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Abstract

Objectives To investigate the effects of cholecalciferol supplementation on the progression of motor disability in a cohort of
amyotrophic lateral sclerosis (ALS) patients with low blood 25-hydroxyvitamin D3 [25(OH)D] levels, on the basis of the
hypothesis of potential neuroprotective effects of vitamin D supplementation.

Methods Forty-cight ALS patients, 34 with deficient (<20 ng/mL) and 14 with insufficient (20-29 ng/mL) serum levels of
25(0OH)D, were randomized and treated by 3 different doses of cholecalciferol [50.000, 75.000 and 100.000 international
units (IU) /month] and evaluated after 6-months. Assessment of motor dysfunction at baseline and after 6 months included
ALS Functional Rating Scale-Revised (ALFRS-R) and upper motor neuron (UMN) scores and blood samples for 25(OH)D
levels.

Results Clinical data of 33 patients were available after 6 months. Analysis of Covariance (ANCOVA), with pre-treatment
measurements included as covariate, did not show statistically significant differences in the ALSFRS-R (p > 0.05) and UMN
(p>0.05) among the patient groups who underwent 3 different doses of cholecalciferol. Conversely, the treatment with
75.000 IU/month or 100.000 IU/month induced a significant increase in serum levels of 25(OH)D in comparison with the
supplementation with 50.000 IU/month; no significant differences were found between 75.000 IU/month and 100.000 IU/
month.

Conclusions Our findings highlighted that 6-month supplementation of vitamin D in ALS patients had no significant effects
on motor dysfunction. However, it is recommended to prevent medical complications of vitamin D deficiency in ALS
patients as well as in other populations of neurodegenerative patients, characterized by low mobility and decreased sun
exposure.

Introduction exert a neuroprotective role in several pathophysiologic

pathways, such as oxidative stress, inflammation, mito-
Increasing evidence suggests that vitamin D3, in its active  chondrial dysregulation, and apoptosis, which have been
form la, 25-dihydroxyvitamin D3 [1,25(OH)2D3], may  demonstrated to play a crucial role in several neurodegen-
erative disorders, including Alzheimer’s disease (AD),
Parkinson’s disease, and amyotrophic lateral sclerosis
(ALS) [1-5]. However, further research is required to elu-
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D3 supplementation improves motor performances in the
affected mice [3, 4]. Moreover, in the same transgenic
mouse model vitamin D3 deficiency has been related to
increased levels of markers of oxidative damage, apoptosis
and inflammation in the cerebrospinal fluid [7] and impaired
performances in functional disease outcomes [8].

From the pathophysiologic point of view, genetic studies
have contributed to identify the proteins that potentially link
vitamin D to ALS pathology, such as major histocompat-
ibility complex (MHC) class II molecules, toll-like recep-
tors, poly(ADP-ribose) polymerase-1, heme oxygenase-1,
and calcium-binding proteins, as well as the reduced form
of nicotinamide adenine dinucleotide phosphate [9].
Moreover, vitamin D may exert its effect on ALS mod-
ulating several pathophysiologic mechanisms, such as: (i)
glutamate-induced excitotoxic neuronal injury; [10] (ii)
increased levels of reactive oxygen species and apoptosis;
[11] (iii) and regulation of intracellular signaling pathways,
implicated in determining the balance between neuronal
survival and death [12].

On the basis of this pre-clinical background, in the last
decades, several observational studies have been drawn to
verify the potential effects of vitamin D status on the disease
course. In this regard, the abnormalities of the calcium-
parathyroid hormone (PTH)-vitamin D axis and the
decrease of the serum concentration of 25-hydroxyvitamin
D3 [25(OH)D] have been reported in a number of cohorts of
ALS patients [13—16]. Moreover, significant correlations
have been shown between low serum 25(OH)D levels and
impairment of gross motor function [14], assessed by the
ALS Functional Rating Scale-Revised (ALSFRS-R) [17],
and these results were interpreted as a consequence of poor
mobility, of the less sun exposure, and of malnutrition
frequently observed in ALS patients [14, 16].

