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It is generally accepted that autoimmune diseases like 
multiple sclerosis (MS) arise from complex interac-
tions between genetic susceptibility and environmen-
tal factors. In the last half-century, the incidence of 
autoimmune diseases, including MS, has increased 
dramatically in Western countries.1 Given how 
quickly disease distribution changes have occurred 
worldwide, genetic factors seem an unlikely cause. 
Several epidemiological studies have linked MS risk 
to environmental and lifestyle factors.2 Recently, the 
dietary contribution to MS incidence and severity has 
come under scrutiny, particularly consumption of 
“Western-style diets” characterized by high-fat, cho-
lesterol, sugar, and processed foods with high content 
of salt (sodium chloride (NaCl)).

Clearly, increased sodium exerts negative impacts on 
several body systems including blood pressure, and 
cardiovascular and kidney functions. However, 
recent studies have also documented increased 
inflammatory innate and adaptive immune function 
resulting from increased NaCl. Two studies have 
shown that elevated NaCl concentrations, mimicking 
those found in the interstitium in animals fed high-
salt diets, promote CD4+ T cell differentiation to 
Th17 cells (critical effector cells in MS pathogenesis) 
in vitro.3,4 This effect occurs via transcription factor 
NFAT5 and serum/glucocorticoid-regulated kinase1 
(SGK1), both expressed on Th17 cells and induced 
by NaCl. Interestingly, SGK1 appears to govern 
NaCl homeostasis in other cells, enhancing Th17 dif-
ferentiation in an IL-23-dependent manner. These 
experimental data correlated with in vivo observa-
tions, since high-salt diets accelerated onset and 
worsened experimental autoimmune encephalomy-
elitis (EAE), a finding dramatically reduced in 
SGK1-deficient mice. High-salt diets also increased 
interferon (IFN)-γ producing T cells in animal central 
nervous system (CNS), but not in peripheral immune 
compartments, suggesting NaCl may increase infil-
tration but not expansion of IFN-γ+ effector T cells  
in target organs.4 Similarly, in EAE mice, high-salt 
diets also promoted pro-inflammatory macrophages, 

inducing microglial cells and CNS macrophage  
activation, producing IL-1β which further enhanced 
Th17 responses.5 Increasing NaCl concentrations 
also inhibited regulatory mechanisms mediated by 
M2 macrophages as well as mouse and human CD4+ 
T regulatory cells (Tregs), evolved to limit immune-
mediated inflammation levels and promote tissue 
injury resolution.6,7 Thus, increased salt intake can 
disrupt immune response equilibrium by promoting 
pro-inflammatory macrophages and T cells.

Evidence of a direct influence of salt intake on auto-
immunity and increased inflammation has only 
recently come into focus. We evaluated the associa-
tion between salt intake (measured by urinary Na 
excretion) and MS disease activity in two separate 
cohorts.8 We observed positive correlations between 
relapse rates and sodium intake after multivariate 
analysis adjusted for age, gender, disease duration, 
smoking status, Vitamin D levels, body mass index, 
and treatment. In the first cohort of 70 relapsing-
remitting MS patients followed for 2 years, relapse 
rates were 2.75 or 3.95-fold higher in patients with 
medium (2–4.8 g/day) or high (> 4.8 g/day) sodium 
intake levels compared to a baseline group of patients 
(taking World Health Organization (WHO) recom-
mended levels of < 2 g/day). Additionally, a statisti-
cally significant correlation was found between 
sodium intake and MRI activity, including T2 lesions 
and the combined unique activity (CUA) (combina-
tion of new Gd+ lesions and new or enlarging T2 
lesions). Individuals with high sodium intake had 
3.4-fold greater chance of developing new lesions 
on MRI; results later replicated in a cross-sectional 
study involving 52 relapsing-remitting patients. No 
significant correlation was detected between daily 
sodium intake and serum levels after multivariate 
adjustment, nor was there correlation between serum 
sodium and clinical or radiological disease activity, 
suggesting that if NaCl has any causal role beyond its 
association, it does not occur in the peripheral blood. 
The study could not demonstrate that increased salt 
intake is related to an increased risk of developing 
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MS. We are aware that this study has some limita-
tions, namely, small cohort size and lack of evalua-
tion of other diet components or commensal 
microbiota. So, although association between 
increased salt intake and MS activity was demon-
strated, causality cannot be claimed.

A recent case-control study evaluating the association 
between salt intake and the risk of pediatric onset of 
clinically isolated syndrome (CIS) and relapsing-
remitting MS assessed dietary salt intake using the 
Block Kids Food Screen.9 Results did not support 
association between sodium intake and MS suscepti-
bility in children. The association between increased 
sodium intake and conversion from CIS to MS and 
MS activity was recently assessed in patients receiv-
ing IFN-β-1b.10 Sequential 24-hour sodium excretion 
levels were not associated with conversion to clini-
cally definite MS during a 5-year follow-up, or  
with clinical or MRI outcome, suggesting salt intake 
does not influence MS disease course or activity. 
Discrepancies between these results and ours may be 
explained by differences in (1) patient selection (CIS 
vs relapsing-remitting MS; pediatric vs adult onset 
MS); (2) study design; and (3) population genetic 
background, possibly impacting interaction between 
genetic and environmental factors in the context of 
sodium-induced CNS inflammation.

