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The Role of Calcitriol (Vitamin D) as Neuroprotection and
Prognostic Biomarker in Patients With Ischemic
and Hemorrhagic Stroke
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Abstract

Background: Stroke is a leading cause of long-term neurological dis-
ability, significantly impacting global morbidity and mortality. Vita-
min D supplementation shows neuroprotective potential, yet research
on its effects and role as a prognostic biomarker in stroke patients
remains limited.

Methods: This systematic review and meta-analysis followed Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. We searched Google Scholar, PubMed, and
Scopus for studies assessing vitamin D’s neuroprotective effects,
measured by standardized mean difference (SMD) with a 95% confi-
dence interval (CI). We also evaluated vitamin D levels as a biomark-
er for stroke prognosis using odds ratio (OR) with a 95% CI. Out of
3,171 identified articles, 23 relevant studies involving 4,911 patients
with ischemic and hemorrhagic strokes were included.

Results: The analysis indicated that vitamin D supplementation
significantly improved neurological function (SMD, 0.63; 95% CI,
0.31-0.95; P = 0.0001) for both high-dose intramuscular injections
and low-dose oral supplementation given daily or weekly. Addition-
ally, low vitamin D levels were associated with stroke severity (OR,
3.44; 95% CI, 1.84-6.44; P < 0.0001), suggesting that vitamin D lev-
els have potential as a prognostic biomarker.

Conclusion: These findings underscore the importance of vitamin D
as an additional therapeutic strategy in stroke management. Despite
the heterogeneity in the analysis, the results support the need for fur-
ther research to determine the optimal dosage and to understand the
effects of comorbidities. Additionally, the development of evidence-
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based clinical practice guidelines is necessary for the implementation
of vitamin D administration in stroke rehabilitation.
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Introduction

As one of the most urgent medical conditions, stroke is a leading
cause of neurological disability and a major contributor to global
morbidity and mortality, requiring substantial attention in both re-
search and preventive strategies. According to the World Health
Organization (WHO), stroke was the third leading cause of death
and disability worldwide in 2021, with 11.9 million new cases
and 93.8 million people living with stroke globally [1]. Epidemi-
ological data further demonstrate the substantial burden of cere-
brovascular disease. The cumulative incidence of stroke has been
reported as 218 per 100,000 population in males (95% confidence
interval (CI), 214-221) and 127 per 100,000 in females (95%
CI, 125-128), highlighting significant sex-related differences in
stroke incidence [2]. Stroke remains a major cause of death and
long-term disability worldwide, underscoring the urgent need for
effective preventive and therapeutic interventions [3].

One intervention of particular interest is vitamin D sup-
plementation, which has been increasingly recognized for its
potential neuroprotective effects [3]. Vitamin D is involved in
modulating cognitive function, neurotrophic signaling path-
ways, and mechanisms that reduce oxidative stress and inflam-
mation processes that play a critical role in neuronal injury
following stroke [4]. Notably, the prevalence of vitamin D de-
ficiency has been reported to reach up to 71% among stroke
patients and has been associated with greater stroke severity
and poorer functional outcomes [5, 6]. Therefore, this study
aims to evaluate the neuroprotective effects of vitamin D sup-
plementation and its potential role as a prognostic biomarker in
patients with ischemic and hemorrhagic stroke.

Materials and Methods

Study design

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
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Figure 1. Flow diagram of the study selection process for articles included in the systematic review and meta-analysis.

Reviews and Meta-Analyses (PRISMA) guidelines. To en-
sure methodological transparency and integrity, the study has
been registered with PROSPERO under registration number
CRD42024600826, indicating that the protocol for this sys-
tematic review has been documented and verified.

Research ethics

As this study is a systematic review and does not involve the
collection of primary data from human subjects, ethical ap-
proval from a review board was not necessary.

Data sources and literature search

Two independent reviewers conducted the article search using

Google Scholar, PubMed, and Scopus databases. The search
included all articles published from the inception of each da-
tabase up to September 23, 2024. The search terms used were
(“vitamin D” OR “calcitriol”) AND (“neuroprotective effect”
OR “neuroprotection” OR “neuroprotective efficacy”’) AND
(“stroke” OR “ischemic stroke” OR “hemorrhagic stroke”).
This search was limited to studies evaluating the neuroprotec-
tive effects and potential prognostic value of vitamin D in pa-
tients with ischemic and hemorrhagic stroke (Fig. 1).

