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Abstract

:

Vitamin D (Vit D) affects musculoskeletal performance and central nervous system neuroprotection. We aimed to investigate the association between serum Vit D levels and short-term functional outcomes in patients with acute ischemic stroke. This study involved patients with acute ischemic stroke confirmed on brain MRI. The National Institutes of Health Stroke Scale (NIHSS) was used to assess initial stroke severity upon admission. We evaluated the functional outcomes using the Berg Balance Scale (BBS), Manual Function Test (MFT), Korean Mini-Mental State Examination (K-MMSE), Korean version of the modified Barthel Index (K-MBI) within three weeks from the onset of stroke, and modified Rankin Scale (mRS) score at discharge. Overall, 192 patients were finally included and divided into three groups: Vit D sufficient (n = 28), insufficient (n = 49), and deficient (n = 115). Multivariate analysis showed that the Vit D deficient group presented with a higher risk of initially severe stroke (p = 0.025) and poor functional outcomes on the BBS (p = 0.048), MFT (p = 0.017), K-MMSE (p = 0.001), K-MBI (p = 0.003), and mRS (p = 0.032) compared to the Vit D sufficient group. Vit D deficiency may be associated with severe initial stroke and poor short-term post-stroke functional outcomes.
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1. Introduction


Stroke, the second leading cause of death, is a major cause of severe disability, and its economic burden continues to grow worldwide [1]. Strokes could be classified into hemorrhagic or ischemic stroke depending on the etiology, of which ischemic strokes are the most common type. Furthermore, their incidence has increased over the past few years [2]. Although proper management, including thrombolysis and rehabilitation, can improve the outcomes of ischemic stroke, many survivors experience long-term disabilities. Several factors are associated with the prognosis of ischemic stroke, including the etiology, lesion size and location, age, sex, obesity, and other medical comorbidities [3]. Recently, researchers have investigated various biological markers that can be directly obtained from blood samples for the prognosis of ischemic stroke [4,5].



Vitamin D (Vit D), also known as calciferol, is a fat-soluble compound that acts as a steroid hormone to regulate calcium homeostasis and bone metabolism [6]. In humans, Vit D is mainly synthesized when the skin is exposed to sunlight and brings its biological activity by binding to the Vit D receptor [7]. Several studies have demonstrated that Vit D levels affect bone health and musculoskeletal performance [8]. Recently, the role of Vit D as a neuroprotective agent in the central nervous system and skeletal muscle function has gained increasing attention [9]. Previous studies have reported that Vit D deficiency is more prevalent in patients with ischemic compared to the general population [10]. Vit D deficiency is also associated with an increased initial stroke severity and mortality [11]. The prognosis after ischemic stroke is also related to various diseases accompanying the disease. In the case of depression, which can affect the prognosis of stroke patients, the risk of post-stroke depression was higher in patients with Vit D deficiency [12]. Infectious complications such as post-stroke pneumonia have been associated with Vit D deficiency [13]. Vit D levels affect stroke recurrence and functional outcomes [14].



Previous studies have provided limited information regarding the relationship between Vit D and the physical and cognitive performance of patients with stroke [15,16]. This study aimed to investigate the association between serum Vit D levels and short-term functional outcomes in acute ischemic stroke patients by using several different outcome measurements.




2. Materials and Methods


2.1. Study Population and Design


In this retrospective study, we included patients diagnosed with acute ischemic stroke on the brain MRI in the Kyung Hee University Hospital, Seoul, South Korea, from June 2022 to August 2023 [17]. Several factors that could affect the initial function of each stroke patient needed to be excluded [18]. The exclusion criteria were as follows: (1) patients who were admitted 7 days after stroke onset; (2) prior history of a cerebrovascular disease; (3) malignant tumor; (4) severe renal or hepatic disease; (5) neurodegenerative disorder such as Parkinsonism or dementia; (6) endocrine disorder; (7) taking Vit D, calcium supplementation, or steroid use; (8) impaired physical condition with a modified Rankin Score (mRS) ≥ 3 prior to stroke; (9) missing laboratory data; (10) missing functional outcome data. A flow diagram of the patient selection process is shown in Figure 1.



Baseline characteristics, including demographic and clinical data, were collected from the medical records. Demographic characteristics included age, sex, and BMI. To reflect the seasonal variation in serum Vit D levels due to changes in the amount of sunlight exposure, the season at which serum Vit D was collected was also considered: spring (from March to May), summer (from June to August), autumn (from September to November), and winter (from December to February) [19]. Medical histories, including diabetes mellitus, hypertension, dyslipidemia, smoking status, and alcohol consumption prior to stroke were recorded. Blood sampling for laboratory data was performed in all patients within 24 h of admission.



Total serum 25-hydroxy Vit D (25-OHD) level was measured as an indicator of each patient’s Vit D status, since it can reflect the amount of Vit D production from both the skin and dietary sources [20]. The biological half-life of 25-OHD is known to be 2–3 weeks, making its role as a useful long-term biomarker [21]. We analyzed a serum total of 25- hydroxy vit D (a sum of 25(OH) Vit D2 and D3) by chemiluminescence immunoassay on the Beckman Coulter Unicel DXI 800 (Beckman Coulter, Brea, CA, USA). Although the gold standard method for analyzing the serum Vit D is liquid chromatography–tandem mass spectrometry (LC–MS/MS) [22], Unicel DXI 800 immunoassay is moderately concordant with LC–MS/MS (concordance correlation coefficient = 0.916) and the total coefficient of variation (CV) of this assay were 8.3% at 31.7 ng/mL and 7% at 66.8 ng/mL [23]. Although the specific serum 25-OHD level representing Vit D deficiency varies according to each society’s guideline, our study adopted to use the definition from the clinical practice guideline of Endocrine Society, which has been widely used as a criteria for the treatment and prevention of Vit D deficiency [24]. The cutoff values from this guideline was based on several studies regarding the relationship between the Vit D and the serum level of parathyroid hormone and the amount of intestinal calcium absorption [21]. Vit D sufficiency was defined as a serum 25-OHD level > 30 ng/mL, insufficiency as 30 ng/mL ≥ 25-OHD ≥ 20 ng/mL, and deficiency as 25-OHD < 20 ng/mL [25]. Other laboratory data included complete blood counts (white blood cell count, hemoglobin concentration, and platelet count) and serum concentrations of high-sensitivity C-reactive protein (hsCRP), hemoglobin A1c, total cholesterol, triglycerides, high-density lipoproteins, and low-density lipoproteins. Reperfusion treatment and the length of hospital stay for each patient were also recorded.



Patients performed bedside or gym-based rehabilitation physical therapy daily, weekday, for at least 30 min to 2 h. Neurodevelopmental treatment (NDT), including mat exercise, gait training, muscle strengthening, stretching, balance training, and activity of daily living training, including transfer grooming, dressing, and hand skill training, were performed depending on the patient’s functional condition.



