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Effect of Vitamin D Supplementation on Lower Extremity Motor Function and 1 

Ambulation in Stroke Patients 2 

Abstract 3 

Aim: The aim of this study was to investigate the effect of vitamin D supplementation on 4 

ambulation and mobility in hospitalized patients undergoing stroke rehabilitation. 5 

Material and methods: This study was conducted retrospectively between September 6 

2020 and October 2020 in Gazi University Faculty of Medicine Physical Medicine and 7 

Rehabilitation Department. Seventy-six patients who received inpatient stroke 8 

rehabilitation treatment between May 2018 and February 2020 were included in the study. 9 

The patients were divided into two groups as those who did and did not take vitamin D 10 

supplements. Lower extremity motor function and ambulation status were compared 11 

using Brunnstrom Recovery Stage (lower extremity) and Functional Ambulation 12 

Classification (FAC) scores before and after rehabilitation. 13 

Results: Thirty-nine patients received vitamin D treatment during the rehabilitation 14 

process and 37 patients did not. The two groups were similar according to age, sex, time 15 

since stroke, stroke type, comorbid diseases, nutritional status, rehabilitation duration, 16 

and FAC and Brunnstrom scores before rehabilitation (p>0.05). At the end of 17 

rehabilitation, the changes in FAC and Brunnstrom scores were higher in patients 18 

receiving vitamin D supplementation (p=0.005 and p=0.018). The change in FAC and 19 

Brunnstrom scores in patients who were undergoing rehabilitation for the first time and/or 20 

in the first 3 months after stroke was higher in the group receiving vitamin D 21 

supplementation compared with the group not receiving vitamin D (p<0.05). In patients 22 

who were not within the first 3 months after stroke, vitamin D treatment did not affect 23 

FAC and Brunnstrom scores. 24 
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Conclusion: Vitamin D supplementation may increase the success of rehabilitation 25 

therapy in patients during the first 3 months post-stroke. 26 

Keywords: Stroke rehabilitation; vitamin D; brunnstrom recovery stage; functional 27 

ambulation 28 

 29 
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1. Introduction 31 

Stroke is one of the most common causes of mortality and long-term disability [1]. The 32 

risk of life-long stroke in adult women and men is approximately 25% [2]. Advances in 33 

acute stroke treatment have increased the survival rates after stroke. Patients with stroke 34 

need rehabilitation due to different rates of disability [3]. After treatment of acute stroke, 35 

physical rehabilitation is an important part of stroke management and is necessary to 36 

compensate for disabilities and to maximize functional performance. Many factors affect 37 

the success of rehabilitation treatment. Regardless of the cause of the stroke, factors such 38 

as patient age, stroke severity, comorbid diseases, degree of the deficit, and the nutritional 39 

status of the patient affect post-stroke rehabilitation success. 40 

Vitamin D deficiency is very common in Turkish society (73.9%) [4]. Vitamin D 41 

deficiency is a common problem in patients with stroke, and its prevalence in this patient 42 

group is about 71% [5]. Common causes of vitamin deficiency in patients with stroke are 43 

malnutrition, immobility, and insufficient sunlight exposure. Low serum vitamin D levels 44 

in these patients cause musculoskeletal problems and recent studies demonstrated that it 45 

also increased stroke severity, disability, cerebrovascular accidents, and cardiovascular 46 

death and mortality [6].  47 

Vitamin D is very important for nervous system functions. It has a significant 48 

neuroprotective effect as a neurosteroid, and vitamin D receptors are widely expressed in 49 

neuronal and glial cells. Vitamin D increases neurotrophin production and secretion; it is 50 

involved in the synthesis of neuromediators and intracellular Ca homeostasis and 51 

prevention of oxidative damage in nerve tissue. In clinical studies, the frequency of some 52 

central nervous system diseases (schizophrenia and multiple sclerosis) has been shown to 53 
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increase with vitamin D deficiency [7]. In a meta-analysis, it was reported that dementia 54 

is more common in vitamin D deficiency [8]. The correlation between neurodegenerative 55 

diseases and vitamin D deficiency may be related to the role of vitamin D in the regulation 56 

of nerve growth factor synthesis. Dysregulation of neuronal Ca levels negatively affects 57 

neuronal functions [9]. Vitamin D is important for the development and differentiation of 58 

neuronal cells. Vitamin D is also a micronutrient that acts as an antioxidant in the central 59 

nervous system. Calcitriol increases iNOS synthesis and the amount of glutathione in the 60 

central nervous system. Thus, it reduces oxidative stress and provides vasodilation [10]. 61 

