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Objective: Previous studies found that low vitamin D levels were modestly associated with risk
of stroke and poor functional outcome after stroke. In addition, vitamin D deficiency has been
linked with cognitive decline. Our study aimed to explore the potential relationship between
vitamin D levels in the short-term acute phase of ischemic stroke and cognitive impairment
at 1 month.

Methods: In total, 354 ischemic stroke patients were consecutively enrolled in the study and
received 1-month follow-up. The serum levels of vitamin D were measured within 24 hours
after admission. Cognitive function was evaluated by the Mini-Mental State Examination
(MMSE) at 1 month after acute ischemic stroke. Cognitive impairment was defined according
to different education levels.

Results: According to MMSE scores, 114 participants (32.2%) had cognitive impairment at
1 month. Patients with vitamin D deficiency were more likely to have cognitive impairment
than those with vitamin D insufficiency and vitamin D sufficiency (P<<0.001). After adjusting
for potential confounders in our Cox proportional hazards model, vitamin D deficiency was
independently associated with the development of cognitive impairment in acute ischemic
stroke patients.

Conclusion: Independent of established risk factors, vitamin D deficiency in the short-
term phase of ischemic stroke was associated with a higher incidence of 1-month cognitive
impairment.

Keywords: vitamin D, cognitive impairment, ischemic stroke, Mini-Mental State Examination

Introduction

Cognitive impairment is a common and important complication after stroke, with
prevalence ranging widely from 10% to 82%.' The presence of poststroke cognitive
impairment (PSCI) has been associated with poor functional outcome,” reduced quality
of life,* higher risk of recurrent stroke* and aggravated economic burden.’ However,
multiple factors have been found to lead to the progression of PSCI, including older
age, family history, sex difference and poor educational status,® which are not readily
amenable to prevention and treatment. Therefore, it is necessary to find novel risk
factors that may improve the prediction and early diagnosis of PSCI.

Vitamin D is a unique neurosteroid hormone necessary for maintaining musculo-
skeletal health; its deficiency is associated with many conditions including obesity,
hypertension, diabetes mellitus, cardiovascular diseases (CVDs) and dementia.”® Accu-
mulating evidence suggests that the vitamin D receptor (VDR) and the enzyme required
for vitamin D activation have been found in areas of the brain essential for cognition.'
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More recently, several experimental studies have suggested
that vitamin D deficiency could mediate neurodegenerative
processes involved in Alzheimer’s disease (AD).!2 Further-
more, previous studies found that low vitamin D levels were
associated with increased odds of cognitive dysfunction in
the elderly and in people with dementia.'>"' It is also reported
that vitamin D deficiency is common in patients after stroke
and is associated with poor functional outcome.'®! A cross-
sectional study conducted in the rehabilitation period of stroke
found a positive association between vitamin D levels and
cognitive function.”? However, to date, as we know, this is
the first prospective study to explore the relationship between
vitamin D levels in the acute period of stroke and the develop-
ment of cognitive impairment at 1 month.

In this study, we measured the serum levels of vitamin D
within 24 hours after admission in patients with acute ischemic
stroke and investigated the relationship of vitamin D levels
with the incidence of cognitive impairment at 1 month.

Materials and methods

Subjects

The study obtained the approval of the ethics committee of
the First Affiliated Hospital of Wenzhou Medical University
in compliance with the Declaration of Helsinki. All partici-
pants or their relatives provided written informed consents.
Patients who had suffered a stroke and were admitted to
the Stroke Unit of the First Affiliated Hospital of Wenzhou
Medical University within 7 days were included in this study
from October 2013 to February 2015. The inclusion criteria
were as follows: 1) age between 18 and 80 years; 2) first-
ever acute stroke occurring within 7 days after stroke onset;
3) diagnosed with computerized tomography (CT) or mag-
netic resonance imaging (MRI) at the time of admission. The
exclusion criteria were as follows: 1) primary hemorrhagic
stroke or transient ischemic attack; 2) patients with any cen-
tral nervous system disease such as pre-stroke dementia or
severe cognitive impairment, Parkinson’s disease; 3) severe
aphasia or dysarthria, visual or auditory impairment and acute
or chronic inflammatory disease; 4) patients taking vitamin D
and/or calcium supplementation before stroke onset.

