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Summary

Vitamin D supplementation has been proposed as a po-
tential treatment to delay amyotrophic lateral sclerosis
(ALS) progression. The aims of this study were to com-
pare retrospectively vitamin D blood levels in ALS pa-
tients with those in healthy subjects; to correlate vitamin
D blood levels with clinical functions in patients; and to
evaluate whether administration of vitamin D could mod-
ify the clinical progression of the disease.
Vitamin D blood levels were evaluated in 57 ALS patients
and in 57 healthy subjects. 
In the ALS patients the following clinical variables were
evaluated every 3 months: Medical Research Council
scale (MRC) score; revised ALS functional rating scale
(ALSFRS-R) score; forced vital capacity (FVC). Twenty-
four patients were treated with high doses of cholecal-
ciferol. No significant differences were found between
the vitamin D blood levels in the ALS patients (18.8 ±
12.2) and the healthy subjects (20.7 ± 10.1). The vitamin
D levels in the ALS patientsdid not correlate with record-
ed clinical parameters. No clinical differences in terms of
ALSFRS-R, MRC or FVC were found between the treat-
ed and the untreated patients over time.
In ALS, as in other chronic neurological diseases, levels
of vitamin D in blood appeared reduced, but no differ-
ence was found between the levels in ALS patients and
in healthy subjects. 
Oral vitamin D supplementation in ALS patients was not
associated with better prognosis in comparison with un-
treated ALS patients. Further prospective controlled
studies are needed to clarify the effect of vitamin D on
the progression of ALS disease.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal adult-onset
neurodegenerative disease characterized by progres-
sive degeneration of upper and lower motoneurons re-
sulting in muscle weakness, paralysis and muscle atro-
phy, leading to death within 3-5 years of diagnosis
(Hardiman et al., 2011).
Recent studies have evaluated the neuroprotective role
of vitamin D in many neurodegenerative diseases (Shen
and Ji, 2015a; Shen and Ji, 2015b; Burton and Costel-
lo, 2015; Miller et al., 2015; Balden et al., 2012). ALS pa-
tients show low levels of vitamin D, probably due to dif-
ferent factors: age, the presence of chronic disease,
physical inactivity, reduced sun exposure, and malnutri-
tion (Sato et al., 1997; Holick et al., 1989).
A recent study has proposed vitamin D supplementation
as a potential treatment option to delay ALS progression
(Karam et al., 2013). Different data have been published
on an association between lower vitamin D levels and a
faster rate of decline with shorter survival (Camu et al.,
2014; Blasco et al., 2015). But the literature contains
contradictory results on the association of vitamin D lev-
els with clinical progression of ALS. In some studies, lev-
els of vitamin D are associated with a better prognosis,
in others with a worse prognosis (Karam et al., 2013; Ca-
mu et al., 2014; Blasco et al., 2015). Recent studies hy-
pothesized a negative effect of vitamin D deficit on the
structure and function of the neuromuscular junction,
causing lack of a stress response in muscles (Gifondor-
wa et al., 2016). Moreover, the vitamin D receptor gene
has been indicated as a possible candidate gene in mus-
cle function (Bozsodi et al., 2016; Olsson et al., 2016). 
The aims of this study were: i) to compare vitamin D
blood levels in ALS patients with healthy subjects; ii) to
correlate vitamin D blood levels with clinical and respi-
ratory functions in enrolled patients; iii) to evaluate
whether administration of vitamin D could modify the
clinical progression of the disease.

Materials and methods

Patients

Fifty-seven patients (47 men and 10 women; mean age
63 + 9.9 years, range 41-82 years) with definite or prob-
able ALS and 57 healthy subjects (29 men and 28
women, mean age 62.1 + 11.2) were enrolled. The study
was approved by the medical ethics committee of the
Umberto I Hospital in Rome and was performed in ac-
cordance with the ethical standards laid down in the
Declaration of Helsinki. All patients gave their written in-
formed consent prior to their inclusion in the study. The
inclusion criterion for ALS patients was a diagnosis of
definite or probable ALS according to the revised El Es-
corial criteria (Brooks et al., 2000). 
Demographic and clinical characteristics at baseline are
described in Table I.