Study selection criteria and quality assessment

The inclusion criteria for this study were established based
on the following conditions: 1) adult patients suffering from
ischemic or hemorrhagic stroke, with a National Institutes of
Health Stroke Scale (NIHSS) score greater than 5, confirmed
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by findings of infarction or hemorrhage in the brain identi-
fied by a neurologist through computed tomography; 2) one
episode of focal neurological deficit with acute onset, lasting
more than 24 h; 3) patients admitted within the last 24 h af-
ter being diagnosed with ischemic or hemorrhagic stroke and
having vitamin D deficiency (serum 25-OH vitamin D < 30
ng/mL). Patients were excluded from the study if they had a
history of acute or chronic renal failure (creatinine clearance
< 30 mL/min/1.73 m?), liver failure, secondary stroke due to
neuroinfection, cancer, trauma, previous stroke, premorbid
disability, or neurological disorders such as dementia, Alzhei-
mer’s disease, multiple sclerosis, or Parkinson’s disease. Two
authors independently reviewed the titles and abstracts. In cas-
es of disagreement between reviewers, consultation was con-
ducted to reach a final decision. The risk of bias was assessed
using the Cochrane risk of bias 2 (ROB-2) tool for studies with
a randomized controlled trial design to evaluate the methodo-
logical quality of the eligible articles. Additionally, the risk of
bias in non-randomized studies of interventions (ROBINS-I)
tool was used to assess the risk of bias in the effectiveness or
safety (benefit or harm) of interventions in non-randomized
studies. Any discrepancies in data extraction or quality assess-
ment were resolved through discussion.

Data extraction

Two independent authors performed the data extraction pro-
cess. Data collection was conducted by organizing the follow-
ing variables: first author, year of publication, study location,
sample size, study design, diagnosis, stroke assessment, serum
vitamin D levels, intervention regimen, control regimen, and
tools for assessing neurological clinical improvement.

Outcomes

The primary outcome of this meta-analysis was neurological
function improvement following vitamin D supplementation.
Neurological function was assessed using validated clinical
scales, including NIHSS, Barthel Index (BI), Scandinavian
Stroke Scale (SSS), Brunnstrom Recovery Stage (BRS), Func-
tional Ambulation Classification (FAC), modified Rankin
Scale (mRS), Functional Independence Measure (FIM), Mini-
Mental State Examination (MMSE), Montgomery-Asberg De-
pression Rating Scale (MADRS), and Neuron-Specific Eno-
lase (NSE).

Secondary outcomes included the association between
serum vitamin D levels and stroke severity, which was evalu-
ated to explore the potential role of vitamin D as a prognostic
biomarker.

Statistical analysis

We conducted a meta-analysis to evaluate the study outcomes.
The effect of vitamin D supplementation on neurological func-
tion as a neuroprotective agent was measured using the stand-

ardized mean difference (SMD) with a 95% CI. For dichoto-
mous data, specifically the assessment of vitamin D levels as
a biomarker for stroke prognosis, we used the odds ratio (OR)
with a 95% CI. Heterogeneity among studies was assessed us-
ing the I statistic, with 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively. Statistical sig-
nificance was set at a P-value of < 0.05. In cases of moderate
to high heterogeneity, a random-effects model was applied to
the meta-analysis; otherwise, a fixed-effect model was used
for low heterogeneity. All statistical analyses were performed
using Review Manager 5.1.0, developed by Cochrane, UK.

Results

Article search and selection

A total of 3,171 potential research articles were identified.
After removing duplicates, screening, conducting full-text re-
views, and applying the inclusion and exclusion criteria, 23
relevant articles were selected for the systematic review and
meta-analysis (Fig. 1).

Risk of bias assessment

Based on the ROB-2 assessment, which evaluates the quality
of research on primary outcomes, two of the seven articles in-
cluded in this study raised concerns regarding bias. These arti-
cles were authored by Karasu et al (2021) [7] and Narasimhan
etal (2017) [8]. According to the ROBINS-I assessment, which
evaluates the quality of research on secondary outcomes, 10
out of the 16 articles included in this study exhibited a moder-
ate risk of bias. These articles were authored by Afshari et al
(2015) [9], Aggarwal et al (2022) [10], Alfieri et al (2017) [11],
Borowicz et al (2023) [12], Rad et al (2021) [13], Samarakoon
et al (2024) [14], Turetsky et al (2015) [15], Wajda et al (2019)
[16], Kim et al (2020) [17], and Park et al (2015) [18]. Figure
2 presents the evaluation of bias risk.