Clinical measurements

Demographic data included age, gender and years of educa-
tion. Behavioral risk factors included body mass index (BMI),
current smoking and drinking alcohol. Clinical variables
included history of hypertension, diabetes mellitus, coronary
artery disease (CAD), hyperlipidemia, stroke etiology as well
as the serum levels of vitamin D. Stroke severity was assessed
using the National Institutes of Health Stroke Scale (NIHSS)

within 24 hours of admission. Functional outcomes were
evaluated by the Barthel Index (BI) at discharge. CT or MRI
was performed on patients within 72 hours after admission.
The lesion locations of acute stroke were recorded.

Psychological measurement

Cognitive function was assessed by trained neurologists who
were blinded to the subjects’ clinical presentations and labo-
ratories using the Chinese version of the Mini-Mental State
Examination (MMSE) at 1 month poststroke. The MMSE has
been translated into Chinese and validated for reliability and
validity as a screening tool for cognitive impairment in the
Chinese population. Lower scores indicate greater cognitive
impairment, and cognitive impairment was defined by an
MMSE score =19 points (illiterate), =22 points (education
level of primary school), or =26 points (education level of
secondary school or above).?

Laboratory tests

Blood samples were obtained within 24 hours of hospital
admission. Vitamin D status was measured by blood
25-hydroxyvitamin D [25(OH)D], the main active form
of vitamin D and a good indicator of the whole level of
vitamin D. Serum 25(OH)D levels were measured through a
competitive protein binding assay at our hospital’s laboratory.
In both cohorts, serum 25(OH) D concentrations were divided
into clinically relevant categories, vitamin D deficiency
(<25 nmol/L), vitamin D insufficiency (=25 to <50 nmol/L)
and vitamin D sufficiency (=50 nmol/L).**

Statistical analyses

Continuous variables were shown as mean (SD) or medians
(quartiles) depending on the normal or non-normal distribu-
tion of data, while categorical variables were represented
as percentages. Student’s z-test was applied for normal
distribution test, while the asymmetrically distributed vari-
ables were compared using the Mann—Whitney U-test, and
chi-squared test was employed for proportions. In addition,
Cox proportional hazards model was employed to analyze
and determine the independent risk factors of PSCI, which
allows adjustment for potential confounding factors. All
statistical analyses were performed with SPSS for Windows,
version 23.0 (SPSS Inc., Chicago, IL). A P-value <0.05 was
considered statistically significant.

Results

Baseline characteristics
A total of 634 individuals were enrolled in the study and
410 patients were eligible for the study. Consequently,
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354 patients completed the follow-up and were included
in this study (Figure 1). Among 354 patients, the mean
age was 62.51£10.12 years, and 37.3% were females; the
median serum vitamin D concentration was 49.58 nmol/mL
(IQR, 31.95-65.09 nmol/mL). Table 1 shows the basic
characteristics of patients with and without PSCI. Among
the study population, 114 (32.2%) patients were diag-
nosed with PSCI at 1-month follow-up. Compared with
non-PSCI patients, PSCI patients were more likely to
be older, female and have higher NIHSS scores, lower
BI scores and lower education level. Meanwhile, less
cigarette smokers and alcohol drinkers were found in
subjects with PSCI.