This study was approved by the Institutional Review Board of Kyung Hee University Hospital (KHUH 2023-10-018). Due to the retrospective design of this study, the requirement for informed consent from each patient was waived.




2.2. Outcome Measurements


To determine the initial stroke severity, the National Institutes of Health Stroke Scale (NIHSS) score was measured on admission. The NIHSS is the most widely used clinical rating scale for neurological deficits in stroke patients, reflecting several domains, including motor, sensory, and language declines [26]. Mild stroke was defined as an NIHSS score < 5, whereas moderate-to-severe stroke was defined as an NIHSS score ≥ 5 [27]. Patients underwent physical and cognitive function tests within three weeks of stroke onset. The Berg Balance Scale (BBS), which is a valid instrument that reflects both the static and dynamic balance of patients with stroke, was used to evaluate the balance ability. A BBS score ≤ 20, which generally indicates the requirement for a wheelchair for mobility and represents a higher fall risk, was considered a poor outcome [28]. To evaluate upper extremity function, the Manual Function Test (MFT) was performed on the hemiplegic side. MFT is a valid instrument for evaluating the upper limb motor function of patients with hemiplegic stroke; an MFT score ≤ 19, which reflects poor dexterity, was defined as a poor outcome [29]. Cognitive function was assessed using the Korean Mini-Mental State Examination (K-MMSE), a validated version of the MMSE widely used to screen for cognitive decline in Korea. A K-MMSE score ≤ 23, the level indicating cognitive impairment, was defined as a poor outcome [30]. Overall activities of daily living performance was assessed using the Korean version of the modified Barthel Index (K-MBI). The K-MBI demonstrates the functional independence of individual patients in several domains of daily activities in Korea. A K-MBI score ≤ 50, which indicates severe functional dependence, was considered a poor outcome [31]. At discharge, the modified Rankin scale (mRS) score, which reflects general disability and functional dependency, was evaluated. An mRS score ≥ 3, representing moderate-to-severe disability, was defined as a poor outcome [32]. Experienced clinicians, physical therapists, and occupational therapists evaluated the NIHSS, BBS, MFT, K-MMSE, K-MBI, and mRS scores of each patient.




2.3. Statistical Analysis


The Kolmogorov–Smirnov test was used to assess the normal distribution of variables. Variables with a normal distribution were assessed using analysis of variance (ANOVA). Variables with a non-normal distribution were assessed using Kruskal–Wallis test. The chi-square and linear-by-linear association tests were used for the comparison of categorical variables. The Spearman’s correlation test was used to determine the correlation between two continuous variables. Univariate and multivariate logistic analyses were performed to evaluate the association between serum Vit D levels and clinical outcomes. Adjusting for potential confounding factors, including age, sex, BMI, season, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, smoking, alcohol consumption, intravenous thrombolysis, endovascular therapy, time from stroke onset to hospital admission, white blood cell count, hemoglobin concentration, platelet count, and serum concentrations of hsCRP, hemoglobin A1c, total cholesterol, triglycerides, high-density lipoproteins, and low-density lipoproteins, was performed in the multivariate analysis. In order to determine the optimal serum Vit D cut-off levels for increased stroke severity and poor functional outcomes, we performed receiver operating characteristic (ROC) curve analysis. SPSS Statistics version 25 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Two-sided p-values < 0.05 were considered statistically significant.





3. Results


Our study included 192 patients (Figure 1) who were divided into 3 groups based on serum Vit D levels at admission: Vit D sufficient group (25-OHD > 30 ng/mL, n = 28), Vit D insufficient group (30 ng/mL ≥ 25-OHD ≥ 20 ng/mL, n = 49), and Vit D deficient group (25-OHD < 20 ng/mL, n = 115). Table 1 presents the baseline characteristics of the patients included in this study according to Vit D levels. The median age of all of the patients was 74 years (range, 64–83 years), and 78 (40.6%) patients were female. The three groups had significant seasonal differences; the Vit D sufficient and insufficient groups were more prevalent in the summer, whereas the Vit D deficient group was more prevalent in the winter. The median serum 25-OHD level was 17.1 ng/mL (range, 12.2–24.2 ng/mL) for all patients, 40.1 ng/mL (range, 35.7–43.0 ng/mL) for the Vit D sufficient group, 23.4 ng/mL (range, 21.5–27.3 ng/mL) for the Vit D insufficient group, and 13.1 ng/mL (range, 9.3–16.6 ng/mL) for the Vit D deficient group. Other characteristics, including demographic factors, medical history, laboratory findings, time from stroke onset to hospital admission, length of hospital stay, and reperfusion treatments, showed no significant difference between each group.



The odds ratios (OR) for the initial stroke severity and functional outcomes among the three groups are presented in Table 2. In the univariable analysis, the Vit D deficient group had higher risks of initially severe stroke, as measured by the NIHSS (OR, 4.07; 95% CI, 1.45–11.45; p = 0.008) and poor outcomes on the BBS (OR, 4.00; 95% CI, 1.30–12.29; p = 0.015), MFT (OR, 5.36; 95% CI, 1.53–18.79; p = 0.009), K-MMSE (OR, 5.57; 95% CI, 1.98–15.68; p = 0.001), K-MBI (OR, 5.38; 95% CI, 1.91–15.14; p = 0.001), and mRS (OR, 3.60; 95% CI, 1.36–9.54; p = 0.010) compared with the Vit D sufficient group. The results were similar in the multivariate analysis when confounding factors were adjusted. In multivariate analysis, the Vit D deficient group had higher risks of initially severe stroke (OR, 4.98; 95% CI, 1.22–30.33; p = 0.025) and poor outcomes on the BBS (OR, 3.88; 95% CI, 1.01–14.51; p = 0.048), MFT (OR, 5.69; 95% CI, 1.36–23.83; p = 0.017), K-MMSE (OR, 9.80; 95% CI, 2.40–39.93; p = 0.001), K-MBI (OR, 7.13; 95% CI, 1.98–25.59; p = 0.003), and mRS (OR, 3.58; 95% CI, 1.12–11.49; p = 0.032) compared with the Vit D sufficient group. However, the Vit D insufficient group showed no significant differences in initial stroke severity and functional outcomes compared with the Vit D sufficient group.



Patients were divided into two groups, and a comparison between the Vit D deficient group (25-OHD < 20 ng/mL) and Vit D non-deficient group (25-OHD ≥ 20 ng/mL) is presented in Table 3. Except for the BBS, the results showed a significant difference between the Vit D deficient and non-deficient groups in multivariate analysis.



Table 4 summarizes the correlations among serum Vit D levels, initial stroke severity, and functional outcomes. Significant positive correlations (i.e., clinically poor outcomes) were identified between serum Vit D levels and BBS (ρ = 0.200, p = 0.006), MFT (ρ = 0.334, p < 0.001), K-MMSE (ρ = 0.297, p < 0.001), and K-MBI (ρ = 0.311, p < 0.001) scores. Significant negative correlations (i.e., clinically poor outcomes) were identified between serum Vit D levels and NIHSS (ρ = −0.402, p < 0.001) and mRS (ρ = −0.274, p < 0.001) scores.