Study design

This was a retrospective study. We revised the folders of
ALS patients regularly seen at our center, evaluating the
patients found to have low or normal levels of vitamin D
in their blood. Only ALS patients with low levels of vita-
min D received high doses of cholecalciferol (100,000
I.U.), which is the treatment commonly performed in clin-
ical practice. The demographic and clinical characteris-
tics of these patients were matched with those of a
group of ALS patients with similar characteristics but
with normal levels of vitamin D. Moreover, the levels of
vitamin D in the ALS patients were compared with those
found in healthy subjects.

Comparison of vitamin D blood levels in ALS pa-
tients and healthy subjects

We correlated the vitamin D blood levels of the ALS pa-
tient group and the group of healthy subjects using the fol-
lowing clinical variables: ALS Functional Rating Scale-
Revised (ALSFRS-R) score, Medical Research Council
(MRC) scale for testing muscle strength, and forced vital
capacity, expressed as percent predicted (FVC %).
The night prior to the baseline examination, the partici-
pants completed an overnight (12-hour) fast, except for
taking their regularly prescribed medications. Blood sam-
ples were drawn into chilled tubes containing ethylenedi-
aminetetraacetic acid; plasma was aliquoted and stored
at -70°C until the examination. We used a Roche
COBAS E 601 spectrometer (Roche Diagnostics Inter-
national Ltd CH-6343 Rotkreuz Switzerland) to measure
25-hydroxyvitamin D3 and D2 levels. With regard to the
vitamin D readings, levels below 20 ng/dl were consid-
ered insufficient, while values of 20-30 ng/dl indicated a
deficiency, and values higher than 30 ng/dl were taken
as normal levels.
The ALSFRS-R is a validated measure of functional im-
pairment in ALS (Cedarbaum et al., 1999). It is a ques-
tionnaire containing 12 items rated from 0 (complete de-
pendence for that function) to 4 (normal function), divid-
ed into 3 sub-scores (bulbar 12, motor 24, and respira-
tory 12).
Muscle strength of limbs was assessed using the MRC
scale, an ordinal scale ranging from 0 (absence of
movement) to 5 (contraction against full resistance) that
quantifies muscle weakness in isolated muscles or mus-
cle groups (Gregson et al., 2000).
Spirometry was carried out using the Inspire PRO 5.8
spirometer (Mir Medical International Research Srl,
Rome, Italy). FVC (L) and forced expiratory volume in

first second (FEV1) (L/s) were analyzed. The highest val-
ues were used in the analysis.

Comparison of ALS patients treated with vitamin D
and untreated ALS patients

Twenty-four ALS patients (15 men and 9 women) were
treated with high doses of cholecalciferol (100,000 I.U. per
week for four weeks and then 25,000 I.U. every 15 days).
The data collected were compared with those of 24 un-
treated ALS patients (7 women and 17 men). 
All patients were treated with riluzole 100 mg/day, ac-
cording to the current international ALS guideline. Age at
onset was taken as the time at which motor weakness
was first noted by the patient. 
Disease duration was expressed as the time from the
first symptom to the day of the beginning of the therapy.
All the patients were submitted to ALS-FRS-R, MRC,
and FVC evaluation at baseline (B), at 3 months (T1)
and at 6 months (T2) after starting the treatment. During
each visit we investigated the presence of side effects
related to hypercalcemia (calcium serum levels higher
than 10.5 mg/dl), such as hematuria, gastrointestinal
symptoms, lethargy or cardiac palpitations.

Data analysis

We used paired Student’s t-test to evaluate differences
in vitamin D blood levels between the ALS patients and
the healthy subjects. 
Chi-square test was used to compare qualitative values.
Pearson’s score (P) was performed for the correlation
between vitamin D levels and ALS-FRS-R score, MRC
score and FVC. Repeated measures ANOVA was ap-
plied to trace the level of clinical variables over time in
treated and untreated patients. The Bonferroni post hoc
test was applied in the event of significance at ANOVA.
For all tests, values of p<0.05 were considered statisti-
cally significant.

