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Abstract: Stroke recurrence significantly improves the prognosis quoad vitam et valetudinem of
patients with a first ischemic or haemorrhagic stroke. Other than in bone and skeletal metabolism,
vitamin D is involved in the pathogenesis of cardiovascular disorders. This meta-analysis was per-
formed to evaluate the relationship between 25OH-vitamin D [25(OH)D] levels at the first stroke
and the stroke recurrence. To 31 July 2022, four prospective studies were identified. The poten-
tial non-linear relationship was evaluated by modelling 25(OH)D, using restricted cubic splines of
25(OH)D distribution. The pooled estimated risk (and 95% CI) of the recurrence of stroke, com-
paring the highest and the lowest levels, was assessed using a random-effect model. A non-linear
association was found by dose-response analysis. This study found that 25(OH)D levels at the first
stroke ≥9.3 ng/mL were associated with a lower risk of stroke recurrence, compared with 25(OH)D
levels ≤8.5 ng/mL. In the pooled analysis, higher 25(OH)D levels at the first stroke significantly
reduce the risk of stroke recurrence, with a significant heterogeneity among studies. In conclusion,
25(OH)D levels ≤8.5 ng/mL at the first stroke are significantly associated with a higher risk of
recurrent stroke.

Keywords: stroke; 25-hydroxy-vitamin D; meta-analysis

1. Introduction
1.1. Stroke: Definition and Epidemiology

A stroke is defined as a neurological deficit caused by an acute focal injury of the
central nervous system, in extenso brain, retina, or spinal cord, and secondary to a vascular
cause [1]. The large majority of strokes (ranging from 60 to 90%, according to regional
stroke epidemiology) are ischemic and are caused by an impaired or absent perfusion
through the blood vessels to the brain. From an etio-pathological point of view, an ischemic
stroke can be caused by an arterial occlusion or, very rarely, by vein thrombosis. In the first
case, ischemic strokes are usually due to arterial occlusion, secondary to cardio-embolic or
endothelial disease. In the second case, an ischemic stroke, secondary to venous infarction,
is linked to the occlusion of cerebral veins or venous sinuses. The remaining strokes
are haemorrhagic and are etio-pathogenetically linked to the rupture of intracerebral or
subarachnoid cerebral arteries.

From an epidemiological point of view, a stroke is a very severe and common event,
and it actually represents the third cause of disability and the second cause of death world-
wide. The absolute number of prevalent and incident cases of stroke registered worldwide
during the calendar year 2019 were over 100 million and 12 million, respectively. During
the calendar year 2019, the disability adjusted life years (DALYs), secondary to stroke, were
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over 143 million; over 6.5 million deaths were due to stroke itself [2,3]. In the United States,
approximately 800,000 individuals suffer from a stroke each year [4], of whom more than
four-fifths are represented by an ischemic stroke and the remaining by a haemorrhagic
stroke [3,4]. Atherosclerosis, arterial hypertension, intracerebral vascular abnormalities,
diabetes mellitus, atrial fibrillation, high body mass index, obesity, and smoking cigarettes
are the most important known risk factors for stroke [4], but the identification of other
possible risk factors is still ongoing. In the past two decades, epidemiological data have
demonstrated a substantial increase in the annual incidence of stroke; in addition, all the
available estimates suggest a notable increase in stroke absolute incidence in the coming
years, linked to the progressive increase in age of the world’s population. The substantial
advances that have occurred in the acute treatment of ischemic strokes in the last 10 years
has, however, guaranteed a significant and constant increase in the absolute number of
patients who have survived a first stroke event. These advances acutely account for the
availability of thrombolysis and/or mechanical thrombectomy in case of an ischemic stroke,
and of an angiography CT scan with embolization in case of a haemorrhagic stroke. In
addition, patients need close monitoring and chronic treatment, such as with anti-platelets
drug or anticoagulants [1,2].

1.2. Stroke Recurrence

The patients that survive a first stroke are at high risk of stroke recurrence. Stoke
recurrence is defined as a sudden functional deterioration in neurological status with a
decrease in the National Institute of Health Stroke Scale (NIHSS) of four or more, or a
new focal neurological deficit of vascular origin that lasts more than 24 h, at least 28 days
after the incident event [5]. The meta-analysis performed by Mohan and colleagues, based
on 13 studies performed before 2009 and involving 9115 stroke survivors, demonstrates
that the pooled cumulative risk of stroke recurrence progressively increases from 3.1% at
30 days to 39.2% at 10 years after the initial stroke [6,7]. These data were substantially
confirmed by a successive, more recent, meta-analysis performed by Lin and colleagues,
which analysed 37 studies published from 2009 to 2019 and involved more than 1 million
subjects [8]. Furthermore, stroke recurrence increases the risk of mortality for stroke and all
cardiovascular causes [9]. Given the above, the prevention of stroke recurrence is extremely
important in these cases. Thus, a regular medical follow-up of patients who have survived
a first stroke is mandatory, in order to prevent the risk of stroke recurrence and death. This
has been made possible by old and new blood biomarkers.

