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Abstract
The effects of testosterone include sex differentiation, muscle formation, increase in bone density, promotion of erythropoiesis, erectile function, etc. Hypotestosterone is a well-studied disease and the deficiency is defined as a clinical syndrome associated with increasing age and comorbidities. It is characterized by the level of testosterone in the blood and its correlation with other complicating conditions. Low testosterone is defined by a value <300 ng/dL (12nmol/L). The low level of testosterone will have adverse effects on multiple organs of the body, leading to a decline in the quality of life, including change in sexual function (men with low testosterone and women with excessive testosterone), abdominal obesity (indicated by excessive waist circumference and other potential metabolic and cardiovascular diseases. Patients with chronic diseases like osteoporosis, erectile dysfunction, metabolic syndrome, etc., may sometimes suffer from low concentration of testosterone in their blood.  
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Introduction 
According to studies, men over age of 45 can develop hypogonadism and the rate of insufficient testosterone concentration is as high as 38.7%. The low level of testosterone can be specified as degree of testosterone deficiency, ranging from mild to severe, showing signs of low libido, lack of vitality, fatigue, mood changes, insomnia, anemia, delayed ejaculation, flushing, erectile dysfunction, muscle atrophy, and fat accumulation in the abdominal cavity [1]. Other symptoms may also include testicular atrophy, general weakness, insufficient bone mass (osteoporosis), and hair loss on the face, underarms, and perineum. Risk factors like (1) seniority, (2) obesity, and (3) diabetes are all related to decreased concentration of blood testosterone. The low level of testosterone due to obesity and diabetes can often categorized as primary (testicular hypofunction) and secondary (pituitary hypofunction), affecting two organs and implying a bidirectional influence on each other[2]. Common acquired causes of the primary type of the disease are age (such as the menopause) and long-term use of specific drugs that interfere with testosterone synthesis (such as the mycoinhibitor, Ketoconazole; the immunosuppressant; cyclosporin and the chemotherapy drug, Cisplatin. Other causes may include mumps infection, orchitis, testicular trauma, testicular torsion, orchiectomy, and factors like radiation damage, environmental poison, etc. All of which lead to decreased production of testosterone by the testicles. On the other hand, trauma to the pituitary gland, hemorrhage, and even brain tumors and brain metastases of other malignant tumors are one of the common causes of acquired secondary hypogonadism. The low concentration of testosterone in the blood of obese patients is related to hypertrophy and dysfunction of adipocytes[3-6]. 
Low testosterone is known to cause many chronic diseases, such as Leptin resistance: fat cells secreting leptin to cause leptin resistance in the center and reduce the kisspeptin signal in the hypothalamus that in turn reduces GnRH (gonadotropin releasing hormone) and Luteinizing hormone (LH) secretion, where the Leydig cells of the testis interfere with LH action and further reduce the testosterone production; Estrogen action: adipocyte aromatase enzyme (aromatase enzyme-CYP19A1) catalyzes the conversion of androstenedione and testosterone into estrone (E1) and estradiol (E2), which negatively feedback on the hypothalamic-pituitary pathway to reduce the production of testosterone; and proinflammatory cytokines: fat cells produce more tumor necrosis factor-α, interleukin-1 (IL-1) and interleukin-6, as these cytokines start interfering with the kisspeptin signal in the hypothalamus and reducing GnRH secretion, for which many studies also showed these to reduce the sensitivity to insulin, cause tissue inflammation, and produce insulin resistance. Other conditions may also develop, like decreased muscle differentiation, increased tissue inflammation, decreased mitochondrial function, and affected lipoprotein lipolytic enzymes to produce free fatty acids for more fat accumulation in muscles, liver, and pancreas. These mechanisms are all contributing to reduced insulin sensitivity and associating the patient with the condition of insulin resistance. Hyperinsulinemia also reduces the kisspeptin signaling, leading to hypogonadism and hypotestosterone condition [7]. Previous animal experiments on mice have found that mice with removed androgen receptors have increased fat accumulation, increased blood triglycerides and body weight, as they would also develop resistance to leptin and insulin [4,6-8]. The study found that testosterone supplement to obese men did reduce fat and improved lean body composition, as well as being associated with improved hemoglobin A1C and β-cell function. The supplement is effective in reducing the total amount of fat and the effect is quite profound, which may be attributed to the fact that testosterone can inhibit lipoprotein lipase, regulate adipocyte differentiation, and reduce the distribution ratio of visceral fat [9-13]. For an individual of obesity and severe symptoms of low testosterone (as suffering from erectile dysfunction), testosterone supplement with weight loss exercise may improve symptoms significantly. In summary, low testosterone, obesity, and insulin resistance are mutually correlated and may lead a person into a vicious cycle of deterioration. Low testosterone can also affect men’s body composition, quality of life, emotional stability, bone density, and sexual dysfunction, while it is also known to increase cardiovascular disease risk [14-16]. In the practice of weight loss clinics, medical history and symptom inquiries by adopting questionnaires such as the low male hormone assessment scale. Aging Males Symptoms rating scale (AMS rating scale) or Androgen Deficiency in Aging Men questionnaire (ADAM questionnaire). Other conditions such as body composition analysis, as well as tests like sex hormone detection, and insulin resistance to screen obese or overweight patients with hypogonadism, all helped physician to find the most appropriate treatment regimen of testosterone supplement for these subjects to reduce insulin resistance that will improve their physical and mental health. It is worthy to note that blood is usually drawn between 7a.m. to 11a.m. when the blood testosterone concentration is the highest. If the blood testosterone concentration is lower than the target threshold and the patient shows symptoms, the case is immediately diagnosed as low testosterone [1,6,9,18]. Serum levels of testosterone vary dramatically over time and even during the course of a day. In addition, what may seem like a symptom of testosterone excess may actually be unrelated to this hormone. In fact, most of what we know about abnormally high testosterone levels in men comes from athletes who use anabolic steroids, testosterone or related hormones to increase muscle mass and athletic performance. Problems associated with abnormally high testosterone levels in men include: heart muscle damage and increased risk of heart attack; prostate enlargement with difficulty urinating; liver disease; acne; fluid retention with swelling of the legs and feet; weight gain, perhaps related in part to increased appetite; high blood pressure and cholesterol; insomnia; headaches; increased muscle mass; increased risk of blood clots; stunted growth in adolescents; mood swings, euphoria, irritability, impaired judgment, delusions; among women, perhaps the most common cause of a high testosterone level is polycystic ovary syndrome (PCOS). This disease affects 6% to 10% of premenopausal women.  

