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Abstract  

The testosterone levels of people with type 2 diabetes are lower than those of healthy young 

males. The hypothalamic-pituitary-gonad axis may fail in just a fraction of these individuals, 

resulting in typical hypogonadism. The cutoff threshold for blood testosterone in males without 

apparent hypothalamic-pituitary-gonadal axis disease is only a contested matter. Physical 

syndrome, hyperglycemia, and an increased risk of cardiovascular disease may be caused by 

both intrinsic and extrinsic factors interacting with the hypothalamic-pituitary-gonadal axis as 

well as glucose resistance and low-grade inflammation. There is still a need for additional studies 

to understand whether low blood testosterone levels are directly responsible for the development 

of unfavorable clinical outcomes, or whether they act as a mediating or moderating factor. At 

this time, there is no reliable information from randomized clinical studies on the effects of 

testosterone replacement therapy on significant clinical outcomes. Type 2 diabetics, for example, 

may have a higher risk of side effects from testosterone treatment than the general population. 
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Low blood testosterone levels in individuals with type 2 diabetes have been linked to increased 

cardiovascular risk factors, metabolic syndrome, as well as worsening clinical outcomes. 

Keywords:  Type 2 diabetes, Low Testosterone, Hypothalamic-pituitary-gonad axis, Glucose 

intolerance, Metabolic syndrome, Clinical studies. 

Introduction 

Nearly 90% of people with diabetes have type 2 diabetes, which is characterized by elevated 

blood sugar, insulin resistance, and also insulin deficiency. IDF estimates that by 2040, 642 

million people will develop diabetes as a result of population growth, aging, physical inactivity, 

and even an elevation in obesity prevalence. There are now 415 million people with diabetes 

around the globe. Many medical disorders and medications may lead to diabetes. These include 

hypoandrogenism, glucocorticoids, thiazides, and statins [1–4]. Among anabolic steroids, 

testosterone is the most important for the male sex. As well as stimulating the development of 

primary sexual characteristics in men (such as the penis, testes, and prostate), testosterone also 

promotes the formation of secondary sexual characteristics in men. Testosterone has an 

important function in bone health and bone density preservation [5,6]. As a result of reduced 

testosterone levels, men may have erectile dysfunction, lower urinary tract symptoms, and 

inflammatory disorders, as well as higher cardiovascular risk factors [7–9]. Similarly, 

testosterone supplementation may improve glycemic control, urinary and sexual functioning, 

voiding symptoms, and life quality [10–15]. Increased lean body mass, reduced abdominal fat 

mass, lower total cholesterol, and better glycemic control have all been linked to a lower risk of 

heart disease in older men who maintain testosterone levels [8]. Insulin resistance and a higher 

likelihood of developing type 2 diabetes have been associated with reduced testosterone (TT) 

levels (17, 18–21). moreover, testosterone supplementation has been found in short-term trials in 

males to increase insulin sensitivity (22-25). 

DETERMINATION OF  LOW TESTOSTERONE LEVELS 

Physicians have a difficult task when attempting to determine the lowest acceptable amount of 

serum testosterone. Firstly, it is not known what amount of testosterone in the general population 

causes unfavorable clinical effects. There have also been reports of significant differences in the 

standard ranges for blood testosterone levels(26). The testosterone reference ranges have 
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traditionally been generated from conventional samples or individuals in a hospital or clinic.20 

These methods are hampered by the fact that people who seek medical attention are more 

probable to have an illness than those who do not seek treatment. As a result, for the time being, 

the majority of population-based studies can use the lower limit of the normal range for early age 

Caucasian men, which ranges from 8.7 to 12.7 nmol/L, as the cutoff point16,21. However, 

interethnic differences do exist due to various mechanisms, that would be discussed in the 

following review. (26-29).  

Total, Free, and Protein-Bound Testosterone in Serum 

Only the Leydig cells of the testes produce and release testosterone into the bloodstream in 

males. The majority of it is incorporated into plasma proteins. The serum includes 0.5–3.0 

percentage unbound testosterone, 30–44 percentage SHBG-bound testosterone, and 54–68 

percentage albumin-bound testosterone (30,31). (30,31). The amount of free and albumin-bound 

testosterone that's also accessible for cells is known as "bioavailable testosterone," although 

because binding of testosterone to albumin is non-specific and consequently not tight. Since a 

major percentage of circulating testosterone is firmly bound with SHBG, alterations in SHBG 

concentration may impact complete blood testosterone levels despite altering unbound or 

bioavailable testosterone. Lists factors that alter serum SHBG levels without changing 

testosterone levels are presented. Serum total and free testosterone were compared to see which 

was more accurate and useful for researching the effects of testosterone. The outcomes were not 

uniform. Serum total and free testosterone levels were shown to be significantly linked to clinical 

outcomes in some studies, but in others, just the free testosterone level or the total serum 

testosterone level was found to be significantly linked.(32,33) 

Epidemiological studies of testosterone and type 2 diabetes/metabolic syndrome 

Diabetic men's serum total testosterone levels was shown to be lower in population studies than 

that in nondiabetic controls. Total testosterone levels in diabetic males were 2.66 nmol/l lower 

than those in nondiabetic men, according to a review of 20 cross-sectional investigations that 

included 2,900 men (850 of whom had T2D) (P 0.001). When age, BMI, and waist-hip ratio 

were taken into account, the difference between diabetic and nondiabetic males was reduced, 

although remained significant, to 1.61 nmol/l (nmol/l) (P 14 0.001). The fat tissue in our bodies 
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was not taken into consideration in these studies, which merely employed anthropometric 

measures as a basis. Since there was no reliable data on free testosterone levels, we couldn't say 

for sure how much of the low total testosterone was due to SHBG deficiency. Tissue 

androgenization may be assessed using either free testosterone levels (which can be measured or 

estimated), as well as total testosterone levels, which have been the subject of other discussions 

here in this article. Inside the National Health and Nutrition Survey III cross-sectional 

investigation, total testosterone levels were significantly lower in men with T2D than in non-

diabetic controls (1.4 nmol/l) after adjusting for BMI and WHR. Type 2 diabetes risk was 4.2 

times greater among men within the low quartile of cFT (computational unbound testosterone) (P 

