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ABSTRACT
Vitamin D is a pleiotropic steroid hormone that modulates the autonomic balance. Its deficiency has been described as an environmental 
risk factor for multiple sclerosis (MS). The aim of this study was to investigate the serum levels of vitamin D, vitamin D binding protein (VDBP) 
and vitamin D receptors (VDR) and to evaluate cardiac dysautonomia in MS patients due to bidirectional interaction between vitamin D and 
the autonomic nervous system. Methods: The current cross-sectional study was conducted on 26 patients with relapsing-remitting MS and 
on 24 healthy controls. Twenty-four-hour ambulatory blood pressure variability (BPV) was calculated and the participants were evaluated 
for orthostatic hypotension and supine hypertension. Serum levels of vitamin D, VDBP and VDR were measured. Results: The mean serum 
vitamin D level was significantly lower in MS patients than in controls (p = 0.044); however there was no significant difference in terms of 
VDR and VDBP levels between the groups. Supine hypertension and orthostatic hypotension were significant and the 24-hour systolic BPV 
was significantly decreased in patients with MS (p < 0.05) compared to controls. No correlation was found between vitamin D, VDBP and 
VDR with supine hypertension, orthostatic hypotension and systolic BPV values (p > 0.05). Also, there was a negative correlation between 
VDBP and the EDSS (p = 0.039, r = -0.406). Conclusion: There was no correlation between orthostatic hypotension, supine hypertension and 
systolic BPV values and serum vitamin D, VDBP and VDR in MS patients. Future prospective studies with large number of patients may help 
us to better understand the relationship between vitamin D and the autonomic nervous system.
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RESUMO
A vitamina D é um hormônio esteroide pleiotrópico que modula o equilíbrio autonômico. Sua deficiência tem sido descrita como fator de risco 
ambiental para esclerose múltipla (EM). O objetivo deste estudo foi investigar os níveis séricos de vitamina D, proteína de ligação à vitamina D 
(VDBP) e receptor de vitamina D (VDR) e avaliar a disautonomia cardíaca em pacientes com EM devida à interação bidirecional entre vitamina 
D e sistema nervoso autônomo. Métodos: O presente estudo transversal foi realizado em 26 pacientes com EM remitente-recorrente e em 
24 controles saudáveis. A variabilidade da pressão arterial ambulatorial (BPV) por 24 horas foi calculada e os participantes foram avaliados 
quanto à hipotensão ortostática e hipertensão supina. Os níveis séricos de vitamina D, VDBP e VDR foram medidos. Resultados: O nível sérico 
médio de vitamina D foi significativamente menor nos pacientes com EM do que nos controles (p = 0,044); no entanto, não houve diferença 
significativa em termos de níveis de VDR e VDBP entre os grupos. Hipertensão supina e hipotensão ortostática foram significativas e a BPV 
sistólica de 24 horas diminuiu significativamente em pacientes com EM (p < 0,05) em comparação aos controles. Não foi encontrada correlação 
entre vitamina D, VDBP e VDR com hipertensão supina, hipotensão ortostática e BPV sistólica (p > 0,05). Também houve correlação negativa 
entre VDBP e EDSS (p = 0,039, r = -0,406). Conclusão: Não houve correlação entre hipotensão ortostática, hipertensão supina e valores de BPV 
sistólica e vitamina D sérica, VDBP e VDR em pacientes com EM. Futuros estudos prospectivos com grande número de pacientes podem nos 
ajudar a entender melhor a relação entre vitamina D e sistema nervoso autônomo.
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Multiple sclerosis (MS) is the most common immune-
mediated inflammatory, demyelinating disease of the central 
nervous system, which primarily affects young adults. The 
exact cause of MS is unknown. The prevalence of vitamin D 
deficiency is high in patients with MS1. Circulating metabo-
lites of vitamin D are transported by vitamin D binding pro-
tein (VDBP), and vitamin D shows its effects on the organism 
by binding to the intracellular vitamin D receptors (VDR). In 
addition to known effects of vitamin D on the skeletal system 
and calcium-phosphate homeostasis, discovery of the vita-
min D receptor in the cells of the immune system, and that 
the dendritic cells produce the active form of vitamin D hor-
mone, has suggested that vitamin D could have an immuno-
modulatory role2,3. Vitamin D is a lipid soluble hormone that 
modulates the autonomic balance and regulates the sym-
pathetic and parasympathetic system4. It has been asserted 
that vitamin D deficiency has contributed to autonomic ner-
vous system dysfunction5. We aimed to compare the serum 
levels of vitamin D, VDBP and VDR between MS patients and 
control groups and to evaluate cardiac autonomic dysfunc-
tion due to the interaction between vitamin D and the auto-
nomic nervous system.