Association between serum level of

vitamin D and cognitive impairment
Median (IQR) values of vitamin D in non-PSCI patients
and PSCI patients were 51.64 (36.39-66.32) and 41.47
(19.24-57.10), respectively. Compared to those without
PSCI, lower vitamin D levels were found in subjects
with PSCI (P<<0.001). In addition, there were significant
differences observed between the PSCI and non-PSCI
patients according to different vitamin D status. Indeed,
the incidence of vitamin D deficiency (<25 nmol/L) was
significantly higher in the PSCI group (P<<0.001), whereas
it was significantly lower in the PSCI group (P=0.015).
Moreover, Figure 2 shows a significant intergroup differ-
ence in the incidence of PSCI (P<<0.001). Patients with
vitamin D deficiency were more likely to have cognitive
impairment than those with vitamin D insufficiency and
vitamin D sufficiency (58.3% vs 28.1%, 26.0%, P<<0.001)
(Figure 2).

Table 2 shows the Cox proportional hazards model for
the association between vitamin D status and cognitive
impairment. For the whole data of stroke patients, vitamin
D sufficiency was taken as a reference and the presence of
PSCI taken as a dependent variable for vitamin D values;
after adjusting for potential confounders, vitamin D deficiency
(<25.0 nmol/L) was independently associated with the preva-
lence of PSCI (RR 2.124, 95% CI 1.307-3.449, P=0.002).
Moreover, years of education was significantly associated with
the development of PSCI in acute ischemic stroke patients (RR
0.940, 95% CI 0.884-0.999, P=0.047; Table 2).

Discussion

To the best of our knowledge, this is the first study to inves-
tigate the prospective relationship between vitamin D levels
and PSCI. In our study, the main finding was that vitamin D
deficiency was associated with a higher incidence of cogni-
tive impairment in patients with acute ischemic stroke. The
association remained significant after adjusting for potential
confounders listed in Table 2.

In the present study, 32.2% of patients with acute isch-
emic stroke were diagnosed with PSCI at 1 month, which
is consistent with previous findings.?>?’ Additionally, some
studies demonstrated that education is an important factor
that affects cognitive function.”®* Previous studies have
discovered that education had the most potent effect on
MMSE performance, which would influence individuals’
capability of comprehension and execution, or might reflect
the innate intelligence status that inhibited the subjects to
complete higher levels of education.* Our study found that
education has a protective effect to cognitive function, which
was consistent with previous studies.’! The addition of serum

634 patients with stroke at baseline

Exclude:

@ Pre-stroke dementia or severe cognitive impairment: 35

@ Severe aphasia: 102

@ Decline: 35

@ Primary hemorrhagic stroke or transient ischemic attack: 48

Yy @ Taking vitamin D and/or calcium supplementation before stroke: 4

410 patients included in our study

56 patients without complete 1-month follow-up data
@ 3 patients due to early death
@ 53 patients due to missing data

v

354 patients with complete follow-up data
PSCI: 114 patients
Non-PSCI: 240 patients

Figure | Study recruitment profile.
Abbreviation: PSCI, poststroke cognitive impairment.
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Table | Clinical and demographic characteristics of the samples under study

