL cholesterol, LDL cholesterol,
VLDL cholesterol, TG, glucose, HbA1c, BUN, Cr and CRP
levels in patients diagnosed with AIS in the emergency
department, 80% of the patients had VitD levels, 9% had
VitB12 levels and 8% had HDL cholesterol levels below
normal limits. Additionally, LDL cholesterol levels in 54%,
VLDL cholesterol levels in 34%, TG levels in 35%, HbAlc
levels in 71%, CRP levels in 32%, BUN levels in 25% and
Cr levels in 29% of the patients were found to be above
normal limits.

Studies have shown that VitD deficiency is associated
with hypertension, DM and dyslipidemia (8). A study has
reported that glycemic control was disrupted in type-11 DM
patients with low VitD levels and that VitD supplementation
helped alleviate the disruption of glycemic control (9).
In a study that investigated the relation between VitD
and cholesterol levels, VitD deficiency has been shown
to be associated with poor clinical outcomes in patients
with low HDL cholesterol levels (10). Another study has
found that VitD supplementation raised the levels of total
cholesterol, TG, VLDL, LDL and HDL significantly, and that
VitD had potentially negative effects on lipid metabolism

().

Pathophysiology of stroke is complex and not fully
understood. Subsequent to cerebral ischemia, various
inflammatory processes are activated and tissue damage
is elevated due to increased inflammation. In studies
that investigated the role of the inflammation marker
CRP in AIS, high levels of serum CRP was found to be
independently associated with stroke, mortality and post-
stroke intracerebral hemorrhage (12). A similar study
has reported that management of both LDL cholesterol
and CRP levels could prevent reoccurrence of stoke and
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transient ischemic attack (13). VitD is known to play an
important role in regulation of inflammatory processes.
Research has shown that high-sensitivity CRP levels
are elevated in patients with VitD deficiency (14-17). In
a study involving patients that suffered AIS, serum VitD
levels were found to be negatively correlated with IL-6 and
high-sensitivity CRP levels (18).

Another risk factor for AIS is VitB,, deficiency. In a study
that investigated the relation between VitB,, deficiency
and AIS, low VitB,, levels, especially together with low
folate levels, were shown to increase the risk of cerebral
ischemia (19). A study involving AIS patients has reported
that levels of serum homocysteine, VitB,, and VitD were
associated with the severity of first-time stroke, but also
contributed to prognosis of AIS to a certain extent (20).
In a study that examined the levels of VitB,,, folic acid,
homocysteine and VitD in children and adolescents with
obsessive-compulsive disorder, the levels of VitB,, and
VitD were found to be significantly lower in the patient
group compared to the control group, while homocysteine
levels were higher (21). A study has investigated the
correlation between the levels of ischemia VitB,, and
VitD, and anti-thyroid peroxidase (anti-TPO) antibodies in
patients with autoimmune hypothyroidism. Their results
suggest that deficiencies of VitB,, and VitD are associated
with autoimmune hypothyroidism, and that a negative
correlation exists between VitB,, and VitD levels, and anti-
TPO levels in these patients (22).

The risk of cardiovascular disease is high in the presence
of concurrent chronic kidney disease (CKD). This elevated
risk is associated with arterial hypertension, DM and
dyslipidemia, as well as various other factors such as
chronic inflammation (23). In CKD, VitD deficiency and
related disruption of Ca metabolism pose a serious
problem. Moreover, recent research has shown that in
patients with VitD deficiency, DM is more prevalent, and
levels of non-HDL cholesterol and TG are higher compared
to healthy subjects (24,25).

The cited research taken together suggests that in
addition to mineral metabolism, VitD affects lipid, glucose,
kidney and inflammatory functions in the body, and that it
is associated with VitB,,. In our study, different analysis
methods were used to investigate how VitD levels were
related to levels of VitB,,, HDL cholesterol, LDL cholesterol,
VLDL cholesterol, TG, glucose, HbA1¢, BUN, Crand CRP. The
results of these analyses collectively indicated that VitD
and VitB,, levels were positively correlated. VitD was also
shown to be positively correlated with the kidney function
markers BUN and Cr. Furthermore, a positive correlation
was found between VitD and HDL cholesterol in patients
with low HDL levels. In contrast, VitD negatively correlated
with levels of TG, LDL cholesterol and VLDL cholesterol.
A negative correlation was also shown between VitD and
the inflammatory marker CRP. Similarly, VitD was found to
be negatively correlated with levels of glucose and HbATc.
The results of our study support other studies.

LIMITATIONS

Patients with high VitD and VitB,, levels were excluded
from the study due to insufficient numbers. Thus, the
relation between high levels of VitD and VitB,,, and other
laboratory test parameters could not be investigated.

CONCLUSION

To conclude, in addition to mineral metabolism in the
body, VitD is associated with levels of TG, LDL cholesterol,
VLDL cholesterol, HDL cholesterol, glucose, HbAlc, BUN,
Cr, CRP and VitB,,, which are risk factors for IS. Changes
in VitD levels cause changes in lipid metabolism, glucose
metabolism, inflammation, kidney function and VitB,,
levels. Therefore, by eliminating VitD deficiency, the risk
of IS can be reduced. Additionally, TG, LDL cholesterol,
VLDL cholesterol, HDL cholesterol, glucose, HbAlc, BUN,
Cr, CRP and VitB,, levels can be estimated by measuring
the VitD levels of the patient between laboratory tests.
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