From the prognostic point of view, diverging results
were reported about potential correlations between serum
25(OH)D levels and disease progression or survival in a
number of cohorts of ALS patients [14, 16, 18]. In parti-
cular, a retrospective study by Camu et al. [16]. revealed
that low plasma 25(OH)D levels were associated with
higher rate of decline and shorter survival of ALS patients.
Conversely, a recent study by Blasco et al. [18] demon-
strated that high levels of serum 25(OH)D were related to a
worse prognosis in a cohort of ALS patients. Finally,
baseline levels of 25(OH)D were not predictive of disease
progression over the next 12 months in another population
of ALS patients [14].

With regard to the effects on disease progression of
vitamin D supplementation in ALS, Karam et al. [15]
revealed that the daily administration of 2000 international
units (IU) of vitamin D significantly reduced the decline in
the ALSFRS-R score after 9 months in the treated patients
versus non-supplemented patients. However, Libonati et al.
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[19] did not replicate this result, reporting that supple-
mentation with high doses of cholecalciferol (i.e.,
100.000 IU/week for a month and, then, 25.000 IU/15 days)
did not modify the clinical progression of ALS after
6 months in treated patients compared to the untreated ones.
Notably, in both studies high-dose vitamin D supple-
mentation did not cause any side effect, considering that
another debated point is related to the uncertainty about the
appropriate use of low-dose (e.g., 800IU/daily) versus
high-dose vitamin D supplementation (e.g., >2000 IU/daily)
in clinical practice [20]. However, according to the United
Kingdom National Osteoporosis Society guidelines [21],
neuromuscular diseases have been recognized as clinical
features suggestive of osteomalacia, thereby to be tested for
25(0OH)D and, consequently, supplemented, although the
recommended doses to use in these conditions have not
clearly established.

Taking these findings all together, in this pilot study, we
aimed at evaluating the potential effects of vitamin D sup-
plementation in a population of ALS patients with low
levels of serum 25(OH)D: the enrolled patients were ran-
domized in 3 groups for receiving 3 different doses of
cholecalciferol (i.e., 50.000, 75.000, and 100.000IU/
month), as yet performed in clinical practice [15, 19, 20],
and underwent the clinical examination after 6 months of
vitamin D supplementation. We expected to clarify the
effects of this treatment on motor dysfunction and clinical
progression in the studied cohort of ALS patients.

Materials and methods
Case selection

This study was prospective in design and included patients
diagnosed with either definite or clinically or laboratory-
supported probable ALS according to the El Escorial
revised criteria [22], consecutively hospitalized in our
referral ALS center, from January to December 2016. The
patients with nephropathy (serum creatinine level >1.5 mg/
dl), use of tube feeding, gastrostomy, and receiving drugs
that are known to affect calcium and bone metabolisms
(e.g., bisphosphonate, estrogen, calcium, vitamin D, ana-
bolic steroids, or other hormones) were not included in
the study.

Initially, 48 patients with sporadic ALS were enrolled;
after 3 months 15 patients dropped out because of dis-
continuity in vitamin D supplementation (i.e., 4 patients
were hospitalized for tracheostomy, 6 patients died, and 5
patients were not compliant to the supplementation
according to our protocol) (flow chart in Fig. 1). The
baseline characteristics of the excluded patients did not
differ from the remaining sample (for details see
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Fig. 1 Flow chart displays the
enrolled population
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Supplementary Table 1). Overall, 33 ALS patients were
included in the final data analysis, of whom 22 with defi-
cient (<20 ng/mL) and 11 with insufficient (20-29 ng/mL)
serum levels of 25(OH)D. To avoid seasonal effects, 25
(OH)D levels measured at the baseline and month 6 visit
were seasonally synchronous.

The enrolled patients were randomized and treated by 3
different doses of cholecalciferol (i.e., group A: 50.000 IU/
month; group B: 75.000 IU/month; group C: 100.000 IU/
month), also used in clinical practice [20], and clinically
evaluated at baseline and after 6-months (5.97
1.13 months).