METHODS

Study population
Twenty-six patients with MS (in the remission phase), 

aged between 18 and 45, diagnosed according to the 2010 
McDonald criteria6, who attended the Neurology outpatient 
clinic between December 2017 and February 2018, only in 
winter, between 36° and 42° of latitude, and 24 healthy con-
trols were enrolled in this cross-sectional study. Inclusion 
criteria were as follows; a relapsing-remitting multiple scle-
rosis (RRMS) disease course, no relapse of MS within six 
weeks before blood sampling, using immunomodulatory 
drugs (interferon beta-1a, -1b and glatiramer acetate) or no 
treatment. Clinical and demographic characteristics of the 
patients were recorded. Body mass index was calculated 
(kg/m2). The severity of the disease was assessed using the 
Expanded Disability Status Scale (EDSS) score. Blood sam-
ples were collected from MS patients and from control partic-
ipants in the same months. None of the patients had received 
vitamin D replacement in the previous three months.

The exclusion criteria were: diagnosis of any cardiac, 
thyroid or lung disease, alcohol dependence, connective tis-
sue disease, hypertension, diabetes, renal failure, liver fail-
ure, acute or chronic infection, anemia, clinical sign of poly-
neuropathy, smoking, pregnancy and medications other 
than MS drugs.

This study was approved by the ethics committee (pro-
tocol number: 2017-KAEK-189_2017.10.03_12) and sup-
ported by the project coordination unit (6602a-TF/18-146) 

in our university. All the participants provided written 
informed consent.

Cardiac data collection 
The examination room was maintained at a comfort-

able temperature of 23-26 degrees Celsius. An electrocar-
diogram was recorded for each participant. Blood pressure 
was measured using a calibrated sphygmomanometer with 
the patient in the sitting position for at least five minutes. 
In order to evaluate orthostatic hypotension, blood pres-
sure was measured using a cuffed sphygmomanometer in 
the supine position and three minutes after standing up. 
Orthostatic  hypotension was defined as a drop in systolic 
blood pressure of at least 20 mmHg and/or diastolic blood 
pressure of at least 10 mmHg within three minutes of stand-
ing up7. The blood pressure of all participants was measured 
in the standing position and after five minutes in a supine 
position. Supine hypertension was defined as systolic blood 
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg 
after five minutes of rest in a supine position8. 

Ambulatory blood pressure monitoring
Twenty-four-hour ambulatory blood pressure monitoring 

was performed by a noninvasive automated system using the 
oscillometric method (Mobil-o-Graph, IEM GmbH, Stolberg, 
Germany). On the day of assessment the participants were 
asked to conduct their usual activities as much as possible, 
but to refrain from physical exercise and avoid excessive 
movement of their nondominant arm during measurements. 
Blood pressure and heart rate were measured every 20 min-
utes during the daytime (between 08.00 a.m. and 24.00 p.m.) 
and every 30 minutes during nighttime (between 24.00 p.m. 
and 08.00 a.m.) More than 80% successful readings were 
needed to consider a test adequate for subsequent analysis. 
The ambulatory blood pressure monitoring was undertaken 
calculating the standard deviation (SD) of systolic blood 
pressure for 24 hours. The SD for 24-hour systolic blood pres-
sure was defined as blood pressure variability9. Blood pres-
sure was measured in units of mmHg (1 mmHg = 0.133 kPa).

Biochemical analysis 
Blood samples of the MS patients and control group were 

collected in vacuum tubes. All venous blood samples were 
centrifuged at 3000 rpm for 10 minutes, frozen at −80°C. 
Serum 25(OH)vitamin D, VDR and VDBP concentrations 
were measured using commercial ELISA kits (Elabscience 
Bioengineering Co., Ltd., Wuhan, China). Serum vitamin D 
and VDBP concentrations were expressed as ng/ml while 
VDR concentrations were expressed as pg/ml. 

