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Introduction
Obesity is one of the most common metabolic disorder diseases, which is caused by 

multiple factors including eating habits, environment, and genetics. It is stored in the form 
of fat when body’s energy intake exceeds consumption [1]. It is characterized by excessive 
accumulation and storage of fat in the body, which can accelerate the development of many 
chronic diseases and is a risk factor that causes diabetes. Diabetes is one of the global health 
problems, and type 2 diabetes (T2D), a chronic metabolic disease caused by the decrease of 
insulin receptor sensitivity and the increase of fasting blood glucose, accounts for about 90% 
of diabetes [2]. Selenium (Se) is an essential trace element in human diet. Previous studies had 
reported the effect of Se as a dietary supplement in yogurt [3]. Se exerts its bioactivities mainly 
through selenoproteins and the functions of selenoproteins strictly depend on the presence 
of selenocysteine, which is the 21st “naturally occurring” amino acid in the genetic code and 
is largely responsible for the health-promoting effects of Se. There are 25 selenoproteins 
in human body, and the physiological functions of some selenoproteins have been well-
characterized [4]. Se plays an important role in human immune function, which is closely 
related to the development of obesity and T2D. Refer to the average dietary micronutrient 
requirements of Chinese residents, the proportions of men and women with insufficient 
selenium intake was 49.6% and 65.4%, respectively. Long-term Se deficiency significantly 
suppresses the immune response, reduces disease resistance, and increases the risk of 
chronic metabolic disease such as diabetes and obesity [5]. Additionally, selenoproteins are 
central for antioxidant system regulation in human body [6], and protects the human liver and 
other organs from oxidative stress injury caused by obesity and diabetes. Furthermore, Se also 
improves the chronic metabolic diseases via influencing the composition of gut microbiota 
[7]. Supplementation of Se is a good therapeutic strategy to regulate the immune system, 
relieve the oxidative stress and maintain the intestinal homeostasis, thereby improving the 
physiological functions of the host. This review mainly discusses about the beneficial effects 
of Se in chronic metabolic disease, especially in T2D and obesity.

Discussion
Se has been proved to have multiple biological functions in chronic metabolic disease, such 

as antioxidation, antitumor, improving the balance of lipid metabolism, and regulating the 
immune system [8,9]. In T2D, Se can directly reduce the symptoms of diabetes, especially the 
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Abstract
The beneficial effects of selenium (Se) as a trace element in chronic metabolic disease had been 

well reported in many studies. A change of Se level in human affects body metabolism significantly. The 
mechanism through which the Se improves diabetes, hyperglycemia and obesity is by relieving insulin 
resistance, reducing appetite and upregulating genes for fatty acid breakdown. The most important effect 
of Se is the regulation of the immune system. The present studies reveal that Se and Se-enriched products 
can be considered as promising candidates for the treatment of chronic metabolic diseases especially 
diabetes and obesity. 
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fasting blood glucose (FBG) levels, through reversing the changes 
of some basic biochemical indicators, such as glycated hemoglobin 
(HbA1c) and leptin [10,11]. Additionally, Se may relieve the 
impaired glucose and insulin tolerance, and thereby improving the 
insulin sensitivity and lowering the blood glucose levels radically 
[12]. Leptin is a protein hormone secreted by adipose tissue, 
which can reduce food intake, increase energy release, inhibit the 
synthesis of fat cells, and ultimately reduce weight [13]. On the 
other hand, Se reduces fasting boy weight (FBW) in patients with 
obesity mainly by regulating not only the serum leptin but also the 
leptin in adipose tissue [14]. Se (especially selenoprotein) exhibits 
notable anti-inflammatory capacity in the host, which is closely 
related to the immune function [15]. Se can regulate the levels of 
some pro-inflammatory factors, especially the IL-1, IL-6 and TNF-α, 
through the NF-κB pathway, which is an important pathway for 
the regulation of inflammatory factors [16]. Some findings had 
presented that the high levels of pro-inflammatory factors induced 
the pancreatic injuries, which subsequently caused insufficient 
insulin secretion or decreased insulin sensitivity, eventually forming 
insulin resistance (IR) and triggering diabetes [17,18]. Moreover, the 
direct inhibition effect of inflammatory factors for insulin signaling 
pathway had been reported [19]. Therefore, Se exerts beneficial 
effects on T2D via reducing inflammation, alleviating pancreas 
damage, improving IR, and relieving the diabetes effectively and 
fundamentally. Furthermore, Se can improve human immunity by 
relieving lymphocytes injury caused by obesity. Lymphocytes are 
important components of the immune response, while obesity 
induces inflammation, decreases immune function and eventually 
causes serious injury in the lymphocytes. However, Se can suppress 
obese damage to lymphocytes by reducing the extensive high levels 
of heat shock proteins (HSPs) [20]. In addition, previous studies 
had shown that Se could reduce oxidative stress and inflammatory 
response, remedying the organism in serious state of stress [21,22]. 
A recent paper showed that the Se and its therapeutic effectiveness 
on chronic metabolic disease may be linked to activation of Sirt 
1, which may increase acetylation of p53, activate protein NF-κB 
and is critical for pro-inflammatory response [23]. In summary, Se 
significantly improves chronic metabolic diseases such as obesity 
or diabetes by suppressing inflammation and improving immunity 
in humans.