Its role in Ca metabolism makes vitamin D important for the control of the relaxation 62 

response of striated muscle. In vitamin D deficiency, oxidative stress increases in striated 63 

muscle, and mitochondrial dysfunction increases and muscle atrophy may be observed 64 

[11]. Because of these effects of vitamin D on nervous and musculoskeletal systems, it is 65 

reasonable to expect adequate vitamin D levels and proper supplementation will have 66 

positive effects on post-stroke rehabilitation. 67 

In the literature, there are contradictory results in studies that investigated the effect of 68 

vitamin D supplementation on post-stroke rehabilitation [12, 13]. The aim of the current 69 

study was to compare the lower extremity motor function and ambulation gains obtained 70 

with post-stroke rehabilitation in patients with stroke who received vitamin D 71 

supplementation.    72 

 73 

 74 

2. Material method 75 

The study was conducted retrospectively between September 2020 and October 2020 at 76 

Gazi University Faculty of Medicine Physical Medicine and Rehabilitation Department. 77 
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The study protocol was approved by the Gazi University Faculty of Medicine ethics 78 

committee (Decision Number: 559). Seventy-six patients who received inpatient stroke 79 

rehabilitation treatment between May 2018 and February 2020 were included in the study. 80 

The demographic and clinical data of the patients were collected by reviewing electronic 81 

and physical patient files. Patients who had stroke for the first time were enrolled in the 82 

study. Physical examination and imaging methods [computed tomography (CT), 83 

magnetic resonance imaging (MRI)] were used for differential diagnosis. The exclusion 84 

criteria were: (1) absence of pre-rehabilitation vitamin D level measurement, (2) having 85 

chronic kidney, liver, or lung diseases that might interfere with vitamin D levels, (3) being 86 

on a current steroid treatment, and (4) previous history of orthopedic problems known to 87 

affect lower extremity functions. Patients' age, sex, time elapsed from the onset of stroke 88 

to the start of rehabilitation, duration of rehabilitation, type of stroke, comorbid diseases, 89 

and nutritional status were recorded. 25-hydroxyvitamin D (25(OH)D) serum levels 90 

measured as ng/mL in the first week after hospitalization were recorded. Lower extremity 91 

motor function and ambulation were evaluated using Brunnstrom Recovery Stage (BRS) 92 

(lower extremity) and Functional Ambulation Classification (FAC). The BRS assessment 93 

scores the clinical severity of hemiplegia from 1 to 6. A score of 1 indicates paralysis and 94 

6 indicates normal force and function [14]. FAC evaluates ambulation in 6 categories 95 

ranging from 0 to 5. A score of 0 means that the patient is not ambulatory, and 5 indicates 96 

normal ambulation [15].  The patients included in the study were divided into two groups 97 

as those who received vitamin D treatment during the rehabilitation period and those who 98 

did not. Weekly vitamin D (50,000 IU) support for 4-12 weeks was given to patients 99 

orally during the rehabilitation period and the total vitamin D dose ranged from 200,000-100 