Receiver operating characteristic (ROC) curve analysis was used to determine the optimal serum Vit D cut-off values for stroke severity and functional outcomes (Figure 2). The serum Vit D cut-offs were 17.22 ng/mL for initially severe stroke, 17.05 ng/mL for poor BBS scores, 16.06 ng/mL for poor MFT scores, 18.27 ng/mL for poor K-MMSE scores, and 17.14 ng/mL for poor K-MBI and mRS scores. Based on these cutoffs, additional logistic regression analysis was performed to determine the relationship between serum Vit D levels and stroke severity and functional outcomes. In multivariate analysis, lower serum Vit D levels were associated with increased risks of stroke severity (OR 6.02; 95% CI, 2.34–15.50; p < 0.001) and poor functional outcomes based on the BBS (OR 2.47; 95% CI, 1.12–5.44; p = 0.025), MFT (OR 2.33; 95% CI, 1.07–5.10; p = 0.033), K-MMSE (OR 4.83; 95% CI, 1.92–12.18; p = 0.001), K-MBI (OR 3.17; 95% CI, 1.41–7.17; p = 0.005), and mRS (OR 2.71; 95% CI, 1.24–5.94; p = 0.013) scores (Table 5).




4. Discussion


The present study analyzed the relationship between serum Vit D levels and short-term functional outcomes of patients with acute ischemic stroke using multiple indicators. In multivariate logistic regression analyses, Vit D deficiency was associated with an initially severe stroke, as measured by NIHSS scores, and poor functional outcomes based on the BBS, MFT, K-MMSE, K-MBI, and mRS scores. The optimal serum Vit D cutoff values based on ROC curve analysis of increased initially severe stroke and poor functional outcomes ranged from 16.06–18.27 ng/mL. In addition, multivariate regression analysis based on these cut-offs revealed significant associations with lower serum Vit D levels. These results are consistent with those of previous studies that demonstrated an association between Vit D deficiency and poor short-term post-stroke functional outcomes [11,14].



These results can be explained by the role of Vit D in the pathogenesis of ischemic stroke. During the acute phase of ischemic brain injury, damage-associated molecular patterns (DAMPs) are released from the insulted brain cells, which trigger the local immune response [33]. DAMPs promotes the recruitment and activation of several inflammatory cells, including neutrophils, lymphocytes, and macrophages [34]. Various types of pro-inflammatory cytokines including interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) are produced that further accelerate the infiltration of leukocytes to the site of damaged brain tissue, which then produce reactive oxygen species and inflammatory mediators, resulting in the breakdown of the blood-brain barrier [35]. Vit D attenuates ischemic brain injury by promoting anti-inflammatory responses through several mechanisms. Calcitriol, which is an active form of Vit D, binds to the Vit D receptor and execute its biological function through the genomic transcription [36]. Calcitriol promotes the function of regulatory T cells by regulating the expression of transcription factors, which produce anti-inflammatory cytokines such as interleukin-10 (IL-10) and suppress the release of pro-inflammatory cytokines [37]. Furthermore, Vit D alleviates ischemic damage by upregulating antioxidant processes and interrupting the production of reactive oxygen species, thereby lowering the oxidative stress in the brain tissue [38]. Vit D also participates in activating detoxification pathways and producing several neurotrophic factors, including insulin-like growth factor-I (IGF-I) and nerve growth factor (NGF). Altogether, these processes help to regenerate neurons in damaged brain tissue and promote recovery after ischemic stroke [39].



In addition, Vit D affects the cerebrovascular system through several mechanisms. Vit D might be involved in the autoregulation of cerebral blood flow, possibly by influencing the myogenic tone and the vascular resistance of cerebral blood vessels [40]. Vit D also modulates the vascular remodeling process through vascular mediators such as vascular endothelial growth factor (VEGF) and matrix metalloproteinases (MMPs) [41]. Vit D influences the homeostasis of the extracellular matrix and vascular wall stiffness, and Vit D deficiency contributes to vascular calcification [42]. The integrity and permeability of the blood-brain barrier can be affected by Vit D via the expression of tight junction proteins [43]. Taken together, Vit D deficiency could be related to the dysregulation of cerebral blood flow and vascular endothelial cell dysfunction, making the cerebral tissue more vulnerable to ischemic insults. This could help to explain the reason why Vit D deficiency was associated with increased initial severity of acute ischemic stroke in our study.



Vit D is also important for maintaining the functional integrity of the musculoskeletal system. Vit D is important for the regulation of bone and calcium metabolism, and Vit D deficiency is associated with low bone mineral density [6]. Vit D is thought to be involved in myogenesis and skeletal muscle regeneration, and Vit D deficiency can lead to muscular atrophy [44]. In particular, Vit D affects type II muscle fibers, also known as fast-twitch muscle fibers, which are important for the generation of rapid force and maintenance of appropriate posture [45]. Vit D deficiency could be related to poor balance and an increased risk of falls in the elderly [46]. Serum Vit D levels affect musculoskeletal performance in athletic populations, including the vertical jump height, handgrip strength, and maximal running capacity [8]. Therefore, declines in musculoskeletal function may cause functional declines during the early stages of ischemic stroke.



The effect of Vit D on neuroprotection of the central nervous system and musculoskeletal function could help explain our finding that Vit D deficiency is associated with poor functional outcomes in patients with acute ischemic stroke. While prior studies demonstrated the relationship between serum Vit D levels and post-stroke outcomes, functional assessment tools were limited to a few indicators, such as MBI or mRS scores. This study evaluated the functional outcomes of patients with ischemic stroke in several clinical domains using different indicators. To the best of our knowledge, our study is the first to demonstrate the relationship between serum Vit D levels and the physical performance of stroke patients by measuring MFT and BBS scores. Other studies have attempted to determine the optimal vit D cut-off values for the clinical outcomes of patients with ischemic stroke using ROC analysis. One study reported that a serum Vit D level ≤ 17 ng/mL, measured by enzyme-linked immunosorbent assay (ELISA), predicts poor post-stroke outcomes based on mRS scores three months after the stroke, with a sensitivity of 81.4% and specificity of 42.7% (AUC = 0.654, p < 0.001) [47]. It is intriguing to see that this Vit D cutoff was similar with the cutoff from our study results, which was 17.14 ng/mL for poor mRS scores. Another study reported that the optimal serum Vit D cutoff value, measured by chemiluminescence immunoassay on the E601 modular, for predicting stroke recurrence is 11.7 ng/mL, with a sensitivity of 82.3% and specificity of 64.5% (AUC = 0.82, p < 0.001) [48]. The serum Vit D cutoff values vary depending on the different post-stroke outcomes and study settings, including the methods used for measuring the serum Vit D levels. However, these results are similar in that low serum Vit D levels are associated with unfavorable clinical outcomes. Further research is required to determine the optimal cutoff level of serum Vit D for the poor post-stroke functional outcomes with standardized methods using ROC analysis.