Baseline characteristics Non-PSCI patients (n=240) PSCI patients (n=114) P-value
Age, years, mean = SD 61.22+9.72 65.24+10.44 <0.001
Female, n (%) 68 (28.3) 64 (56.1) <0.001
Years of education (years, IQR) 5(2-8) 1 (0-6) <0.001
SBP (mmHg) 156.41+20.83 157.36+24.19 0.720
DBP (mmHg) 84.22+13.45 82.61+12.40 0.284
BMI (kg/m?), mean £ SD 24.4913.10 23.96+2.97 0.134
Hypertension, n (%) 175 (72.9) 76 (66.7) 0.226
Diabetes mellitus, n (%) 50 (20.8) 27 (23.7) 0.544
Coronary artery disease, n (%) 16 (6.7) 8(7.0) 0.902
Hyperlipidemia, n (%) 28 (11.7) 9(7.9) 0.278
Lesion location, n (%)
Frontal lobe 44 (18.3) 27 (23.7) 0.240
Parietal lobe 37 (15.4) 18 (15.8) 0.928
Temporal lobe 19 (7.9) 13 (11.4) 0.285
Occipital lobe 25 (10.4) 11 (9.6) 0.823
Basal ganglia 106 (44.2) 53 (46.5) 0.681
Brainstem 42 (17.5) 18 (15.8) 0.689
Cerebellum 18 (7.5) 7(6.1) 0.641
Other 119 (49.6) 52 (45.6) 0.485
Stroke etiology, n (%) 0.164
Atherosclerosis 204 (85.0) 86 (75.4)
Cardio embolism 9 (3.7) 7 (6.1)
Small vessel occlusion 23 (9.6) 19 (16.7)
Other undetermined etiology 4(1.7) 2(1.8)
Current smoking, n (%) 81 (33.8) 20 (17.5) 0.002
Drinking alcohol, n (%) 91 (37.9) 28 (24.6) 0.013
NIHSS score at admission 2 (1-4) 3 (2-5) 0.010
Bl score at discharge 100 (85-100) 95 (68.75-100) 0.016
Vitamin D (nmol/L), median (IQR) 51.64 (36.39-66.32) 41.47 (19.24-57.10) <0.001
Vitamin D deficiency (<25 nmol/L), n (%) 25 (10.4) 35 (30.7) <0.001
Vitamin D insufficiency (25-50 nmol/L), n (%) 87 (36.3) 34 (29.8) 0.234
Vitamin D sufficiency (>50 nmol/L), n (%) 128 (53.3) 45 (39.5) 0.015

Abbreviations: Bl, Barthel Index; BMI, body mass index; DBP,
impairment; SBP, systolic blood pressure.

diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; PSCI, poststroke cognitive

[ Non-PsCI

I Pscl

koK

Percentage of patients

Figure 2 Percentage of patients in non-PSCI group and PSCI group according to

different vitamin D status.
Note: **P<0.001.

Abbreviations: PSCI, poststroke cognitive impairment; VitD, vitamin D.

vitamin D to a conventional risk factor model could increase
risk prediction for PSCI.

In accordance with the present results, a growing
number of studies have already reported lower vitamin D
levels with cognitive impairment or dementia."*!'7 As far
as we know, studies investigating the possible relationship
between vitamin D levels and the development of cognitive
impairment with acute ischemic stroke were rare. In a cross-
sectional study conducted in Turkey, vitamin D levels were
associated with cognitive impairment in stroke patients in
rehabilitation period.?? It was a study of small sample size and
could not clarify the prospective relationship between vitamin
D and PSCI. On that basis, we carried out the relevant study,
and our research showed that vitamin D deficiency increased
the risk of PSCI by 2.124-fold at 1-month follow-up, suggest-
ing that the serum vitamin D might be a potential predictive
marker for PSCI.

The mechanisms by which serum vitamin D affects
cognitive function after ischemic stroke remain unclear, and
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Table 2 Cox proportional hazards model of the clinical determinants of PSCI

Model I= Model 2*
RR (95% CI) P-value RR (95% CI) P-value
Vitamin D levels
Vitamin D deficiency (<25 nmol/L) 2.243 (1.442-3.448) <0.001 2.124 (1.307-3.449) 0.002
Vitamin D insufficiency (25-50 nmol/L) 1.080 (0.692-1.686) 0.734 1.096 (0.687—1.747) 0.701
Vitamin D sufficiency (>50 nmol/L) Reference Reference
Age, years 1.029 (1.004-1.050) 0.004 1.018 (0.997-1.040) 0.099
Gender, female 2.153 (1.487-3.116) <0.001 1.535 (0.962-2.449) 0.076
Years of education 0.903 (0.855-0.953) <0.001 0.940 (0.884-0.999) 0.047
Current smoking 0.533 (0.329-0.864) 0.011 0.750 (0.431-1.304) 0.308

Notes: *Model |: unadjusted. ®Model 2: adjusted for age, gender, years of education, hypertension, diabetes mellitus, coronary artery disease, current smoking, and lesion

location.