1.3. Vitamin D System

Vitamin D is the name given to a group of lipid-soluble steroidal hormones and
prohormones. The integrity of the vitamin D endocrine system is essential for human
health. The large majority of the vitamin D daily need is synthetized in the skin from
7-dehydrocholesterol upon irradiation by ultraviolet B light (wavelength: 290 to 315 nm).
Besides solar induced production, it can also be found in certain foods, in the form of
ergocalciferol in vegetables and of cholecalciferol in meat. The following activation of
vitamin D from the skin and diet happens in the liver and then in the kidney, through a
process of hydroxylation on the carbon atom at C1 and C25, respectively. By international
convention, the vitamin D status is evaluated measuring the circulating levels of the major
and more stable vitamin D circulating metabolite, the 25-hydroxil-vitamin D [25(OH)D
or calcifediol]; meanwhile, the more active vitamin D metabolite is represented by 1,25
di-hydroxyl-vitamin D3 [1,25(OH)2D3 or calcitriol], which performs its biological functions
by binding to a membrane-bound and cytoplasmic receptor named the vitamin D receptor
(VDR), which can be found in almost all human tissues and cells [10]. In the cell nucleus
and after the heterodimerization with the retinoid X receptor, the VDR transcribes the
target genes located in the deoxyribonucleic acid (DNA), and mediates the genomic effect
of the 1,25(OH)2D3 [11]. In addition, 1,25(OH)2D3 works on a rapid time scale through
non-genomic effects, involving both calcium- and kinase-activated signaling pathways [12].
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Using these two mechanisms, the vitamin D performs both osseous and extra osseous
actions. The significance of the extra osseous interaction between 1,25(OH)2D3-VDR is not
completely defined, but it appears that vitamin D may cooperate with other regulators in
order to operate in the regulation of immune system, in antimicrobial defense, in xenobiotic
detoxification, anti-cancer, in the control of insulin secretion and, possibly, in relation
to cardiovascular benefits [11]. Indeed, despite the fact that vitamin D was historically
known as a key regulator of bone and mineral metabolism, in recent years its possible
pathophysiological role in cardio- and cerebro-vascular disorders has been recognized [6,7].
The mechanisms that explain the physio-pathological link occurring between the vitamin D
system and cardiometabolic disorders are not fully understood. Low 25(OH)D serum levels
increase parathormone (PTH) concentrations, and high PTH levels are a significant risk
factor for cardiovascular and cardiometabolic disorders [13,14]. Zhang et al. [15] reported
that higher 25(OH)D levels are associated with a reduced risk of atrial fibrillation, which
is a significant risk factor for stroke, as above. According to several meta-analyses, low
25(OH)D levels are a significant risk factor for a first stroke occurrence [16–18], but few data
are available regarding the relationship between 25(OH)D levels at the first stroke event
and the risk of stroke recurrence in survivors of a first haemorrhagic or ischemic event [19].
To fill this gap, this meta-analysis, with a dose response analysis, was performed.

2. Materials and Methods
2.1. Data Source and Literature Search

This meta-analysis was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20]. A systematic search
for eligible studies was performed by two independent authors (AV and VA) in PubMed,
Google Scholar, Cochrane, and Google Book databases on 31 July 2022. Search keywords
included “vitamin d”, “stroke”, “cerebrovascular”, and “transient ischemic attack”. All
pertinent studies were screened for duplicated articles. No language restriction was applied.
All studies in languages different from Italian and English were translated by a professional
translator. All selected studies were acquired in full text.

2.2. Study Selection

Three authors (D.R., L.D., F.M.) selected the studies included in this meta-analysis.
They satisfy the following criteria: (i) observational prospective or retrospective study
design; (ii) enrolment of patients with all kinds of first stroke; (iii) the 25(OH)D levels
measured at the onset of symptoms related to the first stroke; (iv) outcome measures,
including stroke recurrence; (v) follow-up duration ≥ 3 months; and (vi) selected studies
must report a multivariable adjusted odds ratio (OR), hazard ratio (HR), or risk ratio (RR)
of the outcomes for the specified category of 25(OH)D.

2.3. Data Extraction and Quality Assessment

Two authors (AV and VA) independently extracted the data from the selected studies
and prepared the database. The extracted data included the following: (a) first author′s last
name, (b) publication year, (c) study design, (d) total number of enrolled patients, (e) gender
distribution, (f) mean age of patients, (g) follow-up duration, (h) 25(OH)D levels at the
first stroke, (i) occurrence of hypertension, (j) type 2 diabetes mellitus, (k) atrial fibrillation,
(l) hypercholesterolemia, (m) smoking habits, (n) stroke recurrence, and (o) mortality rate.
In the case of any missing data, they were acquired from the corresponding author via
mail. The Newcastle–Ottawa Scale (NOS) for cohort′s studies was applied to assess the
quality of the selected studies (www.ohri.ca/programs/clinical_epidemiology/oxford.asp,
accessed on 15 January 2023). The NOS score ranges from 0 to 8 points, where 0 means
the lowest quality level and 8 means the highest quality level. The discrepancies related to
the classification of the studies and to the extracted data, if any, were resolved through a
discussion between AV and VA with DR.

www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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2.4. Statistical Analysis

All data were expressed as absolute numbers for continuous variables and as percent-
ages for dichotomous variables. The assessment for the shape of the association between
25(OH)D levels at the first stroke and the risk of a recurrent stroke was carried out, includ-
ing estimates adjusted for the greatest number of potential confounders. Restricted cubic
splines with three knots at fixed percentiles (10, 50, and 90%) for the distribution of25(OH)D
levels were used to explore the possibility of a non-linear relationship. We performed a
two-stage dose-response random-effects meta-analysis [21], taking into account the correla-
tion between the estimates across the categories of 25(OH)D levels. Next, we carried out
the risk evaluation of the comparison between the highest versus lowest 25(OH)D. Odds
ratios (ORs) and hazard risks (HRs) were extracted from the selected publications, and their
standard errors (SEs) were calculated from the respective 95% confidence intervals (CIs).
The pooled estimated risk (and 95% CI) was assessed using a random-effect model [22].

A specific category for every median 25(OH)D level was attributed to every corre-
sponding estimate. In case the authors did not specify the median or mean 25(OH)D serum
level, the midpoint between the upper and the lower boundary was used. In case the lowest
category was open-ended, the lower boundary of the same was set to 0. Meanwhile, if the
upper boundary of the highest category was left unspecified, we assumed the category to
be of the same amplitude as the precedent one. The Cochrane Q test and the I2 statistic tests
were used to assess the statistical heterogeneity among the selected studies. Funnel plots
were constructed and visually assessed for possible publication bias. In addition, formal
tests (Egger′s and Begg′s tests) were used to explore a potential publication bias. In the
case of significant funnel plot asymmetry, the pooled estimate was recalculated based on
the estimated number of “missing” studies via the “trim and fill” method. All statistical
analyses were performed by L.D. using the Stata Corp. software (version 11.2; College
Station, TX, USA).

3. Results

As reported in Figure 1, after the database search, 71 publications were identified and
screened. After the exclusion of studies not meeting the pre-established inclusion criteria,
four prospective studies [5,23–25], all published between 2016 and 2022, were included in
this meta-analysis.

The studies by Qiu and colleagues [23], by Huang and colleagues [24], and by Ji and
colleagues [25] enrolled patients suffering from an ischemic stroke only, whereas the study
by Li and colleagues enrolled patients with both ischemic and haemorrhagic events [5].
As reported in Table 1, this meta-analysis involves 7717 patients with 496 recurrent events
documented during the follow-up [5,23–25]. Only one study clarifies whether the recurrent
stroke was ischemic or haemorrhagic [5]. In particular, the study by Li and colleagues [5]
counts 250 ischemic recurrent strokes, 87 haemorrhagic recurrent strokes and 51 unspecified
recurrent strokes. The studies by Qiu and colleagues [23], by Huang and colleagues [24],
and by Ji and colleagues [25] were carried out in China [23–25], whereas the study by Li
and colleagues was performed by collecting data from the United Kingdom Biobank [5].
All studies have a prospective observational design.