Statistical analysis
The findings of this study were analyzed using the 

Statistical Package for Social Sciences for Windows (SPSS 
v18) software. The conformity of continuous variables to 
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normal distribution was tested with the Shapiro-Wilk test. 
The descriptive statistics of continuous variables were 
expressed as mean ± SD or median (min-max) and nominal 
variables were expressed as number of cases and percentage 
(%). The significance of the difference between the groups 
was evaluated by the Student’s t-test and Mann-Whitney U 
when the number of independent groups was two. Nominal 
variables were evaluated by Pearson’s Chi-Square or Fisher’s 
Chi-Square test. The correlation of variables was analyzed 
by Spearman’s test. A value p < 0.05 was considered as the 
threshold of statistical significance for all tests. 

RESULTS

The demographic characteristics of MS patients and the 
control group are summarized in Table 1. No statistically sig-
nificant difference was found between the groups in terms of 
age, sex and body mass index.

Vitamin D, VDBP, VDR levels and cardiac data of the MS 
patient group and the control group are shown in Table 2. 
Serum vitamin D levels were found to be significantly lower 
in patients with MS than in controls (p = 0.044); however 
VDR and VDBP levels did not differ significantly between 
groups. Heart rates, systolic and diastolic blood pressures 
were similar in both groups and showed no statistically sig-
nificant differences. 

Supine hypertension and orthostatic hypotension were  
found in patients with MS (p = 0.023 and p = 0.023, respec-
tively). Six of the 26 patients with MS had orthostatic 
hypotension and six patients had supine hypertension, 
two patients had both supine hypertension and ortho-
static hypotension. Compared with the controls, the sys-
tolic blood pressure variability decreased significantly in 
patients with MS (p = 0.005 and p = 0.015) (Figure). When 
the relationships between serum vitamin D, VDR, and 
VDBP levels and the severity of disease were analyzed, 
only a negative correlation was found between the VDBP 

Table 1. The demographic features of the control and multiple sclerosis patient groups.

Variable Controls (n = 24) Patients (n = 26) p-value

Age [mean ± SD] 32.20 ± 4.91 35.57 ± 6.12 0.140

Sex [n (%)] 0.963

Male 10 (41.7) 11 (42.3)  

Female 14 (58.3) 15 (57.7)  

BMI (kg/m2) [mean ± SD] 24.79 ± 3.37 25.74 ± 4.21 0.386

Disease duration [years ± SD] - 8.19 ± 5.51  

EDSS score - 2.26 ± 1.079  

Total number of attacks - 6.62 ± 7.26  

Treatment  

IMT   19/26  

No treatment   7/26  
BMI: body mass index; EDSS: Expanded Disability Status Scale; IMT: immunomodulatory therapy (interferon beta-1a, interferon beta-1b or glatiramer acetate); 
SD: standard deviation.

Table 2. The level of vitamin D, vitamin D binding protein, vitamin D receptor and cardiac data in multiple sclerosis patients and 
the control group.

Variable Control (n = 24) MS (n = 26) p-value

Vitamin D (ng/ml) 35.25 (10-45.28) 24.98 (9.74-47.94) 0.044*

VDBP (ng/ml) 41.71 ± 5.55 43.06 ± 4 0.326

VDR (pg/ml) 71.66 (47.19-146.88) 78.35 (48.35-116.62) 0.431

Heart rate (min) 74.67 ± 8.14 76.38 ± 7.83 0.451

Systolic BP (mm Hg) 112.16 ± 9.08 114.15 ± 8.62 0.431

Diastolic BP (mm Hg) 70.25 ± 7.96 72.76 ± 7.89 0.267

24-hour systolic BPV 12.71 ± 3.57 10.21 ± 2.35 0.005*

Orthostatic hypotension 0/24 6/26 0.023*

Supine hypertension 0/24 6/26 0.023*
VDBP: vitamin D binding protein; VDR: vitamin D receptor; BP: systolic blood pressure; BPV: blood pressure variability. *All comparisons were considered 
statistically significant at p < 0.05.
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and the EDSS (p = 0.039, r = -0.406). Orthostatic hypoten-
sion and vitamin D related parameters, supine hyperten-
sion and vitamin D related parameters, 24 hour systolic 
blood pressure variability and vitamin D parameters were 
all analyzed separately. There were no statistically signifi-
cant correlations (Table 3). 