Study characteristics

Tables 1 and 2 provide a comprehensive overview of the stud-
ies included in this analysis. A total of 23 studies involving
4,911 stroke patients (both ischemic and hemorrhagic strokes)
were published between 2014 and 2024. The sample sizes var-
ied across studies, ranging from 40 to 818 stroke patients.

Meta-analysis results

Effect of vitamin D supplementation on neurological function
improvement

Seven studies were included in the analysis to evaluate the ef-
fect of vitamin D supplementation on neurological function
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Figure 2. Risk of bias analysis. (a) Traffic-light plot of the risk of bias assessment using ROB-2, illustrating the bias risk results
for the effect of vitamin D supplementation on neurological function improvement across each domain. (b) Overall risk of bias
conclusion using ROB-2, summarizing the risk of bias regarding the effect of vitamin D supplementation on neurological function
improvement. (c) Overall risk of bias conclusion using ROBINS-I, indicating the risk of bias for vitamin D levels as a prognostic
biomarker in stroke severity. (d) Traffic-light plot of the risk of bias assessment using ROBINS-I, depicting the risk of bias for the
analysis of vitamin D levels in stroke severity as a prognostic biomarker across each domain. ROB-2: risk of bias 2; ROBINS-I:

risk of bias in non-randomized studies of interventions.

(Fig. 3a). Based on the heterogeneity test (I = 60%), the SMD
for the effect of vitamin D supplementation on neurological
function was analyzed using a random-effects model. Statisti-
cal analysis revealed that vitamin D supplementation signifi-
cantly improved neurological function compared to the control
group (SMD, 0.63; 95% CI, 0.31-0.95; P=0.0001). Both low-
dose oral daily and weekly administration (SMD, 0.91; 95%
CI, 0.25-1.59; P=0.007) and a single high-dose intramuscular
injection (SMD, 0.52; 95% CI, 0.18-0.55; P =0.002) were ef-
fective in enhancing neurological function.

Vitamin D levels in stroke severity as a prognostic biomarker

Eight studies were included in the analysis of vitamin D levels
in relation to stroke severity as a prognostic biomarker (Fig.
3b). Based on the heterogeneity test (1> = 77%), the OR for the
prognostic biomarker value was pooled using a random-effects
model. Statistical analysis indicated that low vitamin D levels

in stroke patients were associated with increased severity of
neurological dysfunction compared to the control group (OR,
3.44; 95% CI, 1.84-6.44; P < 0.0001).

Publication bias assessment

The analysis revealed a heterogeneity I? value of 60% for the
primary outcomes and 77% for the secondary outcomes, in-
dicating moderate heterogeneity among the included studies.
This suggests that the study findings exhibit some variation or
inconsistency, which may be attributed to differences in study
design, population, interventions, or measurement tools used
to assess improvements in neurological function. To evaluate
the potential for publication bias in the primary and secondary
outcome meta-analyses, we used the funnel plot function of
meta-bias from Review Manager 5.1.0, Cochrane, UK. Upon
examination of the funnel plot, it was challenging to determine
whether the distribution of studies on both sides of the plot was

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™ | = https:/jnr.elmerpub.com 33