Testosterone supplement 
Testosterone is the major sex hormone in males and plays a number of important roles, such as: the development of the penis and testes; the deepening of the voice during puberty; the appearance of facial and pubic hair starting at puberty; later in life, it may play a role in balding; muscle size and strength; bone growth and strength; sex drive (libido); sperm production. Testosterone therapy may make sense for elder who have low testosterone levels and symptoms that might be due to testosterone deficiency. It's not clear if low levels without symptoms are meaningful; treatment risks may outweigh benefits. However, the wisdom and effectiveness of testosterone treatment to improve sexual function or cognitive function among elderly is unclear [19]. People with normal testosterone levels are sometimes treated with testosterone at the recommendation of their doctors or they obtain the medication on their own. Some have recommended it as a remedy for aging; for example, a study from Harvard Medical School in 2003 found that even among men who started out with normal testosterone results noted loss of fat, increased muscle mass, better mood, and less anxiety when receiving testosterone therapy. Similar observations have been noted among women. However, the risks and side effects of taking testosterone when the body is already making enough still discourages widespread use [20,21]. Testosterone therapy have various risks, including worsening sleep apnea – which is a potentially serious sleep disorder in breathing repeatedly stops and starts, and it is causing acne or other skin reactions or stimulating growth of the prostate(benign prostatic hyperplasia) and growth of existing prostate cancer. Supplementing testosterone and adjusting lifestyle do help the elderly of low testosterone with or without obesity in the following areas:  
1. Loss of muscle mass and hip BMD from weight loss; 
2. Improved aerobic capacity (increase peak oxygen consumption, VO2 peak), which is an indication of the elderly capable of living independently; 
3. Improved sexual function such as erection, orgasm, libido and sexual intercourse to get more satisfaction in life; and 
4. Restoration to normal testosterone level. Common symptoms of hypotestosterone syndrome include easy fatigue, decreased bone density, emotional instability, decreased activity and motor function, decreased muscle mass, decreased libido, sexual dysfunction, infertility, etc., but with these signs progressing at a gradual pace[22-24]. The possible diseases and symptoms of low serum testosterone include obesity in 52% of reported cases (BMI >30 kg/m2), type 2 diabetes, long-term use of analgesic opioids in 53% of reported cases (74% with long-acting regimen), osteoporotic fractures and rapid weight loss. Clinically, if a male experiences sexual dysfunction and given the age as a sign of possible menopause, it is recommended to test the serum testosterone concentration to rule out hypotestosterone syndrome[25-29]. 

Conclusion 
There is a clear link between metabolic syndrome and hypotestosteronism. Obesity appears to be a significant factor and can cause endocrine disorders in the body, including testosterone. There are three possible reasons; first when there is more adipose tissue in the body, leptin will increase in the serum level, and leptin may interfere with the function of LH and inhibit the production of testosterone. Second obese people will produce more cortisol which inhibits the hypothalamus upward and indirectly inhibits the production of testosterone; third the adipose cells convert more estrogen, thus inhibiting the production of testosterone through negative feedback. Therefore, obesity reduces the concentration of testosterone, which in turn leads to the proliferation of adipose cells, forming a vicious cycle. Many studies have shown that supplementing adequate testosterone can reduce total cholesterol, low-density cholesterol (LDL) and triglyceride, and can increase the concentration of high-density cholesterol (HDL). Some studies have also shown that adequate testosterone supplementation can improve patients' insulin sensitivity and blood sugar control. Sufficient testosterone supplementation can not only improve the symptoms of low testosterone but also related symptoms may also have the possibility of improvement in metabolism. However, the current evidence is not enough to recommend that all patients with metabolic syndrome or diabetes should be given testosterone supplementation when low testosterone is not confirmed. This still requires future large-scale and rigorous studies to confirm its efficacy. In summary, there is a close correlation between hypotestosteroneism and metabolic syndrome. Low testosterone can lead to metabolic syndrome, and metabolic syndrome can lead to low testosterone. Because both of these will increase the risk of diabetes and cardiovascular disease; therefore, for our medical staff, when a patient is clinically found to be suffering from low testosterone, we also need to be vigilant and conduct a detailed evaluation to see whether he also has metabolic syndrome, and vice versa. For patients suffering from low testosterone, in addition to evaluating and considering supplementary treatment with testosterone, patients must also be advised to make changes in their daily routine, such as exercise, weight loss, and diet control to reduce the risks associated with metabolic syndrome. 
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