Male and female participants were recruited by all studies, with a mean age range
of 60.6 to 68 years. The follow-up time ranged from 3 to 86 months. The percentage of
participants with hypertension ranged from 54.2% to 80.1%; the percentage of participants
with diabetes was between 14.7% and 43.1%; and the percentage of participants with atrial
fibrillation ranged between 7.8% and 26.1%. The percentage of smokers was between 16.2%
and 26.4%. The evaluation of the “risk of bias” indicated that all studies were low-risk.
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Figure 1. Stepwise procedure for selection of the studies.

Table 1. Main characteristics of the study populations included in meta-analysis.

Author Year Ref SD P M Age FU HTN T2D AF HCL SM R-S Death NOS

Qiu H 2017 [23] p 220 61.6 65 24 80.1 43.1 25.0 45.8 25.9 40 30.1 8
Ji W 2017 [25] p 277 58.9 65 6 59.6 28.2 22.4 29.2 26.4 31 - 7

Huang H 2016 [24] p 396 58.2 68 3 54.2 32.1 26.1 35.8 18.6 37 11.9 7
Li G 2022 [5] p 6824 59.2 60.6 86 61.9 14.7 7.8 43.9 16.2 388 9.6 7

Author: name of the first author; Year: year of publication; Ref: reference; SD: study design; P: absolute number
of patients; M: percentage of males; Age: mean age expressed in years; FU: duration of follow-up expressed
in months; HTN: percentage of subjects affected by hypertension; T2D: percentage of subjects affected by type
2 diabetes; AF: percentage of subjects affected by atrial fibrillation; HCL: percentage of subjects affected by
hypercholesterolemia; SM: percentage of smoker subjects; R-S: absolute number of subjects with recurrent stroke;
Death: mortality rate; NOS: Newcastle–Ottawa Scale; r: retrospective study.

First, we evaluated the predictive role of 25(OH)D levels in stroke recurrence, compar-
ing the highest and the lowest percentiles. In the pooled analysis, higher 25(OH)D levels at
the first stroke event were associated with a significantly lower risk of stroke recurrence
(estimated risk: 0.26; 95% CI: 0.10 to 0.67; p = 0.005). A significant heterogeneity among
studies was found (p < 0.001, I2 = 93%) (Figure 2).
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Figure 2. Forest plot of the predicting role of 25(OH)D levels on the risk of recurrent stroke [5,23–25].

Study: first author and year of the related study publication. Comparison: level of
25 hydroxy-vitamin D used for comparison. OR: Odds Ratio. HR: Hazard Ratio. 95%
CI: 95% Confidence Intervals. The squares indicate the study-specific risk estimates. The
square size quantifies the study-specific statistical weight; horizontal lines indicate 95% CI;
diamond indicates the overall risk with its 95% CI. Weights are from random effects analysis.

The dose-response evaluation of the association between 25(OH)D levels and the
risk of stroke recurrence was performed, including the prospective studies performed
by Qiu and colleagues [23], by Li and colleagues [5], and by Huang and colleagues [24]:
overall, they include 7440 participants with 465 suffering a recurrent stroke. The study
performed by Ji and colleagues [25] was excluded from the dose-response analysis because
patients were dichotomized according to the 25(OH)D values above or below the lowest
interquartile (12.7 ng/mL).

As depicted in Figure 3, the dose-response analysis demonstrates a non-linear association
between the 25(OH)D levels and the risk of recurrent stroke (p for non-linearity < 0.0001). In
particular, 25(OH)D levels ≥ 9.3 ng/mL were associated with a significantly lower risk of
stroke recurrence, compared with 25(OH)D ≤ 8.5 ng/mL. The estimated lowest risk was
observed at 25(OH)D levels equal to 28.1 ng/mL (estimated risk: 0.57, 95% CI: 0.43 to 0.77).

Figure 3. Dose-response association between vitamin D and the risk of stroke recurrence.

Here, 25(OH)D: vitamin D serum level. The 25OHD was modelled with restricted
cubic splines in a multivariate random-effects dose–response model (solid line). Dashed
lines represent the 95% confidence intervals for the spline model.
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With regard to the identification of a publication′s bias, a visual analysis of the funnel
plot indicated asymmetry (Figure 4), but this was not confirmed by the formal tests (Egger:
p = 0.24, Begg: p = 0.31). The “trim and fill” method did not identify any potentially
missing study.

Figure 4. Funnel plot for all of the included studies. SE: standard error; RR: relative risk.

4. Discussion

The meta-analysis results demonstrated a progressive inverse relationship between
25(OH)D levels and the risk of a recurrent stroke in patients surviving a first haemorrhagic
or ischemic event.

Historically, the “canonical” biological properties of the vitamin D system are physio-
logically linked to the control of calcium-phosphate homeostasis [26]. In effect, interacting
with PTH and Fibroblast Growth Factor 23 (FGF23), the vitamin D system regulates the
functional interaction between the kidneys, the skeleton, the parathyroid glands, and the
gut [26]. Indeed, vitamin D features a negative feedback on PTH and a positive one on
FGF23, fitting into a tri-axis.

Since 1936, however, several studies have demonstrated the additional “non-canonical”
biological properties of the vitamin D system [27,28]. Normal 25(OH)D levels not only
prevent hyperparathyroidism [29], involved in many cardiovascular diseases, but can also
regulate many hormonal systems. Renin secretion in the kidney is downregulated by vita-
min D signalling, and in this way, it suppresses the renin–angiotensin–aldosterone system,
controlling the arterial blood pressure [30,31]. In the peripheral tissue, in particular in
muscle, vitamin D improves the insulin sensitivity, improving glucose cellular metabolism
and in doing so, reducing the glucose-induced oxidative stress [32,33]. In addition, recently,
an association between low 25(OH)D levels and vascular calcifications in humans has been
found, probably related to the role of vitamin D in osteoblast differentiation in the vessel
wall. Vascular calcification is being associated with a reduced elastance and the compro-
mised structural integrity of arterial vessels [34]. Of interest, clinical evidence demonstrates
that low vitamin D levels are associated with dyslipidemia and with the progression of the
atherosclerotic process. Experimental data also proved that the macrophages lacking the
VDR present an increased uptake of cholesterol, causing the formation and progression of
atherosclerotic plaque [35].