600,000 IU. Vitamin D levels before rehabilitation, BRS and FAC scores and changes in 101 
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BRS and FAC scores before and after rehabilitation were compared between the two 102 

groups. 103 

The Statistical Package for the Social Sciences version 22 (SPSS Inc., Chicago) data 104 

analysis program was used for statistical analysis. For comparison of demographic 105 

features, the Mann-Whitney U test was used for nonparametric continuous variables, and 106 

the Chi-square test was used for discrete variables. In the presentation of statistical data, 107 

continuous variables are expressed as median, minimum-maximum values, and discrete 108 

variables as percentages. A p-value of less than 0.05 was considered to be statistically 109 

significant. 110 

3. Results 111 

There were 76 patients enrolled in the study. Thirty-seven (49%) of these patients did not 112 

receive vitamin D treatment during rehabilitation and 39 (51%) did. Some of the 113 

demographic characteristics of the patients are summarized in Table 1. 114 

 115 

Table 1: Demographic data and clinical characteristics of the patients. 116 

 117 

 118 

Pre-rehabilitation Vitamin D levels of patients are summarized in Figure 1. There were 119 

four patients with a normal vitamin D levels (5.3%). The median value of vitamin D levels 120 

of all patients before rehabilitation treatment was 17 ng/mL (8-41). 121 

 122 

Figure 1. Distribution of patients' vitamin D levels 123 

 124 
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In 32% of patients (n=24), the time elapsed after the stroke was less than 3 months. This 125 

period was more than 3 months in 68% (n=52). 126 

The comparison of FAC and BRS scores of patients who did and did not receive vitamin 127 

D treatment during the rehabilitation process is shown in Table 2. There was no 128 

statistically significant difference in the initial FAC and BRS scores between those who 129 

did and did not receive vitamin D treatment during rehabilitation (p=0.872 and p=0.906). 130 

Post-rehabilitation FAC and BRS scores were also similar in both groups (p=0.151 and 131 

p=0.153). However, the change in FAC and BRS scores after rehabilitation treatment was 132 

higher in the group receiving vitamin D (p=0.005 and p=0.018). 133 

 134 

Table 2: Effect of Vitamin D Treatment on Ambulation and Lower Extremity Motor 135 

Function 136 

When the patients who received rehabilitation treatment for the first time were examined 137 

(n=51), no difference was observed between the two groups in terms of pre and post-138 

rehabilitation FAC and BRS scores (p>0.05). However, the FAC and BRS score changes 139 

after rehabilitation treatment were statistically different between the two groups (p=0.035 140 

and p=0.024). The improvement in these evaluations was higher in the group receiving 141 

vitamin D treatment. The initial vitamin D levels were similar in these patients (p=0.543) 142 

[controls: 18 (8-41) ng/mL and Vitamin D: 15 (8-28) ng/mL] (Table 3). 143 

Table 3: The Effect of Vitamin D Therapy on Ambulation and Lower Extremity 144 

Motor Function in Patients Undergoing Rehabilitation for the First Time 145 

 146 
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In previously rehabilitated patients (n=25), FAC and BRS scores before and after 147 

rehabilitation and changes in these scores were similar (p>0.05). Initial vitamin D levels 148 

were also similar in these patients (p=0.564) (Table 4). 149 

Table 4: The Effect of Vitamin D Treatment on Ambulation and Lower Extremity 150 

Motor Function in Patients who had Received Previous Rehabilitation Treatment 151 

The effects of Vitamin D treatment on FAC and BRS scores were compared in the 152 

patients who started rehabilitation treatment in the first 3 months after stroke. The change 153 

in FAC and BRS scores was found to be statistically significant in patients receiving 154 

vitamin D treatment (p=0.005 and p=0.047) (Table 5). 155 

Table 5: The Effect of Vitamin D Treatment on Ambulation and Lower Extremity 156 

Motor Function in Patients with Stroke in the First 3 Months After Stroke 157 

In patients who were not within the first 3 months after stroke, vitamin D treatment had 158 

no effect on FAC and BRS scores (p>0.05) (Table 6). 159 

Table 6: Effect of Vitamin D Treatment on Ambulation and Lower Extremity Motor 160 

Function in Patients with Stroke Who Were Not Within The First 3 Months Of 161 

Stroke  162 
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4. Discussion 163 