Results

Comparison of vitamin D blood levels in ALS pa-
tients and healthy subjects

Vitamin D levels in patients did not correlate with demo-
graphic features (P=−0.6; p=0.66), ALSFRS-R (P=0.10;
p=0.44), MRC (P=−008; p=0.64), FVC (P=0.07,
p=0.57), and between spinal or bulbar ALS (p=0.90). No
statistical differences were found between the ALS pa-
tients and the healthy subjects in terms of demographic
and baseline clinical characteristics (Tab. I).
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Table I - Main characteristics of ALS patients and healthy subjects. Values are reported as mean (± standard deviation) or percentage.

ALS patients Healthy subjects p-value

Total 57 57
Sex n (%)

Male 47 (82.4%) 29 (50.8%)
Female 10 (17.5%) 28 (49.1%)

Age (years) 63.0 ± 9.9 62.1 ± 11.2 ns
Vitamin D (ng/dl) 18.8 ± 12.1 20.7 ± 10.1 ns
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Thirty-four ALS patients (59.6%) showed vitamin D levels
lower than 20 ng/dl, 18 (31%) had vitamin D levels between
20 and 30 ng/dl, and only 5 patients (8.8%) had normal val-
ues. In the control group, 28 (49%) had insufficient vitamin
D levels, 15 (26.3%) had a deficiency, and 14 (24.6%) had
optimal levels. No significant variation in vitamin D levels
between the two groups was found (p=0.369). 

Comparison of ALS patients treated with vitamin D
and untreated ALS patients

The baseline characteristics of 24 patients treated with
vitamin D were compared with those of 24 untreated pa-
tients. No statistical differences in demographic and clin-

ical features were found between the vitamin D-treated
ALS patients and the untreated ALS patients (Tab. II).
Over time, no differences in ALSFRS-R score, MRC score
or FVC were found between the two groups (Tab. III; Figs.
1-3). Vitamin D levels were statistically different between
the two patient groups (56 ± 10 in the treated group and
21 ± 15 in the untreated group; p=0.01) only at T2.
The patients treated with high-dose cholecalciferol
showed no side effects or adverse events.

Discussion

In this study we evaluated vitamin D blood levels in a
group of ALS patients and in matched healthy subjects,

expecting to find differences. We found
a high incidence of vitamin D deficiency
both in patients with ALS and in control
subjects, without significant differences
between the two groups. The vitamin D
deficiency was found to be objectively
lower than expected. Moreover, no rela-
tionship between low levels of vitamin D
and clinical variables (ALSFRS-R
score, MRC score and FVC) was found,
and high-dose vitamin D treatment did
not result in any clinical improvement
over untreated patients.
In the past decade, interest in the role
of vitamin D deficiency in various dis-
eases of the nervous system has in-
creased (Suzuki et al., 2012; Buell et
al., 2010; Balion et al., 2012; Mowry et
al., 2012). In other neurological dis-
eases, low vitamin D levels have been
found to be associated with greater dis-
ease severity and with a worse progno-
sis (Shen and Ji, 2015a. Shen and Ji,
2015b; Burton and Costello, 2015;
Miller et al., 2015; Balion et al., 2012;
Mowry et al.; 2012). This interest is par-
tially due to convincing data, in vitro or
in animal models, showing a positive
role of vitamin D in the development of
the nervous system, in neuroprotection,
and in the modulation of neuroinflam-
mation (Gianforcaro and Hamadeh
2012; Solomon et al., 2011). Several
studies have analyzed vitamin D status
in neurodegenerative diseases such as
Parkinson’s disease and Alzheimer’s
disease (Buell et al., 2010; Gianforcaro
and Hamadeh, 2012). Recent studies
on the G93A transgenic mouse model
of ALS showed improved functional out-
come compared to control mice after
supplementation of vitamin D (Gianfor-
caro and Hamadeh, 2012, Solomon et
al., 2011; Gianforcaro et al., 2013).
Moreover, vitamin D applied on mo-
toneurons cultured in vitro seems to po-
tentiate the effects of glial- and brain-
derived neurotrophic growth factors,
protecting cells from Fas-induced cell
death (Camu et al., 2014). Although ev-

Figure 2 - FVC value in ALS patients treated with vitamin D and in untreated
ALS patients.