The present study did not address the effects of Vit D supplementation in patients with ischemic stroke. A recently published narrative review revealed that Vit D supplementation may have positive effects on the functional outcomes of patients with ischemic stroke throughout rehabilitation [10]. Some studies showed that the beneficial effect of Vit D supplementation for post-stroke outcomes was statistically significant, while others did not [49,50,51,52,53,54]. Our study differs from the Vit D supplementation studies as we excluded patients with Vit D supplementation. However, we examined the initial severity and short-term outcomes related to the neuroprotective effect of Vit D on the degree of damage at the time of ischemic brain injury. Our study results might help to provide the background explanation for future studies regarding Vit D supplementation on stroke patients.



Our study had several limitations. First, owing to the retrospective nature of the study conducted in a single hospital, selection bias may have occurred. The sample size of this study was limited, and only 28.5% of the total stroke patients satisfied both of our study’s inclusion and exclusion criteria. A larger sample size could provide better reliability of the study results regarding the relationship between serum Vit D levels and post-stroke outcomes. Second, we only considered the Vit D status of patients at the time of admission. Temporal changes in the serum level of Vit D were not reflected in our study, such as the level before the onset of stroke and at discharge from the hospital. If these data were available, the relationship between Vit D status and post-stroke functional outcomes could be better explained. Third, the size, location, and etiology of acute ischemic stroke were not considered in this study. These factors may have acted as potential complications in the study results. Additional research, such as propensity score matching, may be necessary, depending on the acute ischemic stroke size, location, and etiology.




5. Conclusions


The serum Vit D level is a useful biomarker that can be directly obtained from blood samples. The present study demonstrated that Vit D deficiency might be associated with poor short-term functional outcomes in patients with acute ischemic stroke. Further studies regarding the beneficial effect of Vit D supplementation on post-stroke functional outcomes are required.







Author Contributions


Conceptualization, Y.S. and J.S.L.; methodology, Y.S. and M.-S.K.; formal analysis, investigation, M.-S.K. and S.J.C.; data curation, Y.S. and J.S.L.; writing—original draft preparation, Y.S. and M.-S.K.; writing—review and editing, Y.S. and M.-S.K.; supervision, Y.S. and S.J.C. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by a grant from the Kyung Hee University in 2023 (KHU-20231179).




Institutional Review Board Statement


This study was approved by the Institutional Review Board of Kyung Hee University Hospital (18 October 2023, KHUH 2023-10-018).




Informed Consent Statement


Due to the retrospective design of this study, the requirement for informed consent from each patient was waived.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Gorelick, P.B. The global burden of stroke: Persistent and disabling. Lancet Neurol. 2019, 18, 417–418. [Google Scholar] [CrossRef] [PubMed]

	



Pu, L.; Wang, L.; Zhang, R.; Zhao, T.; Jiang, Y.; Han, L. Projected Global Trends in Ischemic Stroke Incidence, Deaths and Disability-Adjusted Life Years from 2020 to 2030. Stroke 2023, 54, 1330–1339. [Google Scholar] [CrossRef] [PubMed]

	



Edwardson, M.A.; Dromerick, A.; Kasner, S.; Dashe, J. Ischemic Stroke Prognosis in Adults. 2017. Available online: https://www.uptodate.com/contents/ischemic-stroke-prognosis-in-adults (accessed on 15 December 2016).

	



Montellano, F.A.; Ungethüm, K.; Ramiro, L.; Nacu, A.; Hellwig, S.; Fluri, F.; Whiteley, W.N.; Bustamante, A.; Montaner, J.; Heuschmann, P.U. Role of blood-based biomarkers in ischemic stroke prognosis: A systematic review. Stroke 2021, 52, 543–551. [Google Scholar] [CrossRef] [PubMed]

	



Oh, B.-M. A path to precision medicine: Incorporating blood-based biomarkers in stroke rehabilitation. Ann. Rehabil. Med. 2021, 45, 341–344. [Google Scholar] [CrossRef]

	



Voulgaridou, G.; Papadopoulou, S.K.; Detopoulou, P.; Tsoumana, D.; Giaginis, C.; Kondyli, F.S.; Lymperaki, E.; Pritsa, A. Vitamin D and calcium in osteoporosis, and the role of bone turnover markers: A narrative review of recent data from RCTs. Diseases 2023, 11, 29. [Google Scholar] [CrossRef]

	



Gezen-Ak, D.; Alaylıoğlu, M.; Yurttaş, Z.; Çamoğlu, T.; Şengül, B.; İşler, C.; Kına, Ü.Y.; Keskin, E.; Atasoy, İ.L.; Kafardar, A.M. Vitamin D receptor regulates transcription of mitochondrial DNA and directly interacts with mitochondrial DNA and TFAM. J. Nutr. Biochem. 2023, 116, 109322. [Google Scholar] [CrossRef]

	



Wiciński, M.; Adamkiewicz, D.; Adamkiewicz, M.; Śniegocki, M.; Podhorecka, M.; Szychta, P.; Malinowski, B. Impact of vitamin D on physical efficiency and exercise performance—A review. Nutrients 2019, 11, 2826. [Google Scholar] [CrossRef]

	



Cui, X.; Eyles, D.W. Vitamin D and the central nervous system: Causative and preventative mechanisms in brain disorders. Nutrients 2022, 14, 4353. [Google Scholar] [CrossRef]

	



Marek, K.; Cichoń, N.; Saluk-Bijak, J.; Bijak, M.; Miller, E. The role of vitamin D in stroke prevention and the effects of its supplementation for post-stroke rehabilitation: A narrative review. Nutrients 2022, 14, 2761. [Google Scholar] [CrossRef]

	



Wajda, J.; Świat, M.; Owczarek, A.J.; Brzozowska, A.; Olszanecka-Glinianowicz, M.; Chudek, J. Severity of vitamin D deficiency predicts mortality in ischemic stroke patients. Dis. Markers 2019, 2019, 3652894. [Google Scholar] [CrossRef]

	



Hung, K.-C.; Wu, J.-Y.; Illias, A.M.; Chiu, C.-C.; Chang, Y.-J.; Liao, S.-W.; Wang, K.-F.; Chen, I.-W.; Sun, C.-K. Association of a low vitamin D status with risk of post-stroke depression: A meta-analysis and systematic review. Front. Nutr. 2023, 10, 1142035. [Google Scholar] [CrossRef] [PubMed]

	



Huang, G.-Q.; Cheng, H.-R.; Wu, Y.-M.; Cheng, Q.-Q.; Wang, Y.-M.; Fu, J.-L.; Zhou, H.-X.; Wang, Z. Reduced vitamin D levels are associated with stroke-associated pneumonia in patients with acute ischemic stroke. Clin. Interv. Aging 2019, 14, 2305–2314. [Google Scholar] [CrossRef] [PubMed]

