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Abstract: Obesity is one of the diseases that threaten human health at present, and it can lead to the increasing prevalence of related compli-

cations, such as Insulin resistance, Non-alcoholic fatty liver diseases NAFLD and Type 2 diabetes mellitus and so on. In the whole world, 

the prevalence rate of obesity is on the rise. Insulin resistance is one of the most common complications of obesity. More and more studies 

have shown that there is a close relationship between mitochondrial dysfunction and insulin resistance. Skeletal muscle is an important target 

organ of insulin. Skeletal muscle mitochondrial dysfunction can lead to abnormal glucose and lipid metabolism and further affect the signal 

pathway of energy metabolism. The new epidemiological survey shows that the prevalence of obesity in high altitude areas is significantly 

lower than that in plain areas, and the prevalence of overweight and obesity is negatively correlated with altitude. This paper discusses the 

relationship between high altitude hypoxia and mitochondrial metabolism.
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1. Introduction 
Obesity has become one of the diseases affecting public health. It increases the risk of insulin resistance (IR), Non-alcoholic fatty liver 

diseases (NAFLD), Type 2 diabetes mellitus(T2DM), cardiovascular disease, hypertension and some malignant tumors such as breast cancer, 

rectal cancer and renal cancer [1-3]. Obesity refers to the accumulation of excessive fat in organisms, which is affected by many factors, such 

as behavioral factors, socio-economic factors, environmental factors, heredity, metabolism and microbiota. In contemporary society, changes 

in people’s lifestyle, such as long-term intake of high-calorie foods, sedentary inactivity and other factors are the most common causes of 

obesity[4-5]. Sherpa L Y et al. [6] found that there was a negative correlation between BMI and sea pull by comparing the body mass index 

(Body weight index, BMI) of residents living at different elevations of 1200 m, 2900 m and 3600 m (Nepal and Qinghai-Tibet Plateau). Lip-

pel et al. [7] scholars have shown that living at high school altitude can reduce the weight of obese patients and improve their metabolic func-

tion.

2. Effects of High altitude hypoxia on body weight, Insulin sensitivity and Lipid Metabolism in 
obese mice

IR is one of the metabolic characteristics of obesity[8]. IR is a response to the weakening of the effect of insulin, which can lead to a 

decrease in glucose uptake by muscle and adipose tissue fine cells, a decrease in liver glycogen production, and an increase in intrahepatic 

glucose production[9-10]. Obesity seriously affects the biological function and function of insulin target tissues including skeletal muscle, 

liver and adipose tissue. Obesity is considered to be the main risk factor for IR, and IR is the most common metabolic disorder of obesity. 

They interact and influence each other. The long-term interaction of genetic and environmental factors leads to the occurrence of IR. Genetic 

factors refer to the susceptibility to insulin resistance. At present, studies are mainly focused on gene mutations, such as insulin receptor, 

glucose transporter 4 (GLUT-4) and insulin signal pathway. At the same time, aging, nutritional imbalance, lack of exercise and stress are all 

environmental factors that cause IR, among which overnutrition, especially high-fat diet is one of the most common causes of IR in daily life.

Hill NE et al. [11] showed that insulin resistance improved gradually with the increase of altitude (3600-5120m). Nirmal Aryal et al. [12] 

reported that with the increase of altitude, triglyceride and low density lipoprotein decreased, while the content of high density lipoprotein 
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increased.

 Compared with residents living below 500m above sea level, healthy residents living between 3000 m and 4500 m above sea level had 

lower fasting blood glucose [13]. The related literature reports further suggest that the median fasting plasma glucose concentration of healthy 

male residents living above 3000 m is 81.6 mg/dl, while the median fasting plasma glucose concentration of non-pregnant women at low al-

titude is 91.2 mg/dl; above 3000 m, the median fasting plasma glucose concentration is 71.7 mg/dl, while the blood glucose concentration of 

low altitude is 85.9 mg/dl [14]. Compared with people living at sea level, the analysis of blood glucose in 12 hours found that people living at 

3200 m above sea level had lower blood sugar [15].