In this clinical trial, it was observed that vitamin D supplementation during stroke 164 

rehabilitation might have positive effects on ambulation and lower extremity motor 165 

functions. The positive change in FAC and BRS scores in patients receiving vitamin D 166 

treatment was found to be statistically significant (p>0.05). There are studies in the 167 

literature investigating the effect of patient vitamin D levels on rehabilitation success. We 168 

think that this study is valuable in terms of investigating the effect of vitamin D 169 

supplementation given during rehabilitation. 170 

The effect of vitamin D levels on the functional outcomes of rehabilitation has been 171 

studied in many different disease groups such as spinal cord injury, fibromyalgia, and 172 

stroke [16-18]. Liu et al. conducted a meta-analyses investigating the effect of serum 173 

vitamin D level on functional results in patients with stroke; they examined 10 studies 174 

including 6845 patients with stroke and concluded that vitamin D deficiency affected 175 

functional gains negatively [18]. There are also studies reporting that vitamin D 176 

deficiency is a predictor of overall prognosis in patients with stroke and increases 177 

morbidity and mortality [19-21]. On the other hand, there are contradictory results 178 

regarding the effect of vitamin D supplementation in the rehabilitation success of patients 179 

with stroke. In a randomized controlled trial, Momosaki et al. compared placebo with 180 

2000 IU/day vitamin D treatment given during 8 weeks’ rehabilitation treatment of 181 

patients with acute stroke. Functional outcomes before and after rehabilitation were 182 

evaluated using the Barthel Index and Brunnstrom motor recovery stage and it was 183 

reported that vitamin D supplementation did not improve functional gains [12]. However, 184 

a relatively low dose of vitamin D was used in this study. Therefore, adequate vitamin D 185 

levels may not have been reached and the desired effect may not have been observed. 186 
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Gupta et al. evaluated the effect of high-dose vitamin D treatment (600,000 IU) on 187 

functional gains using modified Rankin scores in patients with acute stroke with low 188 

vitamin D levels and stated that functional gains were better in those receiving vitamin D 189 

support [13].  190 

In the general population, it is recommended to provide weekly vitamin D (50,000 IU) 191 

support for 8-12 weeks in the treatment of severe vitamin D deficiency [22]. As far as we 192 

know, a special vitamin D treatment regimen recommended for patients with stroke with 193 

vitamin D deficiency is not available. Narasimhan et al. compared the rehabilitation 194 

success between patients receiving 600,000 IU cholecalciferol supplementation and 195 

patients without vitamin D supplementation using the Scandinavian Stroke Scale in 196 

patients with ischemic stroke. It was reported that there was a significant improvement in 197 

stroke outcomes after three months in patients who were supplemented with vitamin D 198 

[23]. Sarı et al. administered 300,000 IU cholecalciferol (IM) at the beginning of 199 

rehabilitation in chronic stroke patients and investigated its effect on rehabilitation 200 

outcomes using BRS, FAC, the modified Bartel Index, and Berg Balance Scale (BBS) at 201 

the beginning of rehabilitation and 3rd month of vitamin D administration. It was reported 202 

that vitamin D treatment increased activity levels and accelerated balance recovery, but 203 

did not significantly affect ambulation or motor recovery [24]. The results of Sarı et al. 204 

regarding ambulation and motor recovery are different from those in our study. This may 205 

be due to their patients included in the study not being within the first 3 months after 206 

stroke and in our study, oral vitamin D treatment was given to patients during the 207 

rehabilitation period and the total vitamin D dose ranged from 200,000-600,000 IU. In 208 

our study, the changes in BRS and FAC scores evaluating functional activity in patients 209 

receiving vitamin D treatment were found to be better in the group of patients who were 210 
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rehabilitated for the first time. The change in BRS and FAC scores was higher in patients 211 

who started rehabilitation in the first 3 months after stroke and received vitamin D 212 

treatment. This effect was not observed in those who had previously received 213 

rehabilitation treatment. There was no significant difference in BRS and FAC scores in 214 

patients who started rehabilitation after the third month of stroke. Most of the functional 215 

motor gains in patients with stroke occur in the first three months after stroke [25]. For 216 

this reason, vitamin D treatment may not have contributed to the changes in BRS and 217 