Demographic (sex, age) and clinical data were collected
for all the patients, such as age at onset; disease duration
(defined as the time, in months, between ALS onset and
clinical observation); total scores and subscores of
ALSFRS-R [17], which evaluates 4 domains (i.e., bulbar,
fine motor, gross motor and respiratory) by 12 items,
attributing a maximum score of 4 to each item (maximum
total ALSFRS-R score: 48; maximum subscore for each
domain: 12); upper motor neuron (UMN) score, index of
pyramidal dysfunction through the evaluation of the number
of pathologic reflexes elicited from 15 body sites (score
range: 0-16) [23]; body mass index (BMI); and serum 25
(OH)D concentration, measured as a part of the routine
biochemical workup of patients at our center, using che-
miluminescent immunoassay on an ARCHITECT i1000SR
analyzer (Abbott, Abbott Park, Illinois, US). Among the
bone turnover parameters, at baseline we assessed the serum
levels of intact-parathyroid hormone (33.41 pg/mL + 8.22)
and total (9.71 mg/dL+0.76) and ionized calcium

(1.21 mmol/L + 0.24) to exclude abnormalities of the bone
metabolism. However, their monitoring was not included in
the study design. We also investigated the occurrence of
side effects related to hypercalcemia (calcium serum levels
>10.5 mg/dL) every three months. All patients were treated
with riluzole (100 mg/daily) from the date of diagnosis.

Genetic analysis was performed in all patients, exploring
CYorf72 repeat expansion and mutations of SODI,
TARDBP, and FUS/TLS. No mutations of the explored
genes were reported.

The study was conducted according to the principles
expressed in the Declaration of Helsinki. Ethics approval
was obtained from the Ethics Committee of our Institution.
Patient or family written consent was obtained from each
participant.

Statistical analysis

Differences in demographic and clinical characteristics
among the ALS patient groups who underwent different
vitamin D supplementation doses were assessed using
Pearson chi-square test (x°) and one-way analysis of var-
iance (ANOVA), when appropriate.

To test the post-treatment effects of different vitamin D
supplementation doses on functional measures (i.e.,
ALSFRS-R and UMN score) and blood levels of 25(OH)D,
we employed an analysis of covariance (ANCOV A) model,
with pre-treatment measurements included as covariate [24].

All analyses were performed using IBM Statistical
Package for Social Science (SPSS) version 20, with p-value
< .05 considered statistically significant.
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Results

Pre-treatment demographic and clinical characteristics did
not differ among the three treatment groups (Table 1).

ANCOVA did not show statistically significant differ-
ences among the treatment groups in the ALSFRS-R total
and domain scores (Fig. 2a—e) and UMN scores (Fig. 2f).
Conversely, we found statistically significant differences in
post-treatment measures of serum 25(OH)D levels (Fig. 3).
In detail, Bonferroni post-hoc analyses showed that treat-
ment with 75.000 IU/month or 100.000 IU/month induced a
significant increase of serum 25(OH)D levels after 6 months
in comparison to the effects of supplementation with
50.000 IU/month. Moreover, no significant differences were
found between the treatment groups underwent 75.000 IU/
month and 100.000 IU/month (Table 2).

Discussion

This pilot study revealed, for the first time, that the sup-
plementation of vitamin D at different doses had no effect
on modification of functional outcome measures in a cohort
of ALS patients after a 6 months follow-up period. More-
over, treatment with 75.000 IU/month or 100.000 IU/month
induced a similar increase of serum 25(OH)D levels in
comparison to the supplementation with 50.000 I[U/month.

Our findings are in line with previous results by Karam
et al. [15], who monitored the disability status in a cohort of
ALS patients, revealing that the decline in the ALSFRS-R
score was not significantly different between patients receiving
and those not receiving vitamin D after a 6-month follow-up
period. However, only after a nine-month follow-up period, a
significantly smaller decrease of the ALSFRS-R score in the
supplemented group was observed. Of note, our results were
original with regard to the different effects of the supple-
mentation with 3 different doses of cholecalciferol on increase
of 25(OH)D serum levels, suggesting a similar effect of the
treatment with 75.000 IU/month and 100.000 IU/month after
6 months. However, although previously performed in other
studies on patients with ALS [14, 15, 19] or other neurode-
generative diseases [25, 26], the assessment and monitoring of
the serum 25(OH)D levels across time may not be able to
completely address the role of oral supplementation of vitamin
D, in that the serum 25(OH)D levels also derive from vitamin
D synthesized in the skin from UV exposure, thereby needing
the use of season-averaged 25(OH)D levels [14, 27].