	



Lasoń, W.; Jantas, D.; Leśkiewicz, M.; Regulska, M.; Basta-Kaim, A. Vitamin D3 and Ischemic Stroke: A Narrative Review. Antioxidants 2022, 11, 2120. [Google Scholar] [CrossRef] [PubMed]

	



Chen, H.; Liu, Y.; Huang, G.; Zhu, J.; Feng, W.; He, J. Association between vitamin D status and cognitive impairment in acute ischemic stroke patients: A prospective cohort study. Clin. Interv. Aging 2018, 13, 2503–2509. [Google Scholar] [CrossRef]

	



Yalbuzdag, S.A.; Sarifakioglu, B.; Afsar, S.I.; Celik, C.; Can, A.; Yegin, T.; Senturk, B.; Guzelant, A.Y. Is 25 (OH) D associated with cognitive impairment and functional improvement in stroke? A retrospective clinical study. J. Stroke Cerebrovasc. Dis. 2015, 24, 1479–1486. [Google Scholar] [CrossRef] [PubMed]

	



Yew, K.S.; Cheng, E.J.A.f.p. Acute stroke diagnosis. Am. Fam. Physician 2009, 80, 33. [Google Scholar]

	



Chen, W.-C.; Hsiao, M.-Y.; Wang, T.-G.J.J.o.t.F.M.A. Prognostic factors of functional outcome in post-acute stroke in the rehabilitation unit. J. Formos. Med Assoc. 2022, 121, 670–678. [Google Scholar] [CrossRef]

	



Trollfors, B. Ethnicity, gender and seasonal variations all play a role in vitamin D deficiency. Acta Paediatr. 2022, 111, 1596–1602. [Google Scholar] [CrossRef]

	



Herrmann, M.; Farrell, C.-J.L.; Pusceddu, I.; Fabregat-Cabello, N.; Cavalier, E. Assessment of vitamin D status—A changing landscape. Clin. Chem. Lab. Med. 2017, 55, 3–26. [Google Scholar] [CrossRef]

	



Holick, M.F. Vitamin D status: Measurement, interpretation, and clinical application. Ann. Epidemiol. 2009, 19, 73–78. [Google Scholar] [CrossRef]

	



Sempos, C.T.; Heijboer, A.C.; Bikle, D.D.; Bollerslev, J.; Bouillon, R.; Brannon, P.M.; DeLuca, H.F.; Jones, G.; Munns, C.F.; Bilezikian, J.P. Vitamin D assays and the definition of hypovitaminosis D: Results from the First International Conference on Controversies in Vitamin D. Br. J. Clin. Pharmacol. 2018, 84, 2194–2207. [Google Scholar] [CrossRef] [PubMed]

	



Topçuoğlu, C.; Sezer, S.; Yılmaz, F.M.; Kösem, A.; Ercan, M.; Turhan, T. Evaluation of the analytical performance of the Beckman Coulter Unicel DXI 800 Access Total 25 (OH) Vitamin D immunoassay. J. Lab. Med. 2018, 42, 205–211. [Google Scholar] [CrossRef]

	



Amrein, K.; Scherkl, M.; Hoffmann, M.; Neuwersch-Sommeregger, S.; Köstenberger, M.; Tmava Berisha, A.; Martucci, G.; Pilz, S.; Malle, O. Vitamin D deficiency 2.0: An update on the current status worldwide. Med. J. Clin. Endocrinol. Metab. 2020, 74, 1498–1513. [Google Scholar] [CrossRef] [PubMed]

	



Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M. Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. Med. J. Clin. Endocrinol. Metab. 2011, 96, 1911–1930. [Google Scholar] [CrossRef] [PubMed]

	



Lyden, P. Using the national institutes of health stroke scale: A cautionary tale. Stroke 2017, 48, 513–519. [Google Scholar] [CrossRef] [PubMed]

	



Kogan, E.; Twyman, K.; Heap, J.; Milentijevic, D.; Lin, J.H.; Alberts, M. Assessing stroke severity using electronic health record data: A machine learning approach. BMC Med. Inform. Decis. Mak. 2020, 20, 8. [Google Scholar] [CrossRef]

	



Miranda-Cantellops, N.; Tiu, T.K. Berg Balance Testing; StatPearls Publishing: Treasure Island, FL, USA, 2021. [Google Scholar]

	



Miyamoto, S.; Kondo, T.; Suzukamo, Y.; Michimata, A.; Izumi, S.-I. Reliability and validity of the Manual Function Test in patients with stroke. Am. J. Phys. Med. Rehabil. 2009, 88, 247–255. [Google Scholar] [CrossRef]

	



Kang, I.-W.; Beom, I.-G.; Cho, J.-Y.; Son, H.-R. Accuracy of Korean-mini-mental status examination based on Seoul neuro-psychological screening battery II results. Korean J. Fam. Med. 2016, 37, 177. [Google Scholar] [CrossRef]

	



Jung, H.Y.; Park, B.K.; Shin, H.S.; Kang, Y.K.; Pyun, S.B.; Paik, N.J.; Kim, S.H.; Kim, T.H.; Han, T.R. Development of the Korean version of Modified Barthel Index (K-MBI): Multi-center study for subjects with stroke. J. Korean Acad. Rehabil. Med. 2007, 31, 283–297. [Google Scholar]

	



Banks, J.L.; Marotta, C.A. Outcomes validity and reliability of the modified Rankin scale: Implications for stroke clinical trials: A literature review and synthesis. Stroke 2007, 38, 1091–1096. [Google Scholar] [CrossRef]

	



Iadecola, C.; Buckwalter, M.S.; Anrather, J. Immune responses to stroke: Mechanisms, modulation, and therapeutic potential. J. Clin. Investig. 2020, 130, 2777–2788. [Google Scholar] [CrossRef]

	



Simats, A.; Liesz, A. Systemic inflammation after stroke: Implications for post-stroke comorbidities. EMBO Mol. Med. 2022, 14, e16269. [Google Scholar] [CrossRef]

	



Song, K.; Li, Y.; Zhang, H.; An, N.; Wei, Y.; Wang, L.; Tian, C.; Yuan, M.; Sun, Y.; Xing, Y. Oxidative stress-mediated blood-brain barrier (BBB) disruption in neurological diseases. Oxidative Med. Cell. Longev. 2020, 2020, 4356386. [Google Scholar] [CrossRef]

	



Gonzalez–Curiel, I.; Marin-Luevano, P.; Trujillo, V.; Enciso-Moreno, J.A.; Gonzalez-Castillo, C.; Rivas-Santiago, B. Calcitriol prevents inflammatory gene expression in macrovascular endothelial cells. Br. J. Biomed. Sci. 2016, 73, 74–78. [Google Scholar] [CrossRef] [PubMed]

	