Furthermore, the vitamin D system modulates the immune response and the cytokine
biosynthesis [36]. In this way, vitamin D interacts with both the innate and adaptive
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immune system through the binding of the VDR onto immunity cells. This action reduces
inflammatory and autoimmunity responses.

Nowadays, the cardiovascular system is considered to be a non-canonical target for
the vitamin D system; this is because the VDR and the 1-alpha hydroxylase enzyme are
structurally expressed in endothelial and vascular smooth muscle cells and cardiomyocytes,
as well as in macrophages and T-cells [37]. In this way, vitamin D modulates the calcium
cell influx, regulating the strength and contractility of vascular smooth muscle cells. In
addition, it appears to play a role in the modulation of endothelial cell survival and
autophagy [38]. This results in Vitamin D regulation in cell differentiation and growth,
and in a modulation in the inflammatory response; this is involved in the pathogenesis
of atherosclerosis, endothelial dysfunction, damage to the blood–brain barrier, and in the
control of other hormonal systems [28,39–42].

Vitamin D also plays a certain role in reduced drug efficacy in the condition of hypovi-
taminosis. Drugs that interfere with the adenosine diphosphate (ADP)-mediated platelet
aggregation are a first line choice for stroke treatment and for the prevention of recur-
rence [43]. Lower vitamin D levels are also associated with an inadequate inhibition of
ADP-mediated platelet aggregation by clopidogrel and ticagrelor, leaving the patients vul-
nerable to endothelial event recurrence, as in the case of myocardial infarct and stroke [43].
Indeed, a large cohort study proved that male patients with low vitamin D levels and
undergoing elective coronary angiography presented with a multi-vessel involvement and
with more severe coronary artery stenosis [44].

Another connection between Vitamin D and cardiovascular health can be found in
the ubiquitous expression of both the VDR and the 1-alfa-hydroxylase enzyme. This can
be found in several cell types, including cardiomyocytes, endothelial cells, pericytes, and
smooth-muscular cells [45,46]. In addition, VDR gene polymorphisms have been linked to
stent restenosis following percutaneous coronary intervention [47]. One can assume that
this can also play a role in the physio-pathological mechanism of the recurrence of strokes.

In addition, a study by Hagström and colleagues reported a statistically significant
association between higher PTH concentrations and cardiovascular death among older
Swedish men, also suggesting that a high PTH may be associated with cardiovascular
events [48].

For all these reasons, the role of vitamin D in the pathogenesis of cardiometabolic
disorders, including stroke, is proposed [49,50]: vitamin D deficiency is finally considered
to be a significant risk factor for chronic degenerative and cardiometabolic disorders [51].

Several studies demonstrated a significant relationship between low 25(OH)D levels
and mortality for all-cause and for cardiovascular disease [31,52]. In this scenario, however,
the VITAL study results demonstrate that the indiscriminate supplementation of vitamin D
is not useful for the primary prevention of cardiovascular diseases, although it significantly
improves the prognosis quoad vitam et valetudinem of patients with cancer [53]. In this
regard, it should be highlighted that most of the participants in large vitamin D randomized
controlled trials have high 25(OH)D levels and that the baseline 25(OH)D is not taken into
account [54,55].

Our dose-response analysis for the first time establishes a non-linear association
between 25(OH)D levels and the recurrence of a stroke, with an unfavourable association
between low 25(OH)D levels and the risk of recurrent events in patients surviving a first
stroke. In particular, patients who survived a stroke with 25(OH)D levels equal or higher
than 9.3 ng/mL at the time of the first stroke have a significantly lower risk of stroke
recurrence, compared to patients with very low levels. Recently, there has been a large
debate involving several scientific societies about the levels of 25(OH)D and their indication
of a deficiency state [10,56–58].

Nowadays, 25(OH)D levels lower than 10 ng/mL are recognized by all international
scientific societies as insufficient and requiring specific treatment to guarantee an optimal
calcium intake and normal PTH serum levels [59]. Conversely, there is reasonable evidence
that 25(OH)D levels equal or higher than 30 ng/mL reduce the risk of several, multifactorial,
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and complex diseases [59]. Nevertheless, our results are supported by genetic mendelian
randomized studies [60].

A growing body of experimental and clinical evidence indicates that the vitamin D
biological system plays a pivotal role in brain development during infancy and adolescence,
and in the maintenance of brain functions in adulthood [12]. In addition, vitamin D plays a
neuroprotective role against age-related brain degeneration. Experimental data indicate that
both 25(OH)D and 1,25(OH)2D3 cross the blood–brain barrier. In addition, 1 alfa hydroxylase
and Cytochrome P450 Family 24 Subfamily A Member 1 (CYP24A1), a key enzyme for
vitamin D catabolism, are expressed in the neurons and glia cells of the human fetal and adult
brain [12]. These observations strongly suggest that 1,25(OH)2D3 can be also synthetized
and metabolized locally in the central nervous system. Both the genomic and non-genomic
actions of vitamin D are likely to influence brain development, function and maintenance.
The VDR is widely distributed in different zones of the human brain, and mediates the
genomic and non-genomic actions of vitamin D. In the developing brain, vitamin D, via its
genomic actions, regulates neural stem cell proliferation and differentiation, dopaminergic
neuron development, and oligodendrocyte differentiation [12]. In the adult brain, always via
its genomic actions, vitamin D modulates both the hippocampal neurogenesis and the release
of neurotransmitters, such as the inhibitory neurotransmitter gamma-aminobutyric acid
(GABA) and dopamine. In the aged brain, the neuroprotective role of vitamin D is linked to
the increased expression of multiple neurotrophic factors, such as the nerve growth factor,
the glia-derived neurotrophic factor, and neurotrophin-3 and neurotrophin-4. Furthermore,
vitamin D is also a regulator of age-related inflammation, reducing the production of
interleukin-2, interleukin-10, interleukin-12, and interleukin-1b [12].

In the end, one can speculate that vitamin D is essential to the cellular brain survival.

