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ABSTRACT
Vitamin C is one of the most common supplements taken by people with ALS. As an antioxidant, it has a plausible
mechanism for slowing disease progression and there are some flawed pre-clinical studies and case reports suggesting
benefit. However, a small human trial showed no benefit. Given this negative trial, we do not currently advise vitamin C
as an ALS treatment.
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ALSUntangled reviews alternative and off-label
treatments on behalf of people with ALS (PALS).
Here we review the use of vitamin C (also called
ascorbic acid or ascorbate) for which we have had
396 requests (1).

Overview

Vitamin C is a nutrient that plays essential roles in
our response to infections and oxidative stress, and
in the production of collagen, myelin, carnitines,
neurotransmitters and peptide hormones (2,3).
Humans cannot synthesize vitamin C and there-
fore must obtain it from their diets (2). Vitamin C
deficiency (blood levels <11 umol/L) is surpris-
ingly common (4,5). Severe deficiency of vitamin
C results in scurvy, a rare condition characterized
by collagen weakening, poor wound healing and
susceptibility to infections (2). The consequences
of milder deficiency may include increased suscep-
tibility to infections (2,6), depression and cognitive
impairment (3,7).

Whether vitamin C deficiency might contribute
to the development of ALS remains speculative
and controversial. One cross-sectional study from
China found lower serum vitamin C levels in
PALS compared to healthy controls (8). Another
found higher CSF vitamin C levels compared to
healthy controls (9). Pooled results from five large
cohort studies demonstrated no relationship
between vitamin C intake and the subsequent
development of ALS (10). Nonetheless, perhaps
due to its antioxidant effects and excellent safety
profile, vitamin C is one of the most common sup-
plements taken by people with ALS (11).

Mechanistic plausibility

Oxidative stress is believed to play an important
role in ALS pathophysiology (12). In some (13,14)
but not all (15) human studies, vitamin C treat-
ment reduces serum biomarkers of oxidative stress
including lipid hydroperoxides and isoprostanes
(13,14). Vitamin C can cross the blood brain
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barrier (16), but evidence of its antioxidant effect
in brain or CSF biomarkers consists of a single
study where it was used in combination with other
antioxidants (17). Based on this limited and incon-
sistent human data, we assign a Table of Evidence
(TOE) “Mechanisms” grade of C (Table 1). Full
descriptions of our TOE and what the different
grades mean can be found in reference 18.

Pre-clinical

We found two studies by the same group analyzing
the effect of vitamin C in the G93A mSOD1
mouse model of ALS. In the first, treatment with
a combination of oral vitamin C and trientine (a
copper chelator) starting at day 45 resulted in a
significantly delayed onset of neurological abnor-
malities and a prolonged time to total paralysis of
hindlimbs (19). The second study examined the
effects of these two agents individually, and also
looked at treatment before versus after symptom
onset (20). In this study, oral vitamin C treatment
alone starting at day 50 (before symptoms started)
did not affect the onset of neurological abnormal-
ities or survival, but it did significantly delay time
to total paralysis of hindlimbs (20). Vitamin C
treatment started after symptom onset had no
effect on any outcome measure (20). These studies
are flawed by small sample sizes, lack of random-
ization or blinding, and use of treatments prior to
the onset of symptoms. They have never been
independently replicated. Based on these positive,
flawed studies, we assign a TOE “Pre-Clinical”
grade of C (Table 1).

Cases

In the PatientsLikeMe Community, 175 PALS
reported taking vitamin C and 24 provided

detailed treatment evaluations (21). Two reported
“major” effectiveness, two “moderate”, 1 “slight”,
4 “none” and 15 “can’t tell”. Doses ranged
between 400mg and 100 g daily. No more details
are available on these patients.

Within the cohort of “ALS Reversals” being
studied at Duke University (22,23), two were tak-
ing vitamin C (along with many other treatments)
during their recovery. Based upon these 2 cases
with validated diagnoses and recovery associated
with vitamin C treatment, we assign a TOE
“Cases” grade of B (Table 1). As we have men-
tioned previously, an association between a treat-
ment and an ALS Reversal does not mean one
caused the other; there are many possible explana-
tions for ALS Reversals (23).

Trials

We found only one prospective trial of vitamin C
in ALS (24,25). Ten PALS were randomized to
receive either vitamin C at 2,000mg daily (along
with five other antioxidants) or placebo for six
months. A statistical analysis using analysis of vari-
ance (ANOVA) showed no effect of treatment on
progression of a functional measure (the Appel
Rating Scale, 24,25). Therefore we assign a TOE
“Trials” grade of F (Table 1). This trial was
underpowered to show a small treatment effect.

Dosing, risks and costs

Vitamin C is available in a wide range of doses
and formulations, oral and intravenous. Optimal
vitamin C dosing for PALS has not been estab-
lished. For healthy adults, the National Institute of
Health Office of Dietary Supplements recom-
mends daily oral doses of 90–120mg (26). One
study showed that oral vitamin C at 1,000mg daily
was more effective than 500mg daily in attenuat-
ing an exercise-induce marker of oxidative stress
(protein carbonyls, 27). The sole vitamin C trial in
PALS used an oral dose of 2,000mg daily (24,25).

Reviews of oral (28) and intravenous (29) vita-
min C studies suggest an excellent safety profile
across a wide range of doses. Patients who have a
history of renal insufficiency or kidney stones
appear to be at an increased risk of forming new
kidney stones (28,29). In some studies, ingestion
of high dose vitamin C resulted in increased
markers of oxidative stress (30). We thus assign a
TOE “Risks” grade of B (Table 1).

At an oral dose of 2,000mg daily, vitamin C
can be purchased for less than $10 per
month (31).

Table 1.. Table of evidence for vitamin C.

Grade Explanation

Mechanism C Vitamin C can reduce serum markers of
oxidative stress but there is little
evidence that it reduces these in brain
or CSF

Pre-clinical C Two flawed studies in an ALS mouse
model suggest benefits

Cases B 2 patients with validated ALS diagnoses
experienced validated improvements
(ALS reversals) on cocktails of
treatments including vitamin C

Trials F A small trial comparing vitamin C (along
with 5 other antioxidants) to placebo
showed no statistical benefit

Risks B Across many small human trials vitamin C
appears safe. Patients with a history of
renal insufficiency or kidney stones may
be at an increased risk of new
kidney stones.
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Conclusion

Vitamin C is safe and inexpensive. As an antioxi-
dant, it has a plausible mechanism for influencing
the course of neurodegenerative diseases. Two
flawed preclinical studies by the same group
showed benefits in a mouse model of familial ALS.
There are two case reports in which it was associ-
ated with improvement. However, there are mul-
tiple possible explanations for the improvement in
these cases. It is not clear which if any dose of
vitamin C might be beneficial for PALS; a small
clinical trial using oral vitamin C at 2,000mg daily
was unable to demonstrate benefits in PALS.
Based on this negative trial, we currently advise
against using vitamin C to treat ALS.
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