Lopez, D.V.; Al-Jaberi, F.A.; Woetmann, A.; Ødum, N.; Bonefeld, C.M.; Kongsbak-Wismann, M.; Geisler, C. Macrophages control the bioavailability of vitamin D and vitamin D-Regulated T cell responses. Front. Immunol. 2021, 12, 3899. [Google Scholar] [CrossRef] [PubMed]

	



Pál, É.; Ungvári, Z.; Benyó, Z.; Várbíró, S. Role of vitamin d deficiency in the pathogenesis of cardiovascular and cerebrovascular diseases. Nutrients 2023, 15, 334. [Google Scholar] [CrossRef] [PubMed]

	



Yarlagadda, K.; Ma, N.; Doré, S. Vitamin D and stroke: Effects on incidence, severity, and outcome and the potential benefits of supplementation. Front. Neurol. 2020, 11, 384. [Google Scholar] [CrossRef] [PubMed]

	



Hadjadj, L.; Pál, É.; Monori-Kiss, A.; Sziva, R.E.; Korsós-Novák, Á.; Mária Horváth, E.; Benkő, R.; Magyar, A.; Magyar, P.; Benyó, Z. Vitamin D deficiency and androgen excess result eutrophic remodeling and reduced myogenic adaptation in small cerebral arterioles in female rats. Gynecol. Endocrinol. 2019, 35, 529–534. [Google Scholar] [CrossRef]

	



Kim, D.-H.; Meza, C.A.; Clarke, H.; Kim, J.-S.; Hickner, R.C. Vitamin D and endothelial function. Nutrients 2020, 12, 575. [Google Scholar] [CrossRef] [PubMed]

	



Hou, Y.-C.; Lu, C.-L.; Zheng, C.-M.; Liu, W.-C.; Yen, T.-H.; Chen, R.-M.; Lin, Y.-F.; Chao, C.-T.; Lu, K.-C. The role of vitamin D in modulating mesenchymal stem cells and endothelial progenitor cells for vascular calcification. Int. J. Mol. Sci. 2020, 21, 2466. [Google Scholar] [CrossRef]

	



Sayeed, I.; Turan, N.; Stein, D.G.; Wali, B. Vitamin D deficiency increases blood-brain barrier dysfunction after ischemic stroke in male rats. Exp. Neurol. 2019, 312, 63–71. [Google Scholar] [CrossRef]

	



Bollen, S.E.; Bass, J.J.; Fujita, S.; Wilkinson, D.; Hewison, M.; Atherton, P.J. The Vitamin D/Vitamin D receptor (VDR) axis in muscle atrophy and sarcopenia. Cell. Signal. 2022, 96, 110355. [Google Scholar] [CrossRef] [PubMed]

	



Iolascon, G.; Moretti, A.; Paoletta, M.; Liguori, S.; Di Munno, O. Muscle regeneration and function in sports: A focus on vitamin D. Medicina 2021, 57, 1015. [Google Scholar] [CrossRef] [PubMed]

	



Boersma, D.; Demontiero, O.; Amiri, Z.M.; Hassan, S.; Suarez, H.; Geisinger, D.; Suriyaarachchi, P.; Sharma, A.; Duque, G. Vitamin D status in relation to postural stability in the elderly. J. Nutr. Health Aging 2012, 16, 270–275. [Google Scholar] [CrossRef] [PubMed]

	



Selim, F.O.; Fahmi, R.M.; Ali, A.E.; Raafat, N.; Elsaid, A.F. Serum vitamin D levels in acute stroke patients. Egypt. J. Neurol. Psychiatry Neurosurg. 2019, 55, 80. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Narasimhan, S.; Balasubramanian, P.J. Role of vitamin D in the outcome of ischemic stroke-a randomized controlled trial. J. Clin. Diagn. Res. 2017, 11, CC06. [Google Scholar] [CrossRef] [PubMed]

	



Momosaki, R.; Abo, M.; Urashima, M. Vitamin D supplementation and post-stroke rehabilitation: A randomized, double-blind, placebo-controlled trial. Nutrients 2019, 11, 1295. [Google Scholar] [CrossRef]

	



Torrisi, M.; Bonanno, L.; Formica, C.; Arcadi, F.A.; Cardile, D.; Cimino, V.; Bramanti, P.; Morini, E. The role of rehabilitation and vitamin D supplementation on motor and psychological outcomes in poststroke patients. Medicine 2021, 100, e27747. [Google Scholar] [CrossRef]

	



Karasu, A.U.; Karataş, G.K. Effect of vitamin D supplementation on lower extremity motor function and ambulationin stroke patients. Turk. J. Med. Sci. 2021, 51, 1413–1419. [Google Scholar] [CrossRef]

	



Gupta, A.; Prabhakar, S.; Modi, M.; Bhadada, S.K.; Kalaivani, M.; Lal, V.; Khurana, D. Effect of Vitamin D and calcium supplementation on ischaemic stroke outcome: A randomised controlled open-label trial. Int. J. Clin. Pr. 2016, 70, 764–770. [Google Scholar] [CrossRef] [PubMed]

	



Sari, A.; Durmus, B.; Karaman, C.A.; Ogut, E.; Aktas, I. A randomized, double-blind study to assess if vitamin D treatment affects the outcomes of rehabilitation and balance in hemiplegic patients. J. Phys. Ther. Sci. 2018, 30, 874–878. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 04957 g001] 





Figure 1. Flow diagram for patient selection. 
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Figure 2. Receiver operating characteristic curve analyses for the associations of serum vitamin D levels with initial stroke severity and functional outcomes. (A) NIHSS (AUC: 0.71; cut-off: 17.22 ng/mL; sensitivity: 0.74; specificity: 0.38; p < 0.001), (B) BBS (AUC: 0.62; cut-off: 17.05 ng/mL; sensitivity: 0.67; specificity: 0.41; p = 0.008), (C) MFT (AUC: 0.67; cut-off: 16.06 ng/mL; sensitivity: 0.62; specificity: 0.35; p < 0.001), (D) K-MMSE (AUC: 0.69; cut-off: 18.27 ng/mL; sensitivity: 0.72; specificity: 0.40; p < 0.001), (E) K-MBI (AUC: 0.66; cut-off: 17.14 ng/mL; sensitivity: 0.66; specificity: 0.38; p < 0.001), (F) mRS (AUC: 0.65; cut-off: 17.14 ng/mL; sensitivity: 0.66; specificity: 0.39; p = 0.001). Abbreviations: NIHSS, National Institutes of Health Stroke Scale; BBS, Berg Balance Scale; MFT, Manual Function Test; K-MMSE, Korean Mini-Mental State Examination; K-MBI, Korean version of the modified Barthel Index; mRS, modified Rankin Scale; AUC, area under the curve. 
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Table 1. Baseline characteristics of patients with acute ischemic stroke according to the level of vitamin D.
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Total

	
Vit D Sufficient Group

(25-OHD > 30 ng/mL)