FAC scores in patients within the chronic period and patients who had previously received 218 

rehabilitation. We think that vitamin D treatment is beneficial and important, especially 219 

in patients who are in the first 3 months after stroke and who are rehabilitated for the first 220 

time.  221 

The most important limitations of this study are its retrospective design and the fact that 222 

vitamin D supplementation has not been used in different treatment regimens and doses. 223 

We think that there is a need for randomized controlled studies investigating the effects 224 

of different doses of vitamin D treatment. Another limitation is that only the FAC and 225 

BRS stages are used as the outcome measures to assess ambulation and mobility. Due to 226 

the retrospective design of the study, scales such as Functional Independence Measure 227 

and BBS, which can provide information about general functional gains and balance, 228 

could not be used. Another limitation of the study is the lack of knowledge about whether 229 

patients with previous rehabilitation treatment were evaluated for vitamin D levels during 230 

their previous rehabilitation treatment and whether these patients received vitamin D 231 

support. One of the reasons for not observing the effect of vitamin D supplementation in 232 

these patients in the chronic phase may be due to the fact that the maximum recovery 233 

expected in these patients has already occurred in the first 3 months, which are critical. 234 
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However, we think it is important that vitamin D supplementation has a positive effect on 235 

BRS and FAC score changes in patients who are in the first 3 months after stroke and 236 

who have not received any rehabilitation before. 237 

As a result, we think vitamin D supplementation in patients with stroke may increase 238 

rehabilitation success, especially in patients who are in the first 3 months after stroke and 239 

who will receive rehabilitation treatment for the first time. 240 
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Table 1: Demographic data and clinical characteristics of the patients. 311 

 Vitamin D   

 Control (n=37) Vitamin D (n=39) p value 

Age (years) 60 (14-89) 64 (25-83) 0.917 

Sex    

 Female 16 (21%) 26 (34%) 0.069 

 Male 21 (28%) 13 (17%)  

Stroke    

 Hemorrhagic 10 (13%) 6 (8%) 0.365 

 Ischemic 23 (30%) 30 (39%)  

 Tumor 4 (5%) 3 (4%)  

Stroke-Rehabilitation 

Interval (months) 

4 (0.5-72) 3 (0.5-156) 0,975 

Stroke    

 Subacute  

(1-4 week) 

12 (16%) 12 (16%) 0.876 

 Chronic  

(>4 week) 

25 (33%) 27 (36%) 

Side    

 Right 18 (24%) 19 (25%) 0.367 

 Left 19 (25%) 18 (24%)  

 Bilateral 0 2 (2%)  

Previous Rehab     



 17 

 Yes 14 (18%) 11 (14%) 0.372 

 No 23 (30%) 28 (37%)  

Rehabilitation 

duration(days) 

43 (22-90) 43 (22-90) 0.451 

  312 
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Table 2: Effect of Vitamin D Treatment on Ambulation and Lower Extremity Motor 313 

Function 314 

 Vitamin D   

 Control (n=37) Vitamin D (n=39) p value 

FAC    

 Pre-rehab 3 (1-5) 2 (0-4) 0.872 

 Post-rehab 3 (0-5) 3 (0-5) 0.151 

 Change 0 (0-3) 1 (0-4) 0.005 

BRS    

 Pre-rehab 2 (0-6) 4 (1-6) 0.906 

 Post-rehab 4 (1-6) 5 (1-6) 0.153 

 Change 0 (0-2) 1 (0-5) 0.018 

Vitamin D* levels (ng/mL) 18 (8-41) 15 (8-36) 0.330 

Values are presented as median (min-max).  

FAC: Functional Ambulation Classification 

BRS: Brunnstrom Recovery Stage  

*25(OH)D: 25-hydroxy vitamin D. 