Figure 1 - ALSFRS-R total score in ALS patients treated with vitamin D and in
untreated ALS patients. ALSFRS-R: ALS functional rating scale revised.
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idence from the animal models suggests an effect of
supplemental vitamin D on ALS, these positive results
may not always extend to humans (Minshull et al., 2016;
Blasco et al., 2015; Yang et al., 2016). Similarly to our
results, studies in healthy subjects indicated that vitamin
D intake did not improve muscle tropism and strength
(Agergaard et al., 2015). The ability of the neuromuscu-
lar system to remodel in response to resistance reha-
bilitation training or following injury still remains to be
understood (Minshull et al., 2016). 
Nevertheless, other Authors reported a high incidence of
vitamin D deficiency in patients with ALS, and also
found, at the 9-month follow-up, a slower decline in ALS-
FRS-R scores in 20 patients treated with 2,000 IU of
cholecalciferol per day compared with patients who did
not take the same treatment (Karam et al., 2013). Camu

et al. (2014) found an association between low vitamin D
levels and a shorter survival time in patients with ALS,
even after excluding non-ambulatory patients with vita-
min D deficiency, probably due to severely decreased
physical activity (Camu et al., 2014). Other studies re-
vealed that high vitamin D levels correlate with a worse
prognosis in ALS patients (Blasco et al., 2015). The dis-
crepancy between these data and ours might be be-
cause ALS patients can not perform adequate physical
activity, and despite the vitamin D supplementation, they
do not get those benefits observed in physically active
patients (Al-Eisa et al., 2016; Agergaard et al., 2015).
Recently, Al-Eisa et al. evidenced a correlation between
higher serum vitamin D levels and better physical mus-
cle performance  in physically active healthy older
adults, probably  by regulate on of the biosynthesis of

creatine kinase, lactic acid dehydroge-
nase, troponin I, and hydroxyproline (Al-
Eisa et al., 2016). Moreover, vitamin D re-
ceptor gene expression could have a role
in muscle function, with a possible effect of
this vitamin on proliferation and differentia-
tion of muscle precursors (Bozsodi et al.,
2016, Olsson et al., 2016). Some studies
on the effect of this gene’s variants on
muscle strength are still contradictory, but
individual genetic patterns might explain
the inconsistency of our results on the as-
sociation between vitamin D and muscle
function (Bozsodi et al., 2016). 
Certainly, our study has limitations. Its ret-
rospective nature could have caused a se-
lection bias, and the relatively small sam-
ple size did not allow some statistical
analyses or stratification for certain vari-
ables. Also, even though our results
showed that patients receiving vitamin D
supplementation did not present any clini-
cal improvement, the detection of a vita-
min D deficit in ALS patients should be al-
ways highlighted because it could be as-

Figure 3 - MRC score of upper limbs in ALS patients treated with vitamin D
and in untreated ALS patients. MRC: Medical Research Council.

Table II - Baseline clinical variables of ALS patients treated with vitamin D and untreated ALS patients. Values are reported as mean (±
standard deviation) or percentage. 

Treated patients Untreated patients p-value
Total 24 24
Sex n (%) ns

Male 15 (62.5%) 17 (70.8%)
Female 9 (37.5%) 7 (29.2%)

Phenotype ns
Bulbar 7 (29.1%) 10 (41.6%)

Spinal 17 (70.8%) 14 (58.3%)
Age (years) 63.2 ± 9.9 64.2 ± 11.2 ns
Disease duration 2.4 ± 1.6 2.2 ± 1.7 ns
ALSFRS-R 36.6 ± 7.5 35.4 ± 6.0 ns
FVC% 91 ± 14 70 ± 5 ns
MRC Upper limbs 64.8 ± 14.6 63.8 ± 12.9 ns
MRC Lower limbs 60.4 ± 14.2 55.4 ± 16.1 ns
Vitamin D (ng/dl) 18.8 ± 15.5 20.8 ± 16 ns