Study Strengths and Limitations

Our meta-analysis suffers from a major limitation: there are few studies and, moreover,
these are heterogeneous. The heterogeneity of the selected studies is caused by differences in
the follow-up duration, the different cut-off of 25(OH)D levels and the different definitions
of stroke type or outcome. Furthermore, the studies selected for this meta-analysis consider
only 25(OH)D levels, without considering nutritional supplementation and solar ultra-
violet B exposure, outperformed by genetic mendelian randomized studies [46,52,60,61].
In turn, the heterogeneity is tempered because three of the selected studies were conducted
in the same country (China), and only one enrolled patients from the United Kingdom.

On the other hand, the strict selection criteria and dose response analysis are our major
strengths. In particular, the dose response analysis is functional to partially overcome
the study limitations and to provide new and intriguing data. In this way, we provided
clinicians with a new and additional tool for the better follow-up of patients that had
already had a first stroke event.

5. Conclusions

In conclusion, the results of this meta-analysis demonstrate that stroke patients with
low 25(OH)D levels at the first event have an increased risk of stroke recurrence. In addition,
the results of the dose-response analysis demonstrate that the risk of stroke recurrence
decreases progressively with an increase in 25(OH)D levels: the estimated highest and
lowest risk were observed at 25(OH)D levels lower or equal to 8.5 ng/mL and equal to
28.1 ng/mL, respectively. As observational studies do not allow the establishment of
cause–effect relationships, our results will need further randomized controlled trials in
order to establish the cut-off 25(OH)D levels in patients that have already experienced a
first stroke. In addition, future prospective studies will help to define the independent role
of vitamin D in the management of patients suffering from several unrelated conditions,
that cooperate in the recurrence of a stroke.



Nutrients 2023, 15, 512 10 of 12

Author Contributions: Conceptualization, D.R., L.D. and F.M.; methodology, D.R. and L.D.; software,
A.V. and V.A.; validation, D.R., L.D., F.M. and P.S.; formal analysis, L.D.; investigation, D.R., A.V. and
V.A.; resources, D.R.; data curation, D.R., F.M. and R.I.; writing—original draft preparation, D.R., A.V.
and V.A.; writing—review and editing, A.V., S.T. and A.F.Z.; visualization, D.R., L.D., G.D.F., V.A.
and A.V.; supervision, F.M. and P.S.; project administration, D.R. and L.D. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Campbell, B.C.V.; Khatri, P. Stroke. Lancet 2020, 396, 129–142. [CrossRef] [PubMed]
2. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990–2019: A systematic

analysis for the Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef]
3. Virani, S.S.; Alonso, A.; Aparicio, H.J.; Benjamin, E.J.; Bittencourt, M.S.; Callaway, C.W.; Carson, A.P.; Chamberlain, A.M.;

Cheng, S.; Delling, F.N.; et al. American Heart Association Council on Epidemiology and Prevention Statistics Committee and
Stroke Statistics Subcommittee. Heart Disease and Stroke Statistics-2021 Update: A Report from the American Heart Association.
Circulation 2021, 143, e254–e743. [CrossRef]

4. Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N.;
Kittner, S.J.; Leira, E.C.; et al. 2021 Guideline for the Prevention of Stroke in Patients with Stroke and Transient Ischemic Attack: A
Guideline From the American Heart Association/American Stroke Association. Stroke 2021, 52, e364–e467. [CrossRef] [PubMed]

5. Li, G.; Li, L.; Adachi, J.D.; Wang, R.; Ye, Z.; Liu, X.; Thabane, L.; Lip, G. Relationship between Serum 25-Hydroxyvitamin D Level
and Risk of Recurrent Stroke. Nutrients 2022, 14, 1908. [CrossRef] [PubMed]

6. Flach, C.; Muruet, W.; Wolfe, C.; Bhalla, A.; Douiri, A. Risk and Secondary Prevention of Stroke Recurrence: A Population-Base
Cohort Study. Stroke 2020, 51, 2435–2444. [CrossRef] [PubMed]

7. Mohan, K.M.; Wolfe, C.D.; Rudd, A.G.; Heuschmann, P.U.; Kolominsky-Rabas, P.L.; Grieve, A.P. Risk and cumulative risk of
stroke recurrence: A systematic review and meta-analysis. Stroke 2011, 42, 1489–1494. [CrossRef]

8. Lin, B.; Zhang, Z.; Mei, Y.; Wang, C.; Xu, H.; Liu, L.; Wang, W. Cumulative risk of stroke recurrence over the last 10 years: A
systematic review and meta-analysis. Neurol. Sci. 2021, 42, 61–71. [CrossRef]

9. Khanevski, A.N.; Bjerkreim, A.T.; Novotny, V.; Naess, H.; Thomassen, L.; Logallo, N.; Kvistad, C.E.; NOR-STROKE Study Group.
Recurrent ischemic stroke: Incidence, predictors, and impact on mortality. Acta Neurol. Scand. 2019, 140, 3–8. [CrossRef]

10. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Hassan Murad, M.; Weaver, C.M.
Evaluation, Treatment, and Prevention of Vitamin D Deficiency: An Endocrine Society Clinical Practice Guideline. J. Clin.
Endocrinol. Metab. 2011, 96, 1911–1930. [CrossRef]

11. Haussler, M.R.; Haussler, C.A.; Bartik, L.; Whitfield, G.K.; Hsieh, J.C.; Slater, S.; Jurutka, P.W. Vitamin D receptor: Molecular
signaling and actions of nutritional ligands in disease prevention. Nutr. Rev. 2008, 66, S98–S112. [CrossRef] [PubMed]

12. Cui, X.; Gooch, H.; Petty, A.; McGrath, J.J.; Eyles, D. Vitamin D and the brain: Genomic and non-genomic actions. Mol. Cell
Endocrinol. 2017, 453, 131–143. [CrossRef] [PubMed]

13. Deo, R.; Katz, R.; Shlipak, M.G.; Sotoodehnia, N.; Psaty, B.M.; Sarnak, M.J.; Fried, L.F.; Chonchol, M.; de Boer, I.H.; Enquobahrie,
D.; et al. Vitamin D, parathyroid hormone, and sudden cardiac death: Results from the Cardiovascular Health Study. Hypertension
2011, 58, 1021–1028. [CrossRef] [PubMed]

14. Valcour, A.; Blocki, F.; Hawkins, D.M.; Rao, S.D. Effects of age and serum 25-OH-vitamin D on serum parathyroid hormone levels.
J. Clin. Endocrinol. Metab. 2012, 97, 3989–3995. [CrossRef]