J Neurol Res. 2026;16(1):30-39

Vitamin D in Stroke: Neuroprotection & Prognosis

(Sg9) oreos ooueleq 31og pue
‘521008 (IIN) XopU[ [oyneg PILIPOIN

@ urwena jo O

‘(SV4) o[eos uonequIy [euonoun palajsiurupe 000°00€ JO 3s0p [eL) Pa[jonuod 810¢
{(S¥9) SuiSels 194009y wonsuunIg Jou (J UIWe)A Ienosnwenur 9[3ulg 9O1S OTWAYDS] poziwopuey $9  Aoyanp ‘[e 30 LIS ‘L
€ UTweyA Jo
poIolstuIupe N1 000°009 JO 3s0p [e1 po[[onuod L10T 1819
91095 SSS Jou (] UIeIA Te[nosnwenur o[Sulg OIS OIUAYOS] paziwopuey| 09 BIpU] UBYWISBIEN 'O
(JNI4) seansea] Juapuadapu] SyeaMm 71 10J € ajons
Teuonounj pue (SYAVIN) 2[eoS Suney paIojstuIupe  utwe)lA Jo Aep/N 000°C o13eyIoWwaY pue [e11) PI[[O1U0D 1207 ‘Te
uorssardo(q S1oqsey-A1owoZuo jou (J UIue)IA Jo asop [elo AJreq 0oxs dIWAYOS] paziwopuey| Y% Arely P ISLI0], G
(@1 WEIA 1O )]
(HSININ) uoneuIteXH 91e)S [EIUSA-IULAL OY) I STHIEPE 000°00€ JO 3sop [EEBRSIOIT0S 120T ‘T®
pue {(Syw) 9[edS unjuey paypow ‘SSHIN JOU (J UTWBIA Ienosnwenur J[3ulg 9Y0I)S OTWAYIS] paziwopuey 09 uel| 10 198ZY B
N1 000°009 ©} 000°00T
woi1j 3uiguer 9sop
[B10} B yJIM ‘SYoom avons
21095 (V1) UOHEOLISSE]) UONB[NUIY palejsiurupe T1—¥ 10} N1 000°0S o15eyLIOWaY pue 1202 ‘e
[euonoun,{ pue o03e}S 194009y WonsUUNIg jou (J UIWBIA JO 9s0p [BI10 Ao 9Y0J3S OTWAYIS] aAndadsonay 9/ Aoynp 10 nserey| €
(19) xopu [Syped pue ‘(SSHIN) 2[edS €( UIUENA J0
oNS YPBIH JO SAIMIISU] [BUOHEN] oY) paI)stuIupe NI 000°009 JO asop [e11) P2[[01U0D 70T ‘Te
‘19A9] (ASN) 9sejouy o1j100dS-uoInaN oy [, JOU (] UIUE)IA Je[nosnuwenul o[Surs YOoxs JIWAYOS] paziwopuey 0LS uel] P IWesd g
@ utwea Jo ()
S}IU() [BUONRUINUL avons
PpaIISIUTIIpE 000°009 Jo osop o13eyIowoy pue [e11} PI[[OU0D 20T ‘B
21008 (SSS) 9[8IS OIS UBIABUIPULIS jou (J Urueyp Je[nosnwenur o[SuIS Y oxs OTWAYOS] pazrwopuey 43 eipu] 10 eAIRPY [
$[00) JUSWIAINSEIW JWO0IINQ  UIWIZI [0.1)U0 UIWIGA UOHIUIAINU sisouger ugisap Apn ozts e loymny ‘o
100} } mno g3 j0.u0) ! n yuy I a Isop Apm§ oidwes  -va0y yny  oN

(yuswanoidwi uonoun4 [eaibojoina uo uoneluawa|ddng g UIWENA JO 19843) awodinQ Alewld uo eleq Apnis Jo sonsusoeleyd) °| ajqel