Abbreviations: MRC: Medical Research Council scale; ALSFRS-R: ALS functional rating score revised; FVC: forced vital capacity.
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sociated with a delay in disease onset and reduced dis-
ease severity, as demonstrated in previous studies
(Karam et al., 2013, Camu et al., 2014, Solomon et al.,
2011). Further studies are certainly needed to clarify
whether a relationship truly exists between vitamin D
levels and prognosis in ALS. It is still not possible to
draw a definite conclusion regarding the role of vitamin
D supplementation in ALS patients. However, our study
adds information to the literature on the correlation be-
tween ALS and low levels of vitamin D.
In conclusion, in ALS, as in other chronic neurological
diseases, levels of vitamin D in blood appeared reduced
but without significant differences emerging compared
with healthy control subjects. Moreover, no relationship
between ALS disease and low vitamin D levels was con-
firmed in our study. Any benefit of supplementing vitamin
D in ALS patients remains to be well defined, but the
present study did not show any benefit: supplementation
of high-dose oral vitamin D in ALS patients was not as-
sociated with better prognosis in comparison with un-
treated ALS patients. A prospective controlled study,
with a larger sample size and a longer follow-up period,
is needed to evaluate the effect of vitamin D on the pro-
gression of disease and the possible role of its use as a
supplement in ALS patients. 

References

Agergaard J, Trostrup J, Uth J, et al (2015). Does vita-
min-D intake during resistance training improve the
skeletal muscle hypertrophic and strength response
in young and elderly men? - a randomized con-
trolled trial. Nutr Metab (Lond) 12:32. 

Al-Eisa ES, Alghadir AH, SA Gabr (2016). Correlation
between vitamin D levels and muscle fatigue risk
factors based on physical activity in healthy older
adults. Clin Interv Aging 11:513-522.

Balden R, Selvamani A, Sohrabji F (2012). Vitamin D
deficiency exacerbates experimental stroke injury
and dysregulates ischemia-induced inflammation in
adult rats. Endocrinology 153:2420-2435. 

Balion C, Griffith LE, Strifler L, et al (2012). Vitamin D,
cognition, and dementia: a systematic review and
meta-analysis. Neurology 79:1397-1405.

Blasco H, Madji Hounoum B, Dufour-Rainfray D, et al
(2015). Vitamin D is not a protective factor in ALS.
CNS Neurosci Ther 21:651-656.

Bozsodi A, Boja S, Szilagyi A, et al (2016). Muscle
strength is associated with vitamin D receptor gene
variants. J Orthop Res Mar 2.

Brooks BR, Miller RG, Swash M, et al (2000). El Escor-

ial revisited: revised criteria for the diagnosis of
amyotrophic lateral sclerosis. Amyotroph Lateral
Scler Other Motor Neuron Disord 1:293-299.

Buell JS, Dawson-Hughes B, Scott TM, et al (2010). 25-
Hydroxyvitamin D, dementia, and cerebrovascular
pathology in elders receiving home services. Neu-
rology 74:18-26. 

Burton JM, Costello FE (2015). Vitamin D in multiple
sclerosis and central nervous system demyelinating
disease-a review. J Neuroophthalmol 35:194-200. 

Camu W, Tremblier B, Plassot C, et al (2014). Vitamin D
confers protection to motoneurons and is a prog-
nostic factor of amyotrophic lateral sclerosis. Neu-
robiol Aging 35:1198-1205.

Cedarbaum JM, Stambler N, Malta E, et al (1999). The
ALSFRS-R: a revised ALS functional rating scale
that incorporates assessments of respiratory func-
tion. BDNF ALS Study Group (Phase III). J Neurol
Sci 169:13-21.

Gianforcaro A, Hamadeh MJ (2012). Dietary vitamin D3
supplementation at 10x the adequate intake im-
proves functional capacity in the G93A transgenic
mouse model of ALS, a pilot study. CNS Neurosci
Ther 18:547-557.

Gianforcaro A, Solomon JA, Hamadeh MJ (2013). Vita-
min D(3) at 50x AI attenuates the decline in paw
grip endurance, but not disease outcomes, in the
G93A mouse model of ALS, and is toxic in females.
PLoS One 8:e30243.

Gifondorwa DJ, Thompson TD, Wiley J, et al (2016). Vi-
tamin D and/or calcium deficient diets may differen-
tially affect muscle fiber neuromuscular junction in-
nervation. Muscle Nerve Apr 13. 

