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High sodium diet has been touted to be a major risk factor of disease in developed countries. The disease most closely 
associated with a high sodium diet is cardiovascular diseases. Autoimmune diseases are another broad spectrum of 
diseases that is associated with developed countries. In the past few years, several key scientific findings have revealed 
that a high sodium diet could also impact the pathogenicity of autoimmune diseases. In this review, we will highlight 
key results from such investigations and put it in context of high sodium diet and autoimmunity. 
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The prevalence of autoimmune diseases has steadily 
increased in developed countries. However, the various 
factors that predispose an individual to develop autoimmune 
diseases are unclear. Autoimmunity is characterized by a 
host's immune reaction to self-antigens resulting in uncon- 
trolled immune process and subsequent damage to normal 
tissue structure and function (Davidson and Diamond, 2001). 
The autoimmune disease can manifest as rheumatoid arthritis, 
autoimmune thyroiditis, multiple sclerosis, systemic lupus 
erythematosus or type 1 diabetes. Many risk factors have 
been attributed to development of autoimmune disease 
including diet, gender, age, exposure to environmental agents 
and microbial infections (Vojdani, 2014). Among these 
various risk factors, one factor that has recently received 
close scrutiny is dietary sodium intake. One aspect of 
developed countries is the increased consumption of the 

"Western" diet often equated with increased consumption 
of processed and "fast foods". Considering that many fast 
foods have high levels of dietary sodium, the effects of 
sodium consumption on health has garnered particular 
interest by scientific and clinical researchers (Powles et al., 
2013). According to one report, the sodium content in fast 
foods was 100-fold higher than comparable foods prepared 
at home (Brown et al., 2009). Further, this study showed 
that the average consumption of dietary sodium was two-
fold higher in Asian countries compared to Western countries. 
Several studies have highlighted the correlation between 
high-sodium diet and incidence of autoimmune disease. In 
this short review, we will describe scientific research that 
suggests one possible mechanistic explanation on how 
dietary sodium may promote autoimmune diseases. 

Most researchers agree that the adaptive immune system, 
especially T helper (Th) lymphocytes, plays a pivotal role 
in pathogenesis of many autoimmune diseases. There are 
three types of Th lymphocytes which have been identified 
on the basis of the specific cytokines they produce and 
depending on the invading pathogen, the way in which these 
cytokines modulate subsequent immune reactions. Of these 
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three type of Th lymphocytes, Th17 lymphocytes secrete 
interleukin-17 (IL-17) as well as other cytokines which 
function to promote an aggressive immune response against 
bacteria and fungi infections. These cytokines induce recruit- 
ment of other immune cells to infected tissues to coord- 
inate the host's defense. Generally, the Th17 lymphocytes 
undergo apoptotic cell death after eliminating the pathogen 
of interest. However, excessively activated and/or persistent 
Th17 lymphocytes can exacerbate tissue damage and disrupt 
homeostasis, thereby conferring susceptibility to autoimmune 
disease. During the past decade, results from numerous 
scientific data have strongly suggested that Th17 polar- 
ization is intimately involved in promotion of many auto- 
immune diseases. 

In 2013, two independent research groups have reported 
that sodium aggravates autoimmune disease by promoting 
Th17 polarization (Kleinewietfeld et al., 2013; Wu et al., 
2013). Although the two research groups differ slightly in 
the methodology, both groups utilized the experimental 
autoimmune encephalomyelitis (EAE) mouse model for 
multiple sclerosis. In this model, mice are immunized with 

myelin oligodendrocyte glycoprotein (MOG) which results 
in generation antigen-specific pathogenic Th17 lymphocytes 
and subsequent elaboration of encephalomyelitis. This model 
is mostly applied in mice and is generally considered to be 
a prototype for T lymphocyte mediated autoimmune disease. 
In essence, both groups reached the conclusion that a high-
sodium diet aggravates neuropathology in the EAE model. 
Wild-type (WT) mice injected with MOG developed the 
canonical symptoms of EAE when given a normal sodium 
diet (Fig. 1). However, when the MOG-injected WT mice 
were given a high sodium diet, they exhibited higher in- 
cidence of EAE, more severe pathology and higher clinical 
scores. These mice had higher levels of Th17 lymphocytes 
compared to WT mice given a normal sodium diet. Mech- 
anistically, they showed that sodium activates the signaling 
protein p38 MAPK which in turn regulates SGK1 and 
NFAT5. Their results indicate that SGK1 is induced in Th17 
lymphocytes and that lack of SGK1 in genetically deficient 
mice led to decreased neuropathology in the EAE model 
(Fig. 1). Consistent with this idea, MOG-injected SGK1 KO 
mice developed decreased incidence of EAE, decreased 

Fig. 1. High sodium diet aggravates EAE pathogenesis in a murine model of autoimmunity. WT or SGK1 KO mice were given a normal
sodium diet or high sodium diet and EAE incidence, pathology and clinical score examined. 
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pathology and decreased clinical scores compared to WT 
mice given a high sodium diet. Wu et al. further showed 
that in vitro culture of undifferentiated Th lymphocytes in a 
high-sodium milieu enhanced Th17 polarization suggesting 
that the effect of sodium could act directly on Th lympho- 
cytes (Wu et al., 2013). Thus the two research groups have 
come to the same conclusion that increased salt concen- 
trations aggravate autoimmune disease by enhancing the 
stimulation of the production of interleukin-17-producing 
Th17 lymphocytes from naïve Th lymphocytes. Although 
the effects of a high-salt diet on initiation of EAE are 
evident in both in vitro and in vivo model systems, the 
medical implications with humans are still relatively unclear. 

Many attempts have been made to evaluate the effect of 
high-sodium diet on the immune system. For example, in 
one longitudinal study, Yi et al. evaluated the clinical impact 
of a quantified high salt diet on healthy people (Yi et al., 
2015). Patients were given a protocol of fixed salt intake of 
6, 9, or 12 grams of salt per day for several months and 
thereafter examined the relationship between salt intake 
levels and changes in the immune system. They collected 
blood samples and monitored peripheral leukocyte pheno- 
type changes. This group reported that the subjects on the 
high sodium diet of 12 grams per day displayed a signifi- 
cantly higher number of monocytes compared with the same 
subjects on a lower sodium diet. Moreover, the decreased 
sodium intake was accompanied by decreased production 
of pro-inflammatory cytokines such as interleukin-6 and 
interleukin-23, along with increased production of anti-
inflammatory cytokine interleukin-10. Of interest, both 
interleukin-6 and interleukin-23 are critical factors required 
for differentiation of Th17 lymphocytes from naïve Th cells 
(Lee et al., 2012). In another study, it was reported that a 
high sodium diet in rats leads to stimulation of macrophages 
(Machnik et al., 2009). Also, Rossol et al. found that co-
culture of blood monocytes from rheumatoid arthritis patients 
with naive Th cells were potent inducers of Th17 lympho- 
cytes (Rossol et al., 2012). Taken together, these discoveries, 
albeit preliminary, suggest the tantalizing possibility that a 
high-sodium diet can modulate the immune system which 
then provides an environment conducive to skewing of a 
Th17 immune response further promoting the initiation and/ 

or aggravating Th17 lymphocyte-induced diseases. Until 
recently, the vast majority of studies on the effects of high-
sodium diet have been on sodium uptake and cardiovascular 
disease (Strazzullo et al., 2009). Although the implication 
of these studies on humans still remain a matter of debate, 
more research on the multifactorial aspects of a high sodium 
diet on the immune system is warranted. 
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