Comorbidities are known to impact MS course.11 A 
high-salt diet is associated with increased risk of 
hypertension which has a detrimental impact on MS 
affecting clinical outcomes including walking speed, 
self-reported disability, and depression.12 Interestingly, 
macrophages residing in skin interstitium modulate 
local electrolyte composition in response to extracel-
lular NaCl hypertonicity, through secretion of vascu-
lar endothelial growth factor,13 and renin-angiotensin 
system blockade can modulate immune response and 
affect EAE course.14

Overall, experimental evidence and preliminary clin-
ical data would indicate that elevated salt intake in 
MS could worsen disease. Therefore, dietary salt 
restriction as a complementary measure in addition 
to standard medical care might benefit MS patients. 
However, strong clinical and epidemiological evi-
dence is still lacking, and the intervention remains to 
be definitively proven as a useful therapeutic inter-
vention. Prospective controlled clinical trials with 
larger cohorts should be designed to address the rel-
evance of direct and indirect effects of increased salt 
intake on the course of MS. Additionally, excess salt 
content in diet should be investigated as a potential 
environmental MS risk factor.

Declaration of Conflicting Interests
The author(s) declared the following potential con-
flicts of interest with respect to the research, author-
ship, and/or publication of this article: M.F.F. has 
received professional travel/accommodations sti-
pends from Merck-Serono Argentina and Novartis 
Argentina. J.C. is a board member of Merck-Serono 
Argentina, Novartis Argentina, Genzyme LATAM, 
Genzyme global, Biogen-Idec LATAM, and Merck-
Serono LATAM. Dr Correale has received reim-
bursement for developing educational presentations 
for Merck-Serono Argentina, Merck-Serono LATAM, 
Biogen-Idec Argentina, Genzyme Argentina, 
Novartis Argentina, Novartis LATAM, Novartis 
Global, and TEVA Argentina as well as professional 
travel/accommodations stipends.

Funding
The author(s) received no financial support for the 
research, authorship, and/or publication of this 
article.

References
 1. Bach JF. The effect of infections on susceptibility 

to autoimmune and allergic diseases. N Engl J Med 
2002; 347: 911–920, http://www.ncbi.nlm.nih.gov/
pubmed/12239261

 2. Hedström AK, Olsson T and Alfredsson L. The 
role of environment and lifestyle in determining the 
risk of multiple sclerosis. Curr Top Behav Neurosci 
2015; 26: 87–104, http://www.ncbi.nlm.nih.gov/
pubmed/25707369

 3. Kleineietfeld M, Manzel A, Titze J, et al. Sodium 
chloride drives autoimmune disease by the induction 
of pathogenic TH17 cells. Nature 2103; 496: 
518–522.

 4. Wu C, Yosef T, Thalhamer T, et al. Induction  
of pathogenic TH17 cells by inducible  
salt-sensing kinase SGK1. Nature 2013;  
496: 513–517.

 5. Hucke S, Eschborm M, Liebmann M, et al. Sodium 
chloride promotes pro-inflammatory macrophage 
polarization thereby aggravating CNS autoimmunity. 
J Autoimm 2016; 67: 90–101.

 6. Binger KJ, Gebhardt M, Heinig M, et al. High 
salt reduces the activation of IL-4- and IL-13-
stimulated macrophages. J Clin Invest 2015; 125: 
4223–4238.

 7. Hernandez AL, Kitz A, Wu C, et al. Sodium 
chloride inhibits the suppressive function of 
FOXP3+ regulatory T cells. J Clin Invest 2015; 125: 
4212–4222.

 at FLENI on September 8, 2016msj.sagepub.comDownloaded from 

http://www.ncbi.nlm.nih.gov/pubmed/12239261
http://www.ncbi.nlm.nih.gov/pubmed/12239261
http://www.ncbi.nlm.nih.gov/pubmed/25707369
http://www.ncbi.nlm.nih.gov/pubmed/25707369
http://msj.sagepub.com/


MF Farez and J Correale

http://msj.sagepub.com 3

 8. Farez MF, Fiol MP, Gaitán MI, et al. Sodium intake is 
associated with increased disease activity in multiple 
sclerosis. J Neurol Neurosurg Psychiatry 2015; 86: 
26–31.

 9. McDonald J, Graves J, Waldman A, et al. A case-
control study of dietary salt intake in pediatric-onset 
multiple sclerosis. Mult Scler Relat Disord 2016; 6: 
87–92.

 10. Fitzgerald K, Munger K, Freedman M, et al. 
Increased sodium intake is not associated with MS 
activity or progression in BENEFIT. Neurology 2016; 
86(Suppl. 1): S37.002

 11. Marrie RA and Horwitz RI. Emerging effects of 
comorbidities on multiple sclerosis. Lancet Neurol 
2010; 9: 820–828.

 12. Conway DS, Thompson NR and Cohen JA. Influence 
of hypertension, diabetes, hyperlipemia, and 
obstructive lung disease on multiple sclerosis disease 
course. Mult Scler. Epub ahead of print 26 May. DOI: 
101177/1352458516650512.

 13. Machnik A, Neuhofer W, Jantsch J, et al. 
Macrophages regulate salt-dependent volume and 
blood pressure by a vascular endothelial growth 
factor-C-dependent buffering mechanism. Nat Med 
2009; 15: 545–552.

 14. Platten M, Youssef S, Hur EM, et al. Blocking 
angiotensin-converting enzyme induces potent 
regulatory T cells and modulates TH1- and TH17-
mediated autoimmunity. Proc Natl Acad Sci USA 
2009; 106: 14948–14953.

Visit SAGE journals online 
http://msj.sagepub.com

 SAGE journals

 at FLENI on September 8, 2016msj.sagepub.comDownloaded from 

http://msj.sagepub.com
http://msj.sagepub.com/