https://jnr.elmerpub.com

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

34



J Neurol Res. 2026;16(1):30-39

Windiana et al

Tw/3u (), 0} ¢ woyy d3uer
uoneIqIed B Im (Auewion
‘WIoYUURIA ‘SONSOUZeIq

Ao0Y) Je[npowr ()97 YL Syw pue SSHIN IOI)S TWAYIST 110109 9A1dadso1g 9TE  IOX MAN 10T ‘B0 Suep,  €g
010T &S99 pajeiqr(ed
© uo Aesseounuwur
JUISOUTWN]TWAYD dAnHdWO)) Syw pue SSHIN OY0I)S TWAYIS] 110109 2A1dadso1g ¥9¢ 'UIYD a (0T RN ) o
Anowonosads ssew wapue) JAndadsonar BIOY
Kydeidoreworyo pmbrg Syw pue SSHIN O1S OTWAYDS] 11040J [BUOIIBAIISQO) Q18 ynos SI0T ‘e YRy 1T
Apmys aanoadsonar BIOY
I3 Aesseounwwrorpey SSHIN OYOI)$ OTAYOST 10)uad-9[3urg 8¢ Inos 020z ‘e W] 07
VSI'Td Sy pue SSHIN 9301}S JTSYOST [0Tu03-95e7) 96 1dASg 610C ‘1810 Awyeq 6]
uona9lep AN yim
pordnoos Aydeidorewoayo Y0NS J1FeYLIOWY
pmbiy amssoxd ySiyg Syw pue SSHIN  Pue o0oI)s OTwoyos]  Apnjs 10700 [BUONBAIISqO 98¢ oouel] 10z ‘Teie [reqneq ']
TO0d Sy pue SSHIN o)ons o1weyds]  Apris 10y0o dAN0adsoNY 0¥c puejod 610C ‘Teroeplepy L]
oAnoadsoid ozAeue [N
VIO SYw pue SSHIN 930S JTWSYOST Kjeanoadsonay 96 panun - GIOT ‘[eie Aystemy 9|
(VI1D) Aesseounwuwur
QOUQISUTN[IWAY)) SSHIN OY0I)S JTWAYIS] [eUOTIBAISSqO dAT}0dS0I 93 eIpuy $207 ‘[eR uownis ‘G|
ayons o1SeyIIOWY
VSITd Syw pue SSHIN ~ Pue 9301S JIWSYIS] [o1uod-3se) 8¢l 143y 610C ‘TP WIpPS  pl
¥20T ‘T8 19
VSITd Syw pue SSHIN OY0I)S JTWAYIS] [01U09-358d 9A1}ddS0Ig 09  ®BURT LS uoodeIeWRS ¢
ayong d13eyLIoway
104 Syw pue SSHIN  pue 90I)s JIyOS] [BUOT}09S-SSOIO IAJUIO-Tg ial uely 120z ‘e pey Tl
(18) xoput [dypreg
VIND pue ‘SYW ‘SSHIN S3[0LS OIUSYOS]  [BLN) PS[[ONUOD PIZIUOpUEy 08 pue[od €ZOT ‘B 10 Zommolog  []
(VIIND) Aesseounurwur
91onIedoIdTI JUSISIUTWN[TWAY)) Syw 930I)S JTWAYOS] [01U09-358)) 987 nzeig L10T ‘[eR I_YY 0]
(S¥yw) o108 unjuEy payIpow
poew (TDH) pue (SSHIN) o[eds 2301 [EUOIBAISSQO
QOUQOSAUIWN[IWAYI0NIJ[H  I[BIH JO SAIMNSU] [BUOEN Y ], 9Y01S JIWAYIS] 2Andadsoid reak-auQ 002 BIPU] ZT0T Te 10 [emIe33y ‘6
(VSIT19) Aesse
JUSQIOSOUNTIUIT POYUT[-SWAZU] Ayder3owoy payndwos urerg 9Y0I)S OTWAYOS] [01U02-358)) L uel| ST0T ‘T8 10 1Ieysyy 'S
SPAJL (@ tEyIA AJLIIAJS 9Y0.1)S JO JUIMSSISS sIsousger ugIsap Apn oS uonedo aoyn ‘0
WINJIIS JO JUIUWISSISSY : MRS v : a 19p APTIS Jdureg Ladad woy N

(JoxewoOIg onsoubold e se Ajuaneg 8)041S Ul SjoAT 0 UILEYIA JO SISAjeuy) awooinO Alepuooag uo ejeq Apnig Jo sonsusioeleyd g ajqel

35

https://jnr.elmerpub.com

| Journal compilation © ] Neurol Res and Elmer Press Inc™

Articles © The authors



Vitamin D in Stroke: Neuroprotection & Prognosis

J Neurol Res. 2026;16(1):30-39

Test for overall effect: Z = 3.86 (P = 0.0001)