DISCUSSION

We had several important findings in this study. Firstly, 
mean serum vitamin D levels were found to be significantly 
lower in patients with MS than in controls; however, there 
were no significant differences in VDR and VDBP levels 
between the groups. Secondly, there was a negative correla-
tion between the VDBP and the EDSS in patients with MS. 
Thirdly, patients with MS were found to have supine hyper-
tension and orthostatic hypotension, whereas the controls 
did not. Finally the 24-hour systolic blood pressure variability 

decreased significantly in patients with MS compared with 
the control group.

Vitamin D [25(OH)D] is a steroid hormone with multisys-
tem regulatory effects and binds to the intracellular recep-
tor. It regulates the expression of numerous different genes 
involved in the differentiation, activation, and proliferation 
of many cell types10. The active form of vitamin D can inhibit 
the expression of IL-2 and INF-ɣ, modulate differentiation of 
Th17 cells, and also has a role in the balance of Th17/T regu-
latory cells11,12. In epidemiological studies, its deficiency was 
found to be associated with various diseases such as cancer, 
autoimmune and cardiovascular diseases13,14,15. In one study, 
it was suggested that reduced levels of vitamin D were asso-
ciated with a greater risk of MS, and serum levels of vitamin 
D have been found to be lower in patients with MS than in 
controls16. An inverse relationship has been found between 
exposure to sunlight or serum vitamin D levels and the preva-
lence of MS17. Rhead et al. asserted that a low serum 25(OH)
D concentration was a cause of MS, regardless of other risk 
factors18. We found lower vitamin D levels in patients with 
MS than in healthy controls in accordance with the majority 
of the literature. 

Vitamin D binding protein is a carrier protein of vita-
min D metabolites with roles in the regulation of vitamin D, 
the organism’s actin scavenging and immunomodulation. 
In our study, the serum levels of VDBP showed no signifi-
cant difference between MS patients and the control group. 
A similar pattern of results was presented by Behrens et 
al.19, who reported no significant differences in the levels 
of VDBP between clinically isolated syndrome patients (in 
remission) and their control group. Smolders et al.20 found 
no difference in the level of VDBP in patients with RRMS 
(in relapse and remission phases). Likewise, in a study by 
Niino et al.21, no difference in patients with RRMS (in the 
remission phase) and secondary progressive MS was found. 
On the other hand, the mean VDBP level was found to be 
higher in patients with RRMS (in the remission phase) in 
another study22. 
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Figure. 24-hour systolic blood pressure variability values.

Table 3. The correlations of the level of vitamin D, VDBP and VDR with disease characteristics and cardiac autonomic dysfunction 
findings in patients with multiple sclerosis.

Variable
Vitamin D VDBP VDR

p rho p rho p rho

Total number of attacks 0.833 -0.044 0.903 0.025 0.464 0.150

EDSS score 0.229 -0.244 0.039 -0.406 0.500 0.138

Duration of the disease 0.379 -0.180 0.467 0.149 0.355 0.189

Supine hypertension 0.488 0.100 0.242 0.169 0.213 0.179

Orthostatic hypotension 0.517 0.094 0.617 0.073 0.769 0.043

24-hour systolic BPV 0.110 0.229 0.224 -0.175 0.705 0.055
VDBP: vitamin D binding protein; VDR: vitamin D receptor; BPV: blood pressure variability. *All comparisons were considered statistically significant at p < 0.05. 
All parameters were compared using Spearman’s correlation.

https://www.sciencedirect.com/topics/medicine-and-dentistry/autoimmune-disease
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We found an inverse correlation between the levels of 
VDBP and the EDSS in our study, contrary to a previous 
study in which no association was found between the dis-
ability status of the disease, measured by the EDSS, and 
VDBP21. In the study by Delanghe et al.23, it was asserted 
that the variation in VDBP genotype may affect the MS risk 
independently of vitamin D. When all opinions are consid-
ered, VDBP may have a complex role in the pathogenesis 
of MS. It is known that VDBP is a precursor of the mac-
rophage-activating factor and cofactor for C5a-mediated 
chemotaxis24. In our study, as the severity of the disease 
increased, the level of VDBP decreased. This finding may 
have been a result of intense inflammation or a protective 
and limiting response of the organism against inflamma-
tion. Smolders et al.20 also determined that VDBP was not 
correlated with either vitamin D or with the active form of 
vitamin D [1,25(OH)D] in MS participants.