14 0.04). Cross-sectional studies of men having type 2 diabetes are becoming increasingly 

common.580 Australian men 65 years of age with diabetes had a BMI of 30 kg/m2 in the largest 

study. It was found that only 43 percent and 57 percent of the adult, reproductively healthy men 

studied had normal testosterone assay values. 40% of males with a BMI under 25 kg/m2 had low 

testosterone, despite the fact that testosterone levels in this sample were adversely linked with 

both age and BMI. Two smaller studies conducted in the UK [38] and the USA [39] found that 

men with Type 2 Diabetes (T2D) were much more likely to have lower testosterone levels. 

Aging and obesity have not been studied as possible factors in the high frequency of low 

testosterone in these studies. Low total testosterone levels were also shown to be associated with 

metabolic syndrome (MetS) in three cross-sectional studies [40,41]. Only one of three studies 

indicated a link between MetS and testosterone-free testosterone. Study after study has looked at 

the link between low testosterone levels and diabetes [42,44]. The number of new cases of T2D 

at the end of an 8–11-year study varied from 26 to 57, regardless of the fact that 300–1700 men 

were involved. In two investigations, total testosterone and unbound testosterone were potential 

risk factors for T2D even after adjusting the initial BMI or WHR and insulin-resistant indices. 

Metabolic syndrome (MetS) has also been linked to low testosterone levels. Once obesity but 

also insulin resistance was taken into consideration, the negative relationship between free 

testosterone levels and Metabolic Syndrome was no longer apparent [44,45]. 

Testosterone replacement therapy 

Study participants with hypogonadism were asked to lower fasting glucose, serum insulin, and 

triglyceride levels in order to improve their health. No substantial change was seen in 
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CVD(54).sMedicare data from the United States showed any higher risk of MI after testosterone 

injections, and testosterone seemed to be advantageous to those at higher risk of a cardiovascular 

event. (55). There have been just a few clinical studies that have been published so far, and they 

have been modest, brief, and employed pharmacological rather than physiological testosterone 

doses(47,48). It will be necessary to conduct a thorough phenotyping, a big sample size, and 

lengthy follow-up duration to evaluate testosterone replacement therapy's risks and advantages. 
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                          Figure :1 Schematic diagram of  Testosterone replacement therapy 

Note: The diagrams used in this review article have not been published in any journal and were 

created originally and innovatively using subject knowledge and Microsoft PowerPoint. 

 

Depending on these experimental results, clinical studies assessing the impact of testosterone 

treatment on hypogonadal males were equivocal. Patients were administered either a 60-mg 

transdermal testosterone gel or even a placebo every day for the 12-month duration of the study, 

which reduced cardiovascular risk in men with type 2 diabetes and/or MES who showed 

evidence of androgen deficiency. The projected rise in HbA1c (a secondary aim) did not occur 
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since most participants had already been well-treated for type 2 diabetes (HbA1c 6.5%) and the 

impact was challenged by the permissible pharmaceutical changes for ethical reasons (47). 

Research on males with type 2 diabetes who are hypogonadal is thus needed. To evaluate 

whether testosterone gel or placebo may improve endurance and stair climbing skills in older 

men, the Testosterone in Elderly Men experiment included 209 participants. The data and safety 

protective measures ended the research in 2009 only three months after the last patient was 

recruited due to substantial cardiovascular effects in the investigation's treatment group. Active 

therapy patients had 23 myocardial infarctions, whereas patients in the placebo group had 5 

myocardial infarctions (48,49). According to a study published in 2012, men in their 40s who 

seemed to have low testosterone or other health conditions were found to have decreased 

mortality rates if they received testosterone treatment (50). A European study of 64 diabetic men 

with low testosterone found a reduction in mortality with this medication over the same period 

(51). Only mortality, heart attack, and ischemic stroke risk were raised among veterans who had 

coronary angiography and low serum testosterone levels who received testosterone treatment, 

Based on studies presented in the Journal of the American Medical Association, it has been 

claimed in 2013. During the preceding 90 days, equally older and younger men who had been on 

testosterone therapy had a twofold and threefold rise in the risk of myocardial infarction (MI) 

(52,53). That's why FDA decided to reassess testosterone treatment's cardiovascular safety in 

January 2014. Due to pre-existing findings of venous bleeding unrelated to polycythemia with 

testosterone users, the FDA mandated in June 2014 that all testosterone preparations have an 

extensive warning regarding the risk of blood clots in the veins. It has been established that a 

testosterone substitute/placebo is effective. 

CONCLUSION 

It has been shown that decreased blood testosterone levels may cause Diabetes is connected to 

insulin resistance, which causes obesity, cardiovascular disease, and inflammation. Men 

suffering from type 2 diabetes and their testosterone levels who are asymptomatic should not be 

checked at this time since a causal link between low testosterone and poor clinical outcomes 

cannot yet be proven. Type 2 diabetes is quite common, and additional research is needed to 

determine if low testosterone is producing negative clinical results, or if it is just a reflection of 

bad health risk factors. 
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