The change of free fatty acids (FFA) in serum is an important 
indicator for lipid metabolism disorders. The pro-obesity effect of 
high levels of FFA in serum is well known. Also, high concentration 
of FFA in serum may reduce peripheral tissue sensitivity to insulin 
and decrease glucose uptake, triggering IR [24-26]. The secretion 
of inflammation factors in obesity can inhibit the synthesis of 
triglycerides, promote lipolysis and increase the level of FFA in 
serum, which in turn causes IR and triggers diabetes eventually 
[27,28]. Above discussion has stated the anti-inflammation effect of 
Se in chronic metabolic diseases. Therefore, Se can inhibit lipolysis 
and the FFA levels indirectly through suppressing the secretion 
of pro-inflammatory factors, which would improve IR and relieve 
diabetes. Also, Se can decrease the level of FFA in serum with 
the same mechanism, which directly improves the symptoms of 
obesity. In addition, previous study has indicated that FFA levels 

are related to the increase of oxidative stress [29]. Oxidative stress 
induces continuous oxidative damages in animal cells, which 
increases the risk of hepatic steatosis, vascular and heart disease 
by disrupting the antioxidant balance in the human body [30]. Se 
can decrease the oxidative stress by regulating the levels of alanine 
aminotransferase (AST) and aspartate aminotransferase (ALT) to 
protect against the liver damage induced by excess oxidative stress 
accumulation happened in diabetes and obesity [31]. According to 
report, Se significantly increased the plasma antioxidant capacity by 
42% in obese mice [32]. Notably, in that study, Se has a huge effect 
in the production of glutathione peroxidase, and a little effect on the 
level of superoxide dismutase. Moreover, T2D and obesity are main 
clinical manifestations of metabolic syndrome, while non-alcoholic 
fatty liver disease (NAFLD) is hepatic manifestation of metabolic 
syndrome. Nowadays, given the prevalence of metabolic syndrome, 
nonalcoholic fatty liver disease has been the most common cause 
of liver disease in society. A study in obese rats again confirmed 
that Se, whose antioxidant properties has been proven in the above 
discussion, may reduce and prevent damaging effects of fatty liver 
in rats by decreasing the excessive serum levels of total cholesterol, 
triglyceride, AST and ALT [33]. In summary, Se can suppress the 
accumulation of oxidative stress, thereby avoiding damages to 
organs in chronic metabolic diseases, which is critical for the 
prevention and therapy of predicated global NAFLD epidemic. High 
fat diet significantly decreases the expression of genes involved in 
fatty acid oxidation and increases the expression of genes involved 
in the regulation of adipogenesis and lipogenesis. And obesity 
is mainly due to the increase of adipose tissue lipogenic gene 
expression and the decrease of lipolytic gene expression [34]. A 
study in obese mice treated with Se showed that Se prevented diet-
induced obesity, possibly via the mechanism of regulating lipolytic 
gene expression and lipogenic gene expression. Se can up-regulate 
mRNA expression of carnitine palmitoyltransferase-I (CPT1) and 
peroxisome proliferator-activated receptor alpha (PPARα), and 
down-regulated mRNA expression of fatty acid synthase (FAS), 
lipoprotein lipase (LPL), and peroxisome proliferator-activated 
receptor gamma (PPARγ) involved in lipid metabolism [32]. 
Generally speaking, diabetes is also accompanied by serum lipid 
disorders, which increases the risk of cardiovascular complications. 
Another in-vivo experiment indicated that Se supplementation can 
obviously reverse the changes of total cholesterol, triglyceride, low-
density lipoprotein, total protein and high-density lipoprotein levels 
in serum [35]. Therefore, Se may reduce the risk of cardiovascular 
complications by balancing lipid metabolism in diabetes. In 
addition, recent reports presented that such beneficial effect of Se 
is related to activation of Sirt 1, which can inhibit PPARγ -mediated 
fat differentiation, promote fat metabolism, and lower blood lipids 
[23]. 