a Vitamin D Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Oral
Karasu et al. 2021 1.306 1.1648 39 0.2105 0.4705 37 15.4% 1.21[0.72, 1.70] B —
Torrisi et al. 2021 95.53 28.89 15 80.09 29.12 14 10.5% 0.52 [-0.22, 1.26] —
Subtotal (95% CI) 54 51 25.9% 0.92 [0.25, 1.59] ———T T
Heterogeneity: Tau® = 0.14; Chi* = 2.32,df = 1 (P = 0.13); P = 57%
Test for overall effect: Z = 2.70 (P = 0.007)
1.1.2 Intramuscular
Acharya et al. 2022 38.22 12.8888 44 31.65 33.1662 44 17.1%  0.26 [-0.16, 0.68] -1
Hesami et al. 2022 6.8867 1.0063 20 6.7154 0.3837 21 12.8% 0.22 [-0.39, 0.84] e
Narasimhan et al. 2017 6.39 4.56 30 2.5 2.2 30 14.3% 1.07 [0.53, 1.62] I S—
Rezaei et al. 2021 24.4 3.64 29 23.26 4.69 30 14.9% 0.27 [-0.25, 0.78] e
Sari etal. 2018 59.18 22.15 32 41.87 20.42 32 15.0% 0.80 [0.29, 1.31] L E—
Subtotal (95% CI) 155 157 74.1% 0.52 [0.18, 0.85] e
Heterogeneity: Tau? = 0.08; Chi® = 8.45, df = 4 (P = 0.08); ¥ = 53%
Test for overall effect: Z = 3.04 (P = 0.002)
Total (95% CI) 209 208 100.0% 0.63 [0.31, 0.95] e
Heterogeneity: Tau? = 0.11; Chi® = 15.02, df = 6 (P = 0.02); I = 60% _#1 _0: = 3 0:5 i
Test for overall effec_t: Z=3.84 (E = 0.0001) Favours [Control] Favours [Vitamin D]
Test for subgroup differences: Chi* = 1.11, df = 1 (P = 0.29), I’ = 10.1%

Sufficient Deficient Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Afshari et al. 2015 11 36 4 36 10.2% 3.52[1.00, 12.39]
Aggarwal et al. 2022 21 29 9 48 11.3% 11.38[3.82, 33.84] - =
Alfieri et al. 2017 73 168 6 118 12.9% 14.34 [5.97, 34.45] -
Daubail et al. 2012 194 255 68 127 15.8% 2.76 [1.76, 4.34] —_—
Fahmy et al. 2019 13 48 15 48 12.9% 0.82 [0.34, 1.97] S —
Rad etal. 2021 34 52 34 88 14.1% 3.00[1.47, 6.13] e
Samarakoon et al. 2024 20 37 17 37 12.6% 1.38 [0.55, 3.45] R B E—
Turetsky et al. 2015 15 35 4 29  10.2% 4.69 [1.34, 16.36] —_—
Total (95% ClI) 660 531 100.0% 3.44 [1.84, 6.44] i
Total events 381 157
ity 2 = - Chi? = = 2= } t i }

Heterogeneity: Tau® = 0.60; Chi 30.06, df = 7 (P < 0.0001); | 77% 0.05 02 & 20

Favours [Deficient] Favours [Sufficient]

Figure 3. Analysis results. (a) Forest plot showing the effect of vitamin D supplementation on neurological function improvement
compared to the control group. (b) Forest plot analyzing vitamin D levels in relation to stroke severity as a prognostic biomarker.

symmetric, as there were fewer than 10 studies included for
each outcome. This suggests that the potential for publication
bias could not be reliably assessed.

Discussion

The aim of this systematic review and meta-analysis was to
evaluate the role of vitamin D in neuroprotective effects and
its potential as a prognostic biomarker for stroke severity. Data
analysis showed that vitamin D supplementation led to a sig-
nificant improvement in neurological function compared to the
control group (SMD, 0.63; 95% CI, 0.31-0.95; P = 0.0001).
This improvement was observed with both high-dose single
intramuscular injections (SMD, 0.52; 95% CI, 0.18-0.85; P =
0.002) and low-dose oral supplementation administered daily
or weekly (SMD, 0.92; 95% CI, 0.25-1.59; P = 0.007) in pa-
tients with ischemic and hemorrhagic stroke.

Administering a single high-dose intramuscular injection
of vitamin D to ischemic and hemorrhagic stroke patients may
be a viable supplementation option, particularly for those with
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low adherence to daily or weekly oral treatments [19, 20]. Fur-
thermore, a high-dose single injection can rapidly and safely in-
crease serum 25-OH vitamin D levels [21-23]. The analysis also
indicated that adequate vitamin D levels in stroke patients are
associated with better prognosis regarding neurological function
improvement compared to low vitamin D levels (OR, 3.44; 95%
CI, 1.84-6.44; P <0.0001). Our analysis suggests that daily and
weekly vitamin D doses, totaling between 200,000 and 600,000
IU, can enhance neurological function in ischemic and hemor-
rhagic stroke patients, as assessed by SSS, mRS, NIHSS, and BI
scores. Additionally, a single intramuscular injection of vitamin
D at doses between 300,000 and 600,000 IU demonstrated sig-
nificant improvements in neurological function.