	
Vit D insufficient Group

(30 ng/mL ≥ 25-OHD ≥ 20 ng/mL)

	
Vit D Deficient Group

(25-OHD < 20 ng/mL)

	




	

	
(n = 192)

	
(n = 28)

	
(n = 49)

	
(n = 115)

	
p-Value






	
Demographics

	

	

	

	

	




	
Age (years)

	
74.0 (64.0–83.0)

	
73.5 (66.8–83.3)

	
74.0 (66.0–82.0)

	
73.0 (63.0–83.0)

	
0.957




	
Female sex, n (%)

	
78 (40.6)

	
16 (57.1)

	
17 (34.7)

	
45 (39.1)

	
0.136




	
BMI (kg/m2)

	
24.0 ± 3.3

	
24.3 ± 2.9

	
23.9 ± 3.3

	
24.0 ± 3.5

	
0.876




	
Season

	

	

	

	

	
0.017 *




	
Spring, n (%)

	
33 (17.2)

	
6 (21.4)

	
8 (16.3)

	
19 (16.5)

	




	
Summer, n (%)

	
72 (37.5)

	
12 (42.9)

	
25 (51.0)

	
35 (30.4)

	




	
Autumn, n (%)

	
39 (20.3)

	
7 (25.0)

	
9 (18.4)

	
23 (20.0)

	




	
Winter, n (%)

	
48 (25.0)

	
3 (10.7)

	
7 (12.3)

	
38 (33.0)

	




	
Medical history

	

	

	

	

	




	
Hypertension, n (%)

	
114 (59.4)

	
20 (71.4)

	
29 (59.2)

	
65 (56.5)

	
0.354




	
Diabetes mellitus, n (%)

	
69 (35.9)

	
13 (46.4)

	
18 (36.7)

	
38 (33.0)

	
0.413




	
Dyslipidemia, n (%)

	
71 (37.0)

	
16 (57.1)

	
15 (30.6)

	
40 (34.8)

	
0.050




	
Coronary artery disease, n (%)

	
24 (12.5)

	
4 (14.3)

	
6 (12.2)

	
14 (12.2)

	
0.953




	
Smoking, n (%)

	
65 (33.9)

	
7 (25.0)

	
17 (34.7)

	
41 (35.7)

	
0.559




	
Alcohol consumption, n (%)

	
67 (34.9)

	
8 (28.6)

	
19 (38.8)

	
40 (34.8)

	
0.664




	
Intravenous thrombolysis, n (%)

	
20 (10.4)

	
3 (10.7)

	
6 (12.2)

	
11 (9.6)

	
0.875




	
Endovascular therapy, n (%)

	
34 (17.7)

	
3 (10.7)

	
7 (14.3)

	
24 (20.9)

	
0.346




	
Onset to admission time (days)

	
2 (1–3)

	
2 (1–2)

	
2 (1–3)

	
2 (1–3)

	
0.979




	
Length of hospital stay (days)

	
24 (19–35)

	
23 (20–35)

	
25 (20–34)

	
24 (19–37)

	
0.954




	
Laboratory findings

	

	

	

	

	




	
25-OHD (ng/mL)

	
17.1 (12.2–24.2)

	
40.1 (35.7–43.0)

	
23.4 (21.5–27.3)

	
13.1 (9.3–16.6)

	
<0.001 ***




	
Hemoglobin (g/dL)

	
13.7 ± 1.8

	
13.2 ± 2.0

	
13.9 ± 1.5

	
13.7 ± 1.9

	
0.253




	
Platelet (109/L)

	
224 (174–256)

	
221 (173–253)

	
215 (171–250)

	
228 (183–261)

	
0.581




	
WBC (109/L)

	
6.9 (5.6–8.7)

	
6.6 (5.0–7.7)

	
6.9 (6.1–8.2)

	
7.3 (5.6–9.0)

	
0.156




	
hsCRP (mg/L)

	
0.2 (0.1–0.5)

	
0.1 (0.0–0.3)

	
0.1 (0.1–0.3)

	
0.2 (0.1–0.6)

	
0.194




	
HbA1c (%)

	
5.8 (5.4–6.5)

	
6.0 (5.5–7.2)

	
5.8 (5.4–6.6)

	
5.8 (5.4–6.4)

	
0.359




	
TC (mg/dL)

	
178 (150–203)

	
163 (125–206)

	
176 (154–196)

	
183 (152–204)

	
0.403




	
TG (mg/dL)

	
115 (84–175)

	
115 (87–152)

	
106 (80–145)

	
120 (86–190)

	
0.429




	
HDL (mg/dL)

	
45 (38–52)

	
45 (37–52)

	
49 (40–54)

	
45 (37–52)

	
0.224




	
LDL (mg/dL)

	
104 (82–123)

	
93 (69–123)

	
103 (89–119)

	
106 (82–126)

	
0.508








* p < 0.05, *** p < 0.001. Note: Continuous variables with normal distributions are presented as means ± standard deviations. Continuous variables with non-normal distributions are presented as medians (interquartile ranges). Categorical variables are presented as numbers and percentages. Abbreviations: BMI, body mass index; 25-OHD, 25-hydroxy vitamin D; WBC, white blood cell; hsCRP, highly sensitive C-reactive protein; HbA1c, hemoglobin A1c; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Vit D, vitamin D.













 





Table 2. Univariate and multivariate logistic analyses of initial stroke severity and functional outcomes according to sufficient, insufficient, and deficient serum vitamin D levels.
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Vit D Sufficient Group

(25-OHD > 30)

	
Vit D Insufficient Group

(30 ≥ 25-OHD ≥ 20)

	
Vit D Deficient Group

(25-OHD < 20)




	

	
(n = 28)

	
(n = 49)

	
(n = 115)






	
Moderate-to-severe stroke severity (NIHSS ≥ 5)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
0.77 (0.22–2.69), p = 0.609

	
4.07 (1.45–11.45), p = 0.008 **




	
Adjusted OR (95% CI)

	
ref

	
0.66 (0.13–3.28), p = 0.609

	
4.98 (1.22–20.33), p = 0.025 *




	
Poor BBS score (BBS ≤ 20)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.17 (0.63–7.44), p = 0.219

	
4.00 (1.30–12.29), p = 0.015 *




	
Adjusted OR (95% CI)

	
ref

	
2.33 (0.57–9.62), p = 0.242

	
3.83 (1.01–4.51), p = 0.048 *




	
Poor MFT score (MFT ≤ 19)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.70 (0.69–10.56), p = 0.153

	
5.36 (1.53–18.79), p = 0.009 **




	
Adjusted OR (95% CI)

	
ref

	
3.09 (0.69–13.89), p = 0.141

	
5.69 (1.36–23.83), p = 0.017 *




	
Poor K-MMSE score (MMSE ≤ 23)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.44 (0.79–7.58), p = 0.122