The gut microbiota is a complex ecosystem, which plays a vital 
role in regulating human physiological and metabolic functions. 
At present, the mechanism of intestinal flora to regulate diabetes 
and obesity mainly includes the following aspects. First of all, the 
type and proportion of intestinal flora can directly affect obesity or 
T2D [36]. Secondly, gut flora can relieve obesity by regulating host’s 
immune system [37]. Thirdly, Short-chain fatty acids secreted by 
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intestinal microorganisms can improve metabolism and epithelial 
barrier integrity in many ways [36]. There are also other regulatory 
mechanisms of the intestinal flora, such as intestinal flora-
hypothalamus-mechanism of obesity regulation and so on. Previous 
reports demonstrated that the composition of the gut microbiota in 
mice influenecd the host Se levels, and that the Se levels also could 
alter the composition of the gut microbiota [38]. The diversity of the 
intestinal bacteria increased in animals fed with higher levels of Se. 
Se affects both the composition of the intestinal microbiota and the 
colonization of the gastrointestinal tract, which, in turn, influence 
the Se state and selenoproteome expression of the host [7]. Hence, 
Se and selenoproteins are closely related to gastrointestinal 
health and protective effects of Se in chronic metabolic disease 
could be mediated via a Se-gut microbiota pathway. Furthermore, 
studies have confirmed the synergistic effect of Se and probiotics 
in chronic metabolic diseases [32]. Our laboratory also developed 
a Se-enriched probiotic, Se-enriched Bifidobacterium longum 
DD98 (Se- Bifidobacterium longum DD98). Based on our results 
(data unpublished), Se- Bifidobacterium longum DD98 showed 
significant beneficial effects on obesity and T2D, and exhibited 
greater anti-diabetic and anti-obese effects compared with single 
Se or probiotics treatment. This superior function of Se-enriched 
probiotics could be attributed to the combination effects of Se and 
probiotics.

Conclusion
Many studies in animals and humans proved the important 

roles of Se in relieving chronic metabolic disease, such as T2D 
and obesity. The beneficial effects of Se are primarily mediated 
by suppressing inflammatory response, improving immune 
system, alleviating oxidative stress, and maintaining the intestinal 
hemostasis in the host. Se usually works as a dietary supplement or 
in combination with other substances, and Se-enriched probiotics 
could be considered as a promising candidate for the treatment of 
T2D and obesity. However, the application of Se in chronic metabolic 
diseases still requires more human trails to further confirm its 
therapeutic efficacy and toxicity.
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