It is important to note that the inflammatory process plays
a crucial role in stroke pathogenesis [24]. The anti-inflamma-
tory effects of vitamin D have been demonstrated in various
diseases, such as multiple sclerosis (MS) and epilepsy [25].
The neuroprotective mechanisms induced by vitamin D are
complex, involving the inhibition of the prostaglandin (PG)
and cyclooxygenase-2 (COX-2) pathways, a reduction in ma-
trix metalloproteinase-9 (MMP-9), and an increase in anti-in-
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flammatory cytokines [26]. Deficiency in 25-hydroxyvitamin
D (25(OH)D) can lead to prolonged immune-inflammatory
responses, reducing neuroprotection and resulting in a poor
prognosis for stroke patients [27]. Therefore, adequate vitamin
D levels may serve as a protective factor against ischemic rep-
erfusion injury in stroke cases, as well as offering protective
effects against neurovascular injury [28]. Low serum vitamin
D levels have been associated with an increased risk of stroke
and poor stroke prognosis [29]. Poor vitamin D status in stroke
patients is also closely linked to an elevated risk of future cer-
ebrovascular incidents [30, 31].

Limitations

Several limitations of this study should be acknowledged.
First, the included studies varied in design, encompassing
both randomized controlled trials and non-randomized studies,
which may have affected the consistency of the findings and
increased the risk of bias. Additionally, moderate heterogene-
ity was observed, with I? values reaching 63% for primary out-
comes and 71% for secondary outcomes. This heterogeneity is
likely attributable to differences in study populations, vitamin
D dosages, and outcome assessment methods. Variability in
serum vitamin D measurement techniques across studies may
have further influenced the results and their interpretation.
Another important limitation relates to sex-specific differ-
ences in stroke. Most of the included studies did not provide
sufficient sex-disaggregated data to allow subgroup or strati-
fied analyses. Consequently, the potential influence of sex on
the neuroprotective effects of vitamin D supplementation and
its role as a prognostic biomarker could not be fully explored.
Furthermore, comorbid conditions such as diabetes mel-
litus and hypertension, which may influence both stroke out-
comes and vitamin D metabolism, were not consistently re-
ported across studies and therefore could not be analyzed in
detail. In addition, emerging aspects such as the effects of vi-
tamin D on cerebral white matter integrity, cognitive impair-
ment, and clusters of silent vascular risk factors associated
with aging could not be systematically evaluated due to lim-
ited and non-standardized reporting of neuroimaging, cogni-
tive, and subclinical vascular data across the included studies.

Future research

In addition to the outcomes assessed in this study, emerging
evidence suggests that vitamin D may play a role in cerebral
white matter integrity and cognitive function, both of which
are important determinants of long-term outcomes after stroke.
Alterations in white matter structure and cognitive impairment
have been associated with aging-related cerebrovascular pa-
thology and may be influenced by clusters of silent vascular
risk factors. Although these aspects are clinically relevant,
they could not be systematically evaluated in the present meta-
analysis due to the lack of standardized reporting and insuf-
ficient data across the included studies.

These limitations highlight important directions for future

research. Well-designed, large-scale randomized controlled tri-
als are needed to clarify the optimal dosage, timing, and route of
vitamin D supplementation in both ischemic and hemorrhagic
stroke populations. Furthermore, future studies should incorpo-
rate sex-specific analyses, neuroimaging markers of white mat-
ter changes, detailed cognitive assessments, and comprehensive
evaluation of subclinical vascular risk factors to further eluci-
date the neuroprotective mechanisms of vitamin D and refine its
role as a prognostic biomarker in stroke outcomes.

Conclusions

This systematic review and meta-analysis demonstrates that
vitamin D supplementation is associated with improved neu-
rological function in patients with ischemic and hemorrhagic
stroke, using both oral and intravenous regimens. In addition,
low serum vitamin D levels are associated with greater stroke
severity, supporting the potential role of vitamin D as a prog-
nostic biomarker.

Despite heterogeneity among the included studies and the
limited availability of sex-specific and comorbidity-related
data, these findings underscore the clinical relevance of vita-
min D in stroke management. Further well-designed prospec-
tive studies are required to determine optimal supplementation
strategies and to establish evidence-based recommendations
for the use of vitamin D in stroke care.
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