3. Effects of hypoxia at high altitude on mitochondria and insulin signal pathway in obese 
skeletal muscle

One of the recognized metabolic characteristics. Skeletal muscle is an important target organ of insulin, and skeletal muscle plays a 

central role in systemic insulin resistance and metabolic syndrome related to high-fat diet, obesity and aging [16-17]. Skeletal muscle ac-

counts for about 45% of the human body, and is an important tissue involved in human glucose metabolism. Under normal circumstances, 

60-70% of the glucose in the blood is metabolized in the skeletal muscle and stored in the form of glycogen, and when needed, the body de-

composes into glucose for the benefit of the machine, forming a dynamic balance [18]. When obesity, the balance is broken, in order to control 

elevated blood sugar, the body will secrete more islet, aggravating IR [19].

Mitochondrial dysfunction is associated with the occurrence of insulin resistance [16,20-22]. Mitochondria are the platform for the pro-

duction and supply of cellular energy ATP[23]. Mitochondrial function can be evaluated by changes in mitochondrial-related m-RNA levels, 

protein levels, activities of key mitochondrial enzymes, mitochondrial size and shape, and substrate oxidation levels. When mitochondrial 

dysfunction occurs, it can affect glucose metabolism and lipid metabolism and induce glycolipid toxicity [24]. Aging is accompanied by the de-

crease of mitochondrial biomass function, which leads to the decrease of glucose and lipid metabolism, and glycolipid accumulation induces 

glycolipid toxicity further affect the energy metabolism signal pathway and cause mitochondrial function damage. Increased ROS production, 

decreased mitochondrial biosynthesis or changes in some mitochondrial-related proteins may impair mitochondrial function, and these fac-

tors are also the inducements of insulin resistance[25-26].

Adenosine monophosphate activated protein kinase (AMPK) is a serine / threonine protein kinase in eukaryotic cells. Its function is 

to regulate energy metabolism and maintain mitochondrial homeostasis as an energy sensor[27]. According to the literature, the biological 

function of mitochondria in skeletal muscle decreased after the knockout of AMPK genes in mice [28]. A large number of studies have shown 

that lipid accumulation in skeletal muscle can reduce insulin sensitivity. Intracellular lipid adenosine monophosphate activated protein kinase 

(AMPK) is a serine / threonine protein kinase in eukaryotic cells. Its function is to regulate energy metabolism and maintain mitochondrial 

homeostasis as an energy sensor[27].

Previous studies have confirmed that in the skeletal muscle tissue of patients with IR, the expression of PGC-1 protein decreased sig-

nificantly, and the number of mitochondria in muscle tissue decreased. The increase of NRFs and Tfam can promote the transcription and 

replication of mitochondrial DNA and improve the function of mitochondrial biosynthesis[29-30]. A large number of studies have shown 

that lipid accumulation in skeletal muscle can reduce insulin sensitivity. Intracellular lipid adenosine monophosphate activated protein kinase 

(AMPK) is a serine / threonine protease in eukaryotic cells. Its function is to regulate energy metabolism and maintain mitochondrial homeo-

stasis as an energy sensor[27].

4. Conclusion 
To sum up, high altitude hypoxia can reduce the body weight of obese mice induced by high fat diet, enhance insulin sensitivity, and 

reduce the contents of free fatty acids and triglycerides in serum. Mitochondria are the main place of energy metabolism. Skeletal muscle and 

liver contain a large amount of mitochondria. Under high altitude and hypoxia environment, by improving the biosynthesis function of skele-

tal muscle mitochondria, the content of mitochondria and the level of mitochondrial oxidized phosphate, it can reduce the deposition of lipids 

in skeletal muscle cells, improve fat decomposition, decrease the content of ceramide and improve the expression of AKT in insulin signal 
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pathway.
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