Gregson JM, Leathley MJ, Moore AP, et al (2000). Reli-
ability of measurements of muscle tone and muscle
power in stroke patients. Age Ageing 29:223-228.

Hardiman O, van den Berg LH, Kiernan MC (2011). Clin-
ical diagnosis and management of amyotrophic lat-
eral sclerosis. Nat Rev Neurol 7:639-649.

Holick MF, Matsuoka LY, Wortsman J (1989). Age, vita-
min D, and solar ultraviolet. Lancet 2:1104-1105.

Karam C, Barrett MJ, Imperato T. et al (2013). Vitamin D
deficiency and its supplementation in patients with
amyotrophic lateral sclerosis. J Clin Neurosci 20:
1550-1553.

Miller JW, Harvey DJ, Beckett LA, et al (2015). Vitamin
D status and rates of cognitive decline in a multi-
ethnic cohort of older adults. JAMA Neurol 72:1295-
1303.

Minshull C, Biant LC, Ralston SH, et al (2016). A sys-
tematic review of the role of vitamin D on neuro-
muscular remodelling following exercise and injury.
Calcif Tissue Int 98:426-437.

Table III - Clinical variables over the time in ALS patients treated with vitamin D and untreated ALS patients. Values are reported as mean
(± standard deviation). 

Treated patients                                                           Untreated patients 
Baseline T1 T2 Baseline T1 T2

ALSFRS-R total 36.6 ± 7.5 35.9 ± 7.9 32.0 ± 8.3 35.4 ± 6.0 33.2 ± 6.8 29.8 ± 6.1
MRC Upper limbs 64.8 ± 14.6 62.7 ± 20.0 57.9 ± 19.8 63.8 ± 12.9 58.8 ± 17.4 54.2 ± 17.3
MRC Lower limbs 61.6 ± 14.3 60.7 ± 14.1 57.2 ± 13.1 55.4 ± 10.3 55.8 ± 11.4 51.8 ± 14.3
FVC% 75.9 ± 22.0 69.2 ± 21.8 68.9 ± 21.0 73.8 ± 18.3 68.3 ± 16.7 63.3 ± 17.3
Abbreviations: MRC: Medical Research Council scale; ALSFRS-R: ALS functional rating score revised; FVC: forced vital capacity.



Mowry EM, Waubant E, McCulloch CE, et al (2012). Vi-
tamin D status predicts new brain magnetic reso-
nance imaging activity in multiple sclerosis. Ann
Neurol 72:234-240.

Olsson K, Saini A, Stromberg A, et al (2016). Evidence
for vitamin D receptor expression and direct effects
of 1alpha,25(OH)2D3 in human skeletal muscle
precursor cells. Endocrinology 157:98-111.

Sato Y, Honda Y, Asoh T, et al (1997). Hypovitaminosis
D and decreased bone mineral density in amy-
otrophic lateral sclerosis. Eur Neurol 37:225-229.

Shen L, Ji HF (2015a). Associations between vitamin D
status, supplementation, outdoor work and risk of
Parkinson’s disease: a meta-analysis assessment.
Nutrients 7:4817-4827.

Shen L, Ji HF (2015b). Vitamin D deficiency is associat-
ed with increased risk of Alzheimer’s disease and de-
mentia: evidence from meta-analysis. Nutr J 14:76.

Solomon JA, Gianforcaro A, Hamadeh MJ (2011). Vita-
min D3 deficiency differentially affects functional
and disease outcomes in the G93A mouse model of
amyotrophic lateral sclerosis. PLoS One 6:e29354.

Suzuki M, Yoshioka M, Hashimoto M, et al (2012). 25-
hydroxyvitamin D, vitamin D receptor gene poly-
morphisms, and severity of Parkinson’s disease.
Mov Disord 27:264-271.

Yang J, Park J, Oh K, et al (2016). Vitamin D levels are
not predictors of survival in a clinic population of pa-
tients with ALS. J Neurol Sci 367:83-88.

L. Libonati et al.

40 Functional Neurology 2017; 32(1):35-40