On the basis of our findings, similarly to previous results
by Paganoni et al. [14], the oral supplementation of vitamin
D revealed no effects on slowing ALS disease progression.
In particular, Paganoni et al. [14] found that participants
taking supplementary vitamin D experienced a faster rate of
decline, although serum 25(OH)D levels were not pre-
dictive of decline. Moreover, lower (season-averaged) 25

Table 1 Pre-treatment

characteristics of the .. .
clinical variables

Demographic and Vitamin D supplementation groups ANOVA/y? p Adj-p

amyotrophic lateral sclerosis
(ALS) patients, randomized and

50.000 IU/month  75.000 IU/month ~ 100.000 IU/

treated by 3 different doses of (n=10) (n=12) month (n=11)

cholecalciferol
Age (years) 57.6 (11.69) 62.17 (10.05) 54 (14) 1.3 02 1
Sex (male) 2 (20%) 7 (58%) 9 (81%) 8.1 0.01 0.2
Age at onset (years) 56.5 (11.75) 61.17 (10.49) 53.27 (14.1) 1.2 03 1
Disease duration 11.8 (6.14) 10.08 (7.05) 11 (6.22) 0.1 0.8 1
(months)
ALSFRS-R total 37.6 (6.32) 35.67 (7.83) 38.45 (6.86) 0.4 06 1
score (/48)
ALSFRS-R domains
Bulbar (/12) 10.78 (1.64) 9.92 (2.46) 10.7 (1.56) 0.6 0.5 1
Fine motor (/12) 7.56 (3.64) 8.08 (3.34) 8.6 (2.45) 0.2 0.7 1
Gross motor (/12) 7.44 (2.45) 7.25 (3.49) 8.2 (3.49) 0.2 0.7 1
Respiratory (/12) 11.33 (1.41) 10.42 (2.19) 10.7 (1.76) 0.6 05 1
UMN score (/16) 9.6 (3.53) 8.42 (4.9) 9.18 (4.14) 0.2 08 1
Serum 25(OH)D 16.68 (6.91) 14.27 (6.53) 14.92 (7.61) 0.3 0.7 1
(ng/mL)
BMI (Kg/m?) 25.35 (2.63) 26.48 (3.29) 23.73 (2.92) 2.3 0.1 1

ALSFRS-R Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised, BMI body mass index, UMN
upper motor neuron, Adj-p represents p value corrected for Bonferroni procedure; descriptive statistics are
reported as mean (standard deviation) or count (percentage) and significant differences are shown in bold.
Serum 25(OH)D levels were assessed at baseline
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(OH)D levels were associated with lower motor scores at
baseline, but did not predict the occurrence of altered motor
or total function. These results, together with our findings,
support the evidence that, although lower 25(OH)D levels
may reflect the motor disability status in ALS, the disease

progression is not influenced by the biological activity of
the supplementary vitamin D.

With regard to the neuroprotective effect of vitamin D
supplementation in other neurodegenerative diseases than
ALS, conflicting results were also revealed by prospective
randomized controlled trials that investigated if vitamin D
treatment improved cognitive scores in patients with mild-
moderate dementia [26, 28]. Stein et al. [26] administered to
mild-moderate AD patients low doses of vitamin D2
(1000 IU/day) for a period of 8 weeks, then randomly
allocated to high dose (6000 [U/day) vitamin D2 or placebo
for a subsequent 8§ weeks. No significant differences were
observed in the mini-mental state examination scores
between the treatment groups, suggesting that supplemen-
tary high dose of vitamin D has no protective benefit
compared to low dose on disease progression in AD.
Conversely, another randomized controlled trial by Gang-
war et al. [28] revealed that, after 6 months of supple-
mentation with vitamin D3 (4000 IU/day) in a population of
elderly patients with mild-moderate dementia, cognitive
performances were significantly improved in the treatment
group compared to controls, supporting that vitamin D3