15. Zhang, Z.; Yang, Y.; Ng, C.Y.; Wang, D.; Wang, J.; Li, G.; Liu, T. Meta-analysis of Vitamin D Deficiency and Risk of Atrial
Fibrillation. Clin. Cardiol. 2016, 39, 537–543. [CrossRef]

16. Brøndum-Jacobsen, P.; Nordestgaard, B.G.; Schnohr, P.; Benn, M. 25-hydroxyvitamin D and symptomatic ischemic stroke: An
original study and meta-analysis. Ann. Neurol. 2013, 73, 38–47. [CrossRef]

17. Zhou, R.; Wang, M.; Huang, H.; Li, W.; Hu, Y.; Wu, T. Lower Vitamin D Status Is Associated with an Increased Risk of Ischemic
Stroke: A Systematic Review and Meta-Analysis. Nutrients 2018, 10, 277. [CrossRef]

18. Su, C.; Jin, B.; Xia, H.; Zhao, K. Association between Vitamin D and Risk of Stroke: A PRISMA-Compliant Systematic Review and
Meta-Analysis. Eur. Neurol. 2021, 84, 399–408. [CrossRef]

19. Liu, H.; Wang, J.; Xu, Z. Prognostic utility of serum 25-hydroxyvitamin D in patients with stroke: A meta-analysis. J. Neurol.
2020, 267, 3177–3186. [CrossRef]

http://doi.org/10.1016/S0140-6736(20)31179-X
http://www.ncbi.nlm.nih.gov/pubmed/32653056
http://doi.org/10.1016/S1474-4422(21)00252-0
http://doi.org/10.1161/CIR.0000000000000950
http://doi.org/10.1161/STR.0000000000000375
http://www.ncbi.nlm.nih.gov/pubmed/34024117
http://doi.org/10.3390/nu14091908
http://www.ncbi.nlm.nih.gov/pubmed/35565874
http://doi.org/10.1161/STROKEAHA.120.028992
http://www.ncbi.nlm.nih.gov/pubmed/32646337
http://doi.org/10.1161/STROKEAHA.110.602615
http://doi.org/10.1007/s10072-020-04797-5
http://doi.org/10.1111/ane.13093
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1111/j.1753-4887.2008.00093.x
http://www.ncbi.nlm.nih.gov/pubmed/18844852
http://doi.org/10.1016/j.mce.2017.05.035
http://www.ncbi.nlm.nih.gov/pubmed/28579120
http://doi.org/10.1161/HYPERTENSIONAHA.111.179135
http://www.ncbi.nlm.nih.gov/pubmed/22068871
http://doi.org/10.1210/jc.2012-2276
http://doi.org/10.1002/clc.22563
http://doi.org/10.1002/ana.23738
http://doi.org/10.3390/nu10030277
http://doi.org/10.1159/000517584
http://doi.org/10.1007/s00415-019-09599-0


Nutrients 2023, 15, 512 11 of 12

20. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [CrossRef]

21. Greenland, S.; Longnecker, M.P. Methods for trend estimation from summarized dose-response data, with applications to
meta-analysis. Am. J. Epidemiol. 1992, 135, 1301. [CrossRef] [PubMed]

22. DerSimonian, R.; Laird, N. Meta-analysis in clinical trials revisited. Contemp. Clin. Trials 2015, 45, 139–145. [CrossRef]
23. Qiu, H.; Wang, M.; Mi, D.; Zhao, J.; Tu, W.; Liu, Q. Vitamin D Status and the Risk of Recurrent Stroke and Mortality in Ischemic

Stroke Patients: Data from a 24-Month Follow-Up Study in China. J. Nutr. Health Aging 2017, 21, 766–771. [CrossRef]
24. Huang, H.; Zheng, T.; Wang, S.; Wei, L.; Wang, Q.; Sun, Z. Serum 25-hydroxyvitamin D predicts early recurrent stroke in ischemic

stroke patients. Nutr. Metab. Cardiovasc. Dis. 2016, 26, 908–914. [CrossRef]
25. Ji, W.; Zhou, H.; Wang, S.; Cheng, L.; Fang, Y. Low Serum Levels of 25-Hydroxyvitamin D Are Associated with Stroke Recurrence

and Poor Functional Outcomes in Patients with Ischemic Stroke. J. Nutr. Health Aging 2017, 21, 892–896. [CrossRef] [PubMed]
26. Brown, A.J.; Dusso, A.; Slatopolsky, E. Vitamin D. Am. J. Physiol. 1999, 277, F157–F175. [CrossRef]
27. Tonney, F.O. Vitamin D in Child Health. Am. J. Public Health Nations Health 1936, 26, 665–671. [CrossRef]
28. Dusso, A.S.; Brown, A.J.; Slatopolsky, E. Vitamin D. Am. J. Physiol. Renal Physiol. 2005, 289, F8–F28. [CrossRef]
29. Thomas, M.K.; Lloyd-Jones, D.M.; Thadhani, R.I.; Shaw, A.C.; Deraska, D.J.; Kitch, B.T.; Vamvakas, E.C.; Dick, I.M.; Prince, R.L.;

Finkelstein, J.S. Hypovitaminosis D in medical inpatients. N. Engl. J. Med. 1998, 338, 777–783. [CrossRef] [PubMed]
30. Pilz, S.; Tomaschitz, A.; Ritz, E.; Pieber, T.R. Vitamin D status and arterial hypertension: A systematic review. Nat. Rev. Cardiol.

2009, 6, 621–630. [CrossRef] [PubMed]
31. Mirhosseini, N.; Vatanparast, H.; Kimball, S.M. The Association between Serum 25(OH)D Status and Blood Pressure in Participants

of a Community-Based Program Taking Vitamin D Supplements. Nutrients 2017, 9, 1244. [CrossRef] [PubMed]
32. Pittas, A.G.; Dawson-Hughes, B. Vitamin D and diabetes. J. Steroid. Biochem. Mol. Biol. 2010, 121, 425–429. [CrossRef] [PubMed]
33. Dawson-Hughes, B.; Staten, M.A.; Knowler, W.C.; Nelson, J.; Vickery, E.M.; LeBlanc, E.S.; Neff, L.M.; Park, J.; Pittas, A.G.; D2d

Research Group. Intratrial Exposure to Vitamin D and New-Onset Diabetes Among Adults with Prediabetes: A Secondary
Analysis from the Vitamin D and Type 2 Diabetes (D2d) Study. Diabetes Care 2020, 43, 2916–2922. [CrossRef] [PubMed]