Abbreviations: Cl, confidence interval; PSCI, poststroke cognitive impairment; RR, risk ratio.

growing evidence suggests that vitamin D plays an impor-
tant role in brain health and function.!” Vitamin D exerts
various effects on brain through VDR and the vitamin D
activating enzyme la-hydroxylase, which are broadly pres-
ent in both neurons and glial cells in many areas of human
brain critical for cognition.*>* Vitamin D is involved in
preventing neurodegeneration through several pathways
including antioxidative mechanisms, modulation of immune
response, regulation of calcium homeostasis, inhibition
of pro-inflammatory agents and detoxification.!®12:3433
Calcitriol (1, 25-(OH) 2D3) is the active metabolite of
vitamin D3 and attenuates the production of nitric oxide
through inhibiting the expression of inducible nitric oxide
synthase in the spinal cord and brain.’® High nitric oxide
levels are deemed to participate in inflammatory disorders,
neurodegenerative disorders and neurotoxicity.’’ Besides,
low vitamin D levels are known to affect macrophage
and lymphocyte activity in atherosclerotic plaques and to
facilitate chronic inflammation in the artery wall.’® Ath-
erosclerosis and inflammatory reaction of artery wall play
a pivotal role in the occurrence of cognitive impairment.?’
It is known that vitamin D is inversely associated with
increased cardiovascular (CV) risk itself and CV risk fac-
tors, which are known risk factors for cognitive impairment
and dementia, including arterial hypertension, endothelial
dysfunction and atherosclerosis.** In addition, vitamin D
stimulates neurogenesis and upregulates the synthesis of
several neurotrophin factors important for the survival,
development and functioning of neurons.***! Vitamin D is
considered to be involved in neurophysiology at the level of
gene transcription, in regulating multiple neurotransmitters,
including acetylcholine and dopamine.?*** As a result, in
the case of severe hypovitaminosis D, a reduction of nerve
conduction velocity has been observed.” Therefore, the
findings mentioned above indicate that vitamin D may play
a critical role in the development of PSCI.

However, our study has several limitations. First, patients
with aphasia or a serious condition were excluded, as well
as patients who failed to measure serum levels of vitamin D,
which might lead to an underestimation of the actual inci-
dence of PSCI. Second, serum vitamin D was measured only
once (within first 24 hours after admission), and it is neces-
sary to conduct a further longitudinal study assessing how
vitamin D levels change over time after stroke to provide
better prognostic information. Third, the variable years of
education might impose some bias on the results. In future
studies, we should control the years of studies interval and
focus more on women when defining the inclusion criteria.
Fourth, malnutrition, which could have an influence of vita-
min D levels, is a risk factor for poor outcomes in patients
with acute ischemic stroke.* Our study did not collect infor-
mation on nutritional status, which may influence the results.
Lastly, the information of medications during hospitalization
was not recorded.

Conclusion

In summary, in spite of these limitations, our study demon-
strates an important relationship between serum levels of
vitamin D within 24 hours after admission and the develop-
ment of PSCI at 1 month after stroke. Further prospective
studies and randomized clinical trials are critical in examining
whether supplements of vitamin D offer a potential preven-
tion or therapeutic target for PSCI.

Availability of data and materials
The data supporting this study are available from the cor-
responding author for reasonable request.

Abbreviations

PSCI, poststroke cognitive impairment; CVD, cardiovascular
diseases; VDR, vitamin D receptor; AD, Alzheimer’s disease;
CT, computerized tomography; MRI, magnetic resonance
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imaging; BMI, body mass index; CAD, coronary artery dis-
ease; NIHSS, National Institutes of Health Stroke Scale; BI,
Barthel Index; MMSE, Mini-Mental State Examination.
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