SPRINGER NATURE
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0.5

0.6

30.58 (9.07) 33.91 (8.91)

24.2 (5.32)

ALSFRS-R total score (/48)

ALSFRS-R domains:
Bulbar (/12)

0.9

07

0.
0.7

10 (1.76)
7.30 (3.49)

9.08 (2.42)
6.25 (3.54)

9.89 (2.57)
6.44 (3.2)

0.4

Fine motor (/12)

0.9
0.1

0.1

6.9 (3.07)
9.1 (2.92)
9.18 (4.57)
40.7 (9.42)

6 (3.49)

9.25 (2.37)
8.83 (4.87)
39.76 (5.67)

6.44 (1.42)

Gross motor (/12)

1.7

11 (1.41)
9.7 (4.87)
26.94 (8.67)

Respiratory (/12)

0.9

0.9

UMN score (/16)

10* 0.7

0.007  0.003

0.001

9.8

Serum 25(OH)D (ng/mL)

ALSFRS-R Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised, UMN upper motor neuron, Adj-p represents p value corrected for Bonferroni procedure; descriptive statistics are

reported as mean (standard deviation), and significant differences are shown in bold

may have a beneficial effect on cognitive functions in an
elderly population. To note, most pre-clinical [29, 30] and
observational data [31, 32] in support of neuroprotective/
therapeutic benefits from vitamin D have been reported in
multiple sclerosis (MS), revealing evidence on the immu-
nomodulatory effects of the high-dose vitamin D supple-
mentation on MS patients [5, 33]. However, these positive
results have not been confirmed by findings from most
prospective clinical trials [6]. In particular, in several
populations of patients affected by highly inflammatory
conditions, also including MS, inflammation has been
shown to lower serum 25(OH)D levels via oxidative stress,
while increasing vitamin D status has been hypothesized to
reduce inflammation [34]. In this regard, in highly inflam-
matory diseases, baseline 25(OH)D concentration must be
low [mean baseline 25(OH)D concentration <45 nmol/L] to
see an anti-inflammatory effect linked to vitamin D sup-
plementation, at least when using physiological doses of
vitamin D. In fact, in these conditions, vitamin D supple-
mentation has been shown to modestly lower markers of
inflammation, when the baseline 25(OH)D levels were low
and when the achieved 25(OH)D levels were higher.
Similarly to what reported in highly inflammatory condi-
tions, Camu et al. [16] revealed that also in ALS the clinical
course of the disease worsened in the patients with severe
vitamin D deficiency at baseline (<25 nmol/L) compared to
the patients with normal 25(OH)D levels (>75 nmol/L).
Moreover, taking these results all together, the impact of
vitamin D deficiency on disease progression in several
inflammatory and neurodegenerative conditions may not be
considered as disease-specific. Notably, Camu et al. [16] did
not provide evidence that vitamin D supplementation would
be beneficial to individuals with ALS, while Karam et al.
[15] suggested that the daily administration of 2000 UI of
cholecalciferol might provide therapeutic benefits in ALS
patients after 9 months. However, Karam et al. [15]
accounted some limitations of their study, especially related
to the small number of patients, the retrospective design of
the study, and the fact that the supplemented group was
younger and had lower vitamin D levels to begin with,
thereby hindering conclusions regarding the role of sup-
plementing ALS patients with vitamin D. Finally, some
negative evidence regarding the potential relationships
between serum 25(OH)D concentrations and survival in
ALS patients was reported in a retrospective analysis by
Yang et al. [35], who revealed that serum 25(OH)D levels
were not correlated to other bone markers and survival time
in a clinic population of ALS patients.