34. Schmidt, N.; Brandsch, C.; Kühne, H.; Thiele, A.; Hirche, F.; Stangl, G.I. Vitamin D receptor deficiency and low vitamin D diet
stimulate aortic calcification and osteogenic key factor expression in mice. PLoS ONE 2012, 7, e35316. [CrossRef]

35. Surdu, A.M.; Pînzariu, O.; Ciobanu, D.M.; Negru, A.G.; Căinap, S.S.; Lazea, C.; Iacob, D.; Săraci, G.; Tirinescu, D.; Borda, I.M.; et al.
Vitamin D and Its Role in the Lipid Metabolism and the Development of Atherosclerosis. Biomedicines 2021, 9, 172. [CrossRef]
[PubMed]

36. Hewison, M. Vitamin D and the immune system: New perspectives on an old theme. Endocrinol. Metab. Clin. N. Am. 2010, 39, 365–379.
[CrossRef]

37. Muscogiuri, G.; Annweiler, C.; Duval, G.; Karras, S.; Tirabassi, G.; Salvio, G.; Balercia, G.; Kimball, S.; Kotsa, K.; Mascitelli, L.; et al.
Vitamin D and cardiovascular disease: From atherosclerosis to myocardial infarction and stroke. Int. J. Cardiol. 2017, 230, 577–584.
[CrossRef]

38. Uberti, F.; Lattuada, D.; Morsanuto, V.; Nava, U.; Bolis, G.; Vacca, G.; Squarzanti, D.F.; Cisari, C.; Molinari, C. Vitamin D protects human
endothelial cells from oxidative stress through the autophagic and survival pathways. J. Clin. Endocrinol. Metab. 2014, 99, 1367–1374.
[CrossRef]

39. Holick, M.F. Vitamin D deficiency. N Engl. J. Med. 2007, 357, 266–281. [CrossRef] [PubMed]
40. Ashouri, R.; Fangman, M.; Brielmaier, J.; Fields, Z.A.; Campo, N.; Doré, S. Nutritional Supplementation of Naturally Occurring

Vitamin D to Improve Hemorrhagic Stroke Outcomes. Front. Neurol. 2021, 12, 670245. [CrossRef] [PubMed]
41. Charoenngam, N.; Holick, M.F. Immunologic Effects of Vitamin D on Human Health and Disease. Nutrients 2020, 12, 2097.

[CrossRef]
42. Charoenngam, N.; Shirvani, A.; Holick, M.F. Vitamin D for skeletal and non-skeletal health: What we should know. J. Clin. Orthop.

Trauma 2019, 10, 1082–1093. [CrossRef] [PubMed]
43. Verdoia, M.; Pergolini, P.; Rolla, R.; Sartori, C.; Nardin, M.; Schaffer, A.; Barbieri, L.; Daffara, V.; Marino, P.; Bellomo, G.; et al.

Vitamin D levels and high-residual platelet reactivity in patients receiving dual antiplatelet therapy with clopidogrel or ticagrelor.
Platelets 2016, 27, 576–582. [CrossRef] [PubMed]

44. Giovannucci, E.; Liu, Y.; Hollis, B.W.; Rimm, E.B. 25-hydroxyvitamin D and risk of myocardial infarction in men: A prospective
study. Arch. Intern. Med. 2008, 168, 1174–1180. [CrossRef]

45. Nibbelink, K.A.; Tishkoff, D.X.; Hershey, S.D.; Rahman, A.; Simpson, R.U. 1,25(OH)2-vitamin D3 actions on cell proliferation,
size, gene expression, and receptor localization, in the HL-1 cardiac myocyte. J. Steroid. Biochem. Mol. Biol. 2007, 103, 533–537.
[CrossRef]

46. Zhou, A.; Selvanayagam, J.B.; Hyppönen, E. Non-linear Mendelian randomization analyses support a role for vitamin D deficiency
in cardiovascular disease risk. Eur. Heart J. 2022, 43, 1731–1739. [CrossRef]

47. Monraats, P.S.; Fang, Y.; Pons, D.; Pires, N.M.; Pols, H.A.; Zwinderman, A.H.; de Maat, M.P.; Doevendans, P.A.; DeWinter, R.J.;
Tio, R.A.; et al. Vitamin D receptor: A new risk marker for clinical restenosis after percutaneous coronary intervention. Expert
Opin. Ther. Targets 2010, 14, 243–251. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jclinepi.2009.06.006
http://doi.org/10.1093/oxfordjournals.aje.a116237
http://www.ncbi.nlm.nih.gov/pubmed/1626547
http://doi.org/10.1016/j.cct.2015.09.002
http://doi.org/10.1007/s12603-016-0821-z
http://doi.org/10.1016/j.numecd.2016.06.009
http://doi.org/10.1007/s12603-016-0846-3
http://www.ncbi.nlm.nih.gov/pubmed/28972241
http://doi.org/10.1152/ajprenal.1999.277.2.F157
http://doi.org/10.2105/AJPH.26.7.665
http://doi.org/10.1152/ajprenal.00336.2004
http://doi.org/10.1056/NEJM199803193381201
http://www.ncbi.nlm.nih.gov/pubmed/9504937
http://doi.org/10.1038/nrcardio.2009.135
http://www.ncbi.nlm.nih.gov/pubmed/19687790
http://doi.org/10.3390/nu9111244
http://www.ncbi.nlm.nih.gov/pubmed/29135923
http://doi.org/10.1016/j.jsbmb.2010.03.042
http://www.ncbi.nlm.nih.gov/pubmed/20304061
http://doi.org/10.2337/dc20-1765
http://www.ncbi.nlm.nih.gov/pubmed/33020052
http://doi.org/10.1371/journal.pone.0035316
http://doi.org/10.3390/biomedicines9020172
http://www.ncbi.nlm.nih.gov/pubmed/33572397
http://doi.org/10.1016/j.ecl.2010.02.010
http://doi.org/10.1016/j.ijcard.2016.12.053
http://doi.org/10.1210/jc.2013-2103
http://doi.org/10.1056/NEJMra070553
http://www.ncbi.nlm.nih.gov/pubmed/17634462
http://doi.org/10.3389/fneur.2021.670245
http://www.ncbi.nlm.nih.gov/pubmed/34393969
http://doi.org/10.3390/nu12072097
http://doi.org/10.1016/j.jcot.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31708633
http://doi.org/10.3109/09537104.2016.1149159
http://www.ncbi.nlm.nih.gov/pubmed/27540959
http://doi.org/10.1001/archinte.168.11.1174
http://doi.org/10.1016/j.jsbmb.2006.12.099
http://doi.org/10.1093/eurheartj/ehab809
http://doi.org/10.1517/14728220903520929
http://www.ncbi.nlm.nih.gov/pubmed/20095921