  315 
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Table 3: The Effect of Vitamin D Therapy on Ambulation and Lower Extremity 316 

Motor Function in Patients Undergoing Rehabilitation for the First Time 317 

 Vitamin D   

 Control (n=23) Vitamin D (n=28) p value  

FAC    

 Pre-rehab 2 (0-5) 2 (0-4) 0.842 

 Post-rehab 3 (0-5) 3 (0-5) 0.366 

 Change 0 (0-3) 1 (0-4) 0.035 

BRS    

 Pre-rehab 3 (1-6) 4 (1-6) 0.855 

 Post-rehab 4 (1-6) 5 (1-6) 0.213 

 Change 0 (0-2) 1 (0-5) 0.024 

Vitamin D* levels (ng/mL) 18 (8-41) 15 (8-36) 0.543 

Values are presented as median (min-max).  

FAC: Functional Ambulation Classification 

BRS: Brunnstrom Recovery Stage  

*25(OH)D: 25-hydroxy vitamin D. 

  318 
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Table 4: The Effect of Vitamin D Treatment on Ambulation and Lower Extremity 319 

Motor Function in Patients who had Received Previous Rehabilitation Treatment 320 

 Vitamin D   

 Control (n=14) Vitamin D (n=11) p value  

FAC    

 Pre-rehab 3 (0-4) 3 (0-4) 0.602 

 Post-rehab 3 (2-4) 4 (2-5) 0.114 

 Change 0 (0-1) 1 (0-3) 0.176 

BRS    

 Pre-rehab 3 (2-6) 3 (2-5) 0.841 

 Post-rehab 3 (2-6) 3 (2-6) 0.799 

 Change 0 (0-2) 0 (0-1) 0.507 

Vitamin D* levels (ng/mL) 21 (11-36) 19 (8-36) 0.564 

Values are presented as median (min-max).  

FAC: Functional Ambulation Classification 

BRS: Brunnstrom Recovery Stage  

*25(OH)D: 25-hydroxy vitamin D. 

  321 



 21 

Table 5: The Effect of Vitamin D Treatment on Ambulation and Lower Extremity 322 

Motor Function in Patients with Stroke in the First 3 Months After Stroke 323 

 324 

 Vitamin D   

 Control (n=22) Vitamin D (n=16) p value  

FAC    

 Pre-rehab 1.5 (0-5) 1 (0-4) 0,795 

 Post-rehab 2.5 (0-5) 4 (1-5) 0,251 

 Change 0 (0-3) 2 (0-5) 0,005 

BRS    

 Pre-rehab 3.5 (1-6) 3,5 (1-6) 0,978 

 Post-rehab 4.5 (1-6) 5 (2-6) 0,171 

 Change 0 (0-2) 1 (0-5) 0,047 

Vitamin D* levels (ng/mL) 17.5 (8-26) 13 (8-36) 0,200 

Values are presented as median (min-max).  

FAC: Functional Ambulation Classification 

BRS: Brunnstrom Recovery Stage  

*25(OH)D: 25-hydroxy vitamin D. 

  325 
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Table 6: Effect of Vitamin D Treatment on Ambulation And Lower Extremity Motor 326 

Function in Patients With Stroke Who Were Not Within The First 3 Months Of 327 

Stroke 328 

 Vitamin D   

 Control (n=19) Vitamin D (n=19) p value  

FAC    

 Pre-rehab 3 (0-4) 3 (0-4) 0.692 

 Post-rehab 3 (0-5) 3 (0-5) 0.441 

 Change 0 (0-3) 1 (0-3) 0.311 

BRS    

 Pre-rehab 3 (1-6) 4 (1-6) 0.999 

 Post-rehab 4 (1-6) 5 (1-6) 0.580 

 Change 0 (0-2) 0 (0-3) 0.169 

Vitamin D* levels (ng/mL) 20 (8-41) 19 (8-35) 0.759 

Values are presented as median (min-max).  

FAC: Functional Ambulation Classification 

BRS: Brunnstrom Recovery Stage  

*25(OH)D: 25-hydroxy vitamin D. 

  329 
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 331 

Figure 1. Distribution of patients' vitamin D levels 332 

13%

54%

28%

5%

Vitamin D Status

Severe Deficiency (<10 ng/ml) Deficiency (10-20 ng/ml)
Insufficiency (20-30 ng/ml) Normal (>30 ng/ml)