Another controversial point concerns the optimal doses
of vitamin D3 supplementation to reach for clinical and
research purposes, particularly in the light of the proven
beneficial effects of high-dose vitamin D3 supplementation
(i.e., using 10 and 50 times the adequate intake of
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cholecalciferol) carried out in G93A mouse model of ALS
[3, 4], that may resemble recent evidence of the beneficial
effects of high-dose vitamin D3 treatment (i.e., 35.000 IU/
day) in autoimmune disorders of the skin [36]. Although
universal supplementation guidelines do not exist, the doses
of vitamin D3 supplementation applied in our observational
study met the clinical recommendations proposed in
patients at risk of osteomalacia [21], in whom cholecalci-
ferol supplementation has been recommended at a daily
dose of at least 1000-2000 IU given intermittently [20, 37].
We did not design to use higher doses of vitamin D3 (i.e.,
>2000 Ul/day), although revealed to be safe [38], taking
into consideration previous evidence showing that short-
term high-dose and more regular low dose supplementation
of vitamin D3 seem to offer similar efficacy [39]. Future
clinical studies exploring the safety and the therapeutic
efficacy of administration of very high doses of vitamin D3
might be designed also in neurological disorders, especially
in those with autoimmune or neuroinflammatory patho-
genesis, including MS and ALS, in line with the promising
results revealed in autoimmune disorders of the skin [36].

Although further research is required to better understand
the potential neuroprotective role of vitamin D on disease
progression in neurodegenerative disorders through the
“non-calcemic” effects of vitamin D metabolites (i.e.,
genomic and non-genomic actions) [5], a consistent evi-
dence in several populations of neurodegenerative patients,
including those investigated in this study, is the detection of
low serum 25(OH)D levels [14, 40, 41], frequently below
the recommended level of 30 ng/ml. A potential explanation
for these observations is that serum 25(OH)D levels in
neurodegenerative diseases may reflect less mobility and
sun exposure of these patients, as also reported in the
elderly, characterized by decline of physical performances
[42]. This evidence supports the recommendation to screen
individuals with ALS or other neurodegenerative diseases
for vitamin D deficiency and, when this deficit is found, to
supplement vitamin D to prevent the medical complications
of this deficiency, such as bone loss and, possibly, sec-
ondary musculoskeletal pain and bone fractures.

Although evidence from the pre-clinical research sup-
ported the neuroprotective effect of vitamin D in either
delaying onset or reducing symptoms in neurodegenerative
diseases, our findings of lacking association between vita-
min D supplementation and progression of motor disability
in a small cohort of ALS patients argues against the role for
vitamin D as a modifier of ALS outcome. However, major
limitations of our pilot study are related to the small sample
size studied and to the short follow-up period. Moreover,
1,25-dihydroxyvitamin D levels were not assessed and
monitored and this may represent a weak point of the study
design, considering that 1,25-dihydroxyvitamin D have
been demonstrated to play a crucial neuroprotective role in

animal models of several neurodegenerative disorders [1—
4]. However, the concentration of total 1,25-dihydrox-
yvitamin D is not routinely used as a clinical marker of
vitamin D status because of its short half-life and the low
serum concentrations of the final metabolite [43], thereby
causing that previous population-based and cohort studies
mainly explored the correlations between serum 25(OH)D
concentrations and clinical features in several neurological
disorders [14, 15, 19, 35, 44]. Another criticism is related to
the fact that serum 25(OH)D concentration is the total cir-
culating form, but much of both 25(OH)D and 1,25-dihy-
droxyvitamin D is bound to the vitamin D-binding protein
(DBP) and albumin and, therefore, the percentage of free
vitamin D, which is bioavailable, should be more indicative
of the actual vitamin D status [45]. Further studies,
including the assessment of bioavailable 25(OH)D, DBP,
and vitamin D receptor polymorphism, will be needed to
elucidate the potential benefits of supplementary vitamin D
intake on both motor and extra-motor symptoms reported in
ALS, such as cognitive and behavioral dysfunctions, as also
previously evaluated in AD patients. However, the inves-
tigation of vitamin D status and its supplementation, when
needed, are recommended in ALS, as well as in other
neurodegenerative diseases, to prevent the medical com-
plications of vitamin D deficiency.
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