Nutrients 2023, 15, 512 12 of 12

48. Hagström, E.; Hellman, P.; Larsson, T.E.; Ingelsson, E.; Berglund, L.; Sundström, J.; Melhus, H.; Held, C.; Lind, L.;
Michaëlsson, K.; et al. Plasma parathyroid hormone and the risk of cardiovascular mortality in the community. Circulation
2009, 119, 2765–2771. [CrossRef] [PubMed]

49. Cortese, F.; Costantino, M.F.; Luzi, G.; Di Marino, S.; Giordano, P.; Monitillo, F. Vitamin D and cardiovascular disease risk. A
literature overview. Mol. Biol. Rep. 2022, 49, 8925–8942. [CrossRef] [PubMed]

50. Rendina, D.; De Filippo, G.; Muscariello, R.; De Palma, D.; Fiengo, A.; De Pascale, F.; Strazzullo, P. Vitamin D and cardiometabolic
disorders. High Blood Press. Cardiovasc. Prev. 2014, 21, 251–256. [CrossRef] [PubMed]

51. Holick, M.F. High prevalence of vitamin D inadequacy and implications for health. Mayo Clin. Proc. 2006, 81, 353–373. [CrossRef]
52. Sutherland, J.P.; Zhou, A.; Hyppönen, E. Vitamin D Deficiency Increases Mortality Risk in the UK Biobank: A Nonlinear

Mendelian Randomization Study. Ann. Intern. Med. 2022, 175, 1552–1559. [CrossRef] [PubMed]
53. Manson, J.E.; Cook, N.R.; Lee, I.M.; Christen, W.; Bassuk, S.S.; Mora, S.; Gibson, H.; Gordon, D.; Copeland, T.; D’Agostino, D.; et al.

Vitamin D Supplements and Prevention of Cancer and Cardiovascular Disease. N. Engl. J. Med. 2019, 380, 33–44. [CrossRef]
54. Pilz, S.; Zittermann, A.; Trummer, C.; Theiler-Schwetz, V.; Lerchbaum, E.; Keppel, M.H.; Grübler, M.R.; März, W.; Pandis, M.

Vitamin D testing and treatment: A narrative review of current evidence. Endocr. Connect 2019, 8, R27–R43. [CrossRef]
55. Pilz, S.; Trummer, C.; Theiler-Schwetz, V.; Grübler, M.R.; Verheyen, N.D.; Odler, B.; Karras, S.N.; Zittermann, A.; März, W. Critical

Appraisal of Large Vitamin D Randomized Controlled Trials. Nutrients 2022, 14, 303. [CrossRef]
56. Gaksch, M.; Jorde, R.; Grimnes, G.; Joakimsen, R.; Schirmer, H.; Wilsgaard, T.; Mathiesen, E.B.; Njølstad, I.; Løchen, M.L.;

März, W.; et al. Vitamin D and mortality: Individual participant data meta-analysis of standardized 25-hydroxyvitamin D in
26916 individuals from a European consortium. PLoS ONE 2017, 12, e0170791. [CrossRef] [PubMed]

57. Ross, A.C.; Taylor, C.L.; Yaktine, A.L.; Del Valle, H.B. Institute of Medicine (US) Committee to Review Dietary Reference Intakes for
Vitamin D and Calcium. In Dietary Reference Intakes for Calcium and Vitamin D; National Academies Press: Washington, DC, USA, 2011.

58. Pludowski, P.; Takacs, I.; Boyanov, M.; Belaya, Z.; Diaconu, C.C.; Mokhort, T.; Zherdova, N.; Rasa, I.; Payer, J.; Pilz, S. Clinical
Practice in the Prevention, Diagnosis and Treatment of Vitamin D Deficiency: A Central and Eastern European Expert Consensus
Statement. Nutrients 2022, 14, 1483. [CrossRef] [PubMed]

59. Bouillon, R.; Carmeliet, G. Vitamin D insufficiency: Definition, diagnosis and management. Best Pract. Res. Clin. Endocrinol.
Metab. 2018, 32, 669–684. [CrossRef]

60. Chan, Y.H.; Schooling, C.M.; Zhao, J.; Au Yeung, S.L.; Hai, J.J.; Thomas, G.N.; Cheng, K.K.; Jiang, C.Q.; Wong, Y.K.; Au, K.W.; et al.
Mendelian Randomization Focused Analysis of Vitamin D on the Secondary Prevention of Ischemic Stroke. Stroke 2021, 52, 3926–3937.
[CrossRef]

61. Hyppönen, E.; Vimaleswaran, K.S.; Zhou, A. Genetic Determinants of 25-Hydroxyvitamin D Concentrations and Their Relevance
to Public Health. Nutrients 2022, 14, 4408. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1161/CIRCULATIONAHA.108.808733
http://www.ncbi.nlm.nih.gov/pubmed/19451355
http://doi.org/10.1007/s11033-022-07373-6
http://www.ncbi.nlm.nih.gov/pubmed/35364717
http://doi.org/10.1007/s40292-014-0060-5
http://www.ncbi.nlm.nih.gov/pubmed/25200767
http://doi.org/10.4065/81.3.353
http://doi.org/10.7326/M21-3324
http://www.ncbi.nlm.nih.gov/pubmed/36279545
http://doi.org/10.1056/NEJMoa1809944
http://doi.org/10.1530/EC-18-0432
http://doi.org/10.3390/nu14020303
http://doi.org/10.1371/journal.pone.0170791
http://www.ncbi.nlm.nih.gov/pubmed/28207791
http://doi.org/10.3390/nu14071483
http://www.ncbi.nlm.nih.gov/pubmed/35406098
http://doi.org/10.1016/j.beem.2018.09.014
http://doi.org/10.1161/STROKEAHA.120.032634
http://doi.org/10.3390/nu14204408

	Introduction 
	Stroke: Definition and Epidemiology 
	Stroke Recurrence 
	Vitamin D System 

	Materials and Methods 
	Data Source and Literature Search 
	Study Selection 
	Data Extraction and Quality Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