Vitamin D shows most of its effects on the organism via 
the VDR. The VDR is expressed in neuronal cells, glial cells 
and immune system cells such as monocytes, macrophages, 
activated T and B cells. It regulates the expression of genes 
involved in organ development, cell cycle control, calcium 
and phosphate homeostasis in bone metabolism, and xeno-
biotic detoxification25. The association of VDR polymorphism 
with MS has been investigated in many studies, yielding 
controversial results. A recent review found no association 
between VDR polymorphism and the risk of MS26. Although 
the level of vitamin D was lower in MS patients, no difference 
was found in the serum level of VDR and VDBP of the two 
groups. These findings may show that vitamin D is a param-
eter independent of VDBP and VDR and genetic susceptibil-
ity is important in MS disease. 

Autonomic dysfunction is common in patients with MS 
and affects the quality of life of patients27. Autonomic dys-
function affects the bowel, bladder and sexual functions as 
well as the cardiovascular system. There is evidence that 
the sympathetic and parasympathetic systems are affected 
in patients with MS28. A recent review has indicated that 
the risk of cardiovascular disease increased during the first 
five years after the diagnosis of MS29. While orthostatic 
hypotension is a known finding of autonomic dysfunction 
in patients with MS, to the best our knowledge the supine 
hypertension has not been previously noted. Orthostatic 
hypotension and supine hypertension are findings of car-
diovascular autonomic failure. Supine hypertension may 
present in patients with orthostatic hypotension, possibly 
an outcome of the same underlying pathologic process. 
These patients are devoid of the buffering mechanisms of 
normal blood pressure30. 

Blood pressure variability is defined as the standard 
deviation of blood pressure and may demonstrate blood 
pressure fluctuations over a particular period of time. The 
known underlying mechanisms of blood pressure vari-
ability are limited. Autonomic dysfunction and arterial 

stiffness have been reported to be the two main reasons 
for increased blood pressure variability31,32. We found that 
the 24-hour systolic blood pressure variability decreased 
in patients with MS in our study. One possible explana-
tion for decreased systolic blood pressure variability in 
these patients may have been dysmodulation of the sympa-
thetic and parasympathetic nervous systems, the influence 
of neural control on blood pressure). Another possibility is 
that decreased sympathetic system activation in patients 
with MS may have led to such a result. Shirbani et al.33 stud-
ied systolic blood pressure variability in patients with MS 
and found reduced sympathetic function. In another study, 
it was suggested that increases in short-term blood pres-
sure variability may reflect alterations in regulatory mecha-
nisms such as an enhanced sympathetic drive or impaired 
baroreflex function34. 

It has been suggested that vitamin D deficiency may 
contribute to the dysfunction of autonomic pathways in 
MS35. In a rat study conducted by Atchison et al., it was 
shown that sympathetic activity and β-adrenergic recep-
tor stimulation were increased by 1,25(OH)-vitamin D36. 
An association between low 25(OH)-vitamin D levels and 
depressed baseline cardiac autonomic activity was reported 
in another study37. Oral administration of 1,25(OH)-vitamin 
D to diabetic rats caused an increase in expression and 
binding capacity of cholinergic receptors in the brain-
stem38. Contrary to the evidence that there is an interac-
tion between vitamin D and autonomic nervous system 
dysfunction reported in the literature, we did not find any 
correlation between cardiac dysautonomia and serum vita-
min D, VDBP, or VDR levels in patients with MS. One pos-
sibility for this was that we had conducted the study with 
a relatively small number of participants. Further stud-
ies are required with a larger patient population to estab-
lish interactions between vitamin D and the autonomic  
nervous system.

Our  study  has  several  limitations, primarily due to the 
small sample size. Secondly, some of the patients with MS 
were under the effects of immunomodulatory treatment 
at the time of examination. An investigation of serum vita-
min D, VDBP and VDR levels and autonomic dysfunction in 
untreated patients with MS will pave the way for future stud-
ies. Another limitation was the inclusion of patients only in 
the remission phase. In this context, patients with primary 
or secondary progressive MS and RRMS in the relapse phase 
may yield different results.

In summary, to our knowledge, this is the first report 
to evaluate the interaction between vitamin D and car-
diac dysautonomia in MS patients. There was no relation-
ship between cardiac autonomic dysfunction and vitamin 
D-related parameters (vitamin D, VDBP, VDR). Further work 
is certainly required to clarify the relationship between vita-
min D and the autonomic nervous system. 
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