	
5.57 (1.98–15.68), p = 0.001 **




	
Adjusted OR (95% CI)

	
ref

	
3.93 (0.90–17.14), p = 0.068

	
9.80 (2.40–39.93), p = 0.001 **




	
Poor K-MBI score (MBI ≤ 50)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.44 (0.79–7.58), p = 0.122

	
5.38 (1.91–15.14), p = 0.001 **




	
Adjusted OR (95% CI)

	
ref

	
3.11 (0.81–11.93), p = 0.099

	
7.13 (1.98–25.59), p = 0.003 **




	
Poor mRS score (mRS ≥ 3)

	

	

	




	
Unadjusted OR (95% CI)

	
ref

	
1.79 (0.60–5.23), p = 0.297

	
3.60 (1.36–9.54), p = 0.010 *




	
Adjusted OR (95% CI)

	
ref

	
2.07 (0.58–7.35), p = 0.261

	
3.58 (1.12–11.49), p = 0.032 *








* p < 0.05, ** p < 0.01. Adjusted for age, sex, BMI, season, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, smoking, alcohol consumption, intravenous thrombolysis, endovascular therapy, onset-to-admission time, and hemoglobin, platelet, WBC, hsCRP, HbA1c, TC, TG, HDL, and LDL levels. Abbreviations: NIHSS, National Institutes of Health Stroke Scale; BBS, Berg Balance Scale; MFT, Manual Function Test; K-MMSE, Korean Mini-Mental State Examination; K-MBI, Korean version of the modified Barthel Index; mRS, modified Rankin Scale; OR, odds ratio; CI, confidence interval; Vit D, vitamin D.













 





Table 3. Univariate and multivariate logistic analyses of initial stroke severity and functional outcomes according to non-deficient and deficient serum vitamin D levels.
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Vit D Non-Deficient Group

(25-OHD ≥ 20 ng/mL)

	
Vit D Deficient Group

(25-OHD < 20 ng/mL)




	

	
(n = 77)

	
(n = 115)






	
Moderate-to-severe stroke severity (NIHSS ≥ 5)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
4.80 (2.34–9.82), p < 0.001 ***




	
Adjusted OR (95% CI)

	
ref

	
6.52 (2.40–17.73), p < 0.001 ***




	
Poor BBS score (BBS ≤ 20)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.35 (1.22–4.53), p = 0.010 *




	
Adjusted OR (95% CI)

	
ref

	
2.11 (0.94–4.73), p = 0.069




	
Poor MFT score (MFT ≤ 19)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.66 (1.35–5.23), p = 0.005 **




	
Adjusted OR (95% CI)

	
ref

	
2.55 (1.10–5.89), p = 0.029 *




	
Poor K-MMSE score (MMSE ≤ 23)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
3.03 (1.64–5.61), p < 0.001 ***




	
Adjusted OR (95% CI)

	
ref

	
3.94 (1.58–9.83), p = 0.003 **




	
Poor K-MBI score (MBI ≤ 50)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.93 (1.58–5.41), p = 0.001 **




	
Adjusted OR (95% CI)

	
ref

	
3.31 (1.45–7.56), p = 0.004 **




	
Poor mRS score (mRS ≥ 3)

	

	




	
Unadjusted OR (95% CI)

	
ref

	
2.46 (1.33–4.54), p = 0.004 **




	
Adjusted OR (95% CI)

	
ref

	
2.24 (1.02–4.92), p = 0.045 *








* p < 0.05, ** p < 0.01, *** p < 0.001. Adjusted for age, sex, BMI, season, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, smoking, alcohol consumption, intravenous thrombolysis, endovascular therapy, onset-to-admission time, and hemoglobin, platelet, WBC, hsCRP, HbA1c, TC, TG, HDL, and LDL levels. Abbreviations: NIHSS, National Institutes of Health Stroke Scale; BBS, Berg Balance Scale; MFT, Manual Function Test; K-MMSE, Korean Mini-Mental State Examination; K-MBI, Korean version of the modified Barthel Index; mRS, modified Rankin Scale; OR, odds ratio; CI, confidence interval; Vit D, vitamin D.













 





Table 4. Correlation of serum vitamin D levels with initial stroke severity and functional outcomes.
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	Variables
	Spearman’s Correlation Coefficient (ρ)
	p-Value





	Vit D-NIHSS
	−0.402
	<0.001 ***



	Vit D-BBS
	0.200
	0.006 **



	Vit D-MFT
	0.334
	<0.001 ***



	Vit D-K-MMSE
	0.297
	<0.001 ***



	Vit D-K-MBI
	0.311
	<0.001 ***



	Vit D-mRS
	−0.274
	<0.001 ***







** p < 0.01, *** p < 0.001. Abbreviations: Vit D, vitamin D; NIHSS, National Institutes of Health Stroke Scale; BBS, Berg Balance Scale; MFT, Manual Function Test; K-MMSE, Korean Mini-Mental State Examination; K-MBI, Korean version of the modified Barthel Index; mRS, modified Rankin Scale.













 





Table 5. Logistic regression based on optimal serum vitamin D cut-off levels for initial stroke severity and functional outcomes.
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	Variables
	AUC (95% CI)
	Cut-off Value (ng/mL)
	Sensitivity
	Specificity
	Unadjusted OR (95% CI)
	Adjusted OR (95% CI)





	NIHSS
	0.71 (0.63–0.79), p < 0.001 ***
	17.22
	0.74
	0.38
	4.68 (2.42–9.05), p < 0.001 ***
	6.02 (2.34–15.50), p < 0.001 ***



	BBS
	0.62 (0.54–0.70), p = 0.008 **
	17.05
	0.67
	0.41
	2.87 (1.53–5.39), p = 0.001 **
	2.47 (1.12–5.44), p = 0.025 *



	MFT
	0.67 (0.58–0.74), p < 0.001 ***
	16.06
	0.62
	0.35
	3.01 (1.60–5.66), p = 0.001 **
	2.33 (1.07–5.10), p = 0.033 *



	K-MMSE
	0.69 (0.62–0.76), p < 0.001 ***
	18.27
	0.72
	0.40
	3.78 (2.06–6.96), p < 0.001 ***
	4.83 (1.92–12.18), p = 0.001 **



	K-MBI
	0.66 (0.58–0.73), p < 0.001 ***
	17.14
	0.66
	0.38
	3.10 (1.71–5.62), p < 0.001 ***
	3.17 (1.41–7.17), p = 0.005 **



	mRS
	0.65 (0.57–0.73), p = 0.001 **
	17.14
	0.66
	0.39
	3.02 (1.66–5.50), p < 0.001 ***
	2.71 (1.24–5.94), p = 0.013 *







* p < 0.05, ** p < 0.01, *** p < 0.001. Adjusted for age, sex, BMI, season, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, smoking, alcohol consumption, intravenous thrombolysis, endovascular therapy, onset-to-admission time, and hemoglobin, platelet, WBC, hsCRP, HbA1c, TC, TG, HDL, and