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Abstract
Testosterone is the main male hormone responsible for the 

formation and maintenance of male sex characteristics and the 
sexual performance of men. With age testosterone levels decrease 
which is a natural physiological process. But the timing of age-related 
hypogonadism progress has individual differences. Physiological 
processes occurring in the body of an aging man are due to genetic, 
population and individual features of genes and their mutations leading 
to genetic polymorphism. Gene polymorphism is represented mainly 
by single nucleotide substitutions that are SNP (single nucleotide 
polymorphism). Sex hormone binding globulin (SHBG) and lipoprotein 
lipase (LPL) genes are important links in the synthesis and transport of 
testosterone in male body as well as in the development of androgen 
deficiency. This review discusses the role of polymorphic variants of SHBG 
and LPL genes in the early development of age-related hypogonadism 
in overweight men.
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Introduction
The task of modern medicine implies diagnosis, 

prevention and treatment of diseases of male body and the 
capabilities of genomic medicine are aimed at completing 
this task. Testosterone as the main male hormone is 
responsible for maintaining male sexual characteristics 
and sexual capabilities of men [1]. With age, the level of 
testosterone decreases, but it is a natural physiological 
process [2,3]. There is a decrease in the testicles and 
libido, while adipose tissue increases [4]. But the time of 
occurrence of hypogonadism in everyone has individual 
peculiarities [5]. The physiological processes occurring in 
the body of an aging man are due to the genetic, population 
and individual characteristics of genes and their mutations. 
These mutations lead to genetic polymorphism that is 
represented mainly by single nucleotide substitutions-
SNP (single nucleotide polymorphism). In recent years, 

the method of genome-wide association search (GWAS) 
has been widely used to search for marker-genes [6]. 
Both the synthesis of testosterone and its transportation 
to target cells is equally vital for maintaining a constant 
level for a male body. One of the important parameters for 
the transport of testosterone to target tissues is the level of 
globulin-binding sex hormone (SHBG) [2,7].

Sex hormone binding globulin (SHBG) is synthesized 
and secreted into the bloodstream by hepatocytes [8]. SHBG 
binds biologically active androgens, and regulates their 
bioavailability for target tissues [9, 10]. With an increase 
in the age of a man, there is a growth in the concentration 
of SHBG, that results in a decrease of free testosterone 
[11]. The change in the level of SHBG depends on its 
genetic variants [12]. A decrease in testosterone is always 
accompanied by excess weight, which is a predictor of 
obesity and metabolic syndrome.
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Overweight and hypogonadism are mutually reinforcing 
conditions and there is no full explanation in medicine what is 
primary [13-15]. Some authors consider a decrease in testosterone 
to be secondary, since a decrease in body weight leads to a 
normalization of testosterone indicators [16]. Others believe that 
one of the reasons for the decrease in testosterone in obese patients 
is the activity of aromatase of excess adipose tissue [17-19].

Studies have proved that low concentrations of total 
testosterone are associated with an unfavorable lipid profile, 
which includes high levels of triglycerides and LDL and low 
levels of HDL [20].

In the metabolism of lipids, three key points such 
as absorption, transport and assimilation by tissues can be 
distinguished and assimilation begins with the action of 
lipoprotein lipase (LPL), which breaks down triglycerides 
into fatty acids and glycerin. Thus, LPL is one of the essential 
factors of lipid metabolism [21,22]. Testosterone also inhibits the 
expression of LPL in adipocytes, the main enzyme that regulates 
the accumulation of triglycerides in the fat cell. With a decrease 
in the level of testosterone, the number of adipocytes increases. 
This fact causes a violation of the metabolism of free fatty 
acids and excessive fat accumulation with a decrease in active 
muscle mass [23- 26]. In the presence of a LPL gene mutation 
hypertriglyceridemia and dyslipidemia develop, contributing 
to obesity, development of metabolic syndrome, coronary heart 
disease and hypertension [27,28].

Predictive medicine as the central direction of molecular 
medicine implies pre-symptomatic detection of persons with a 
high risk of developing hereditary diseases. However, the genetic 
risk factors for an early decrease in testosterone and factors that 
reduce it, such as obesity, diabetes mellitus and lipid metabolism 
disorders, have not been sufficiently studied and there are gaps 
in this direction. The search for new ideas, the optimization of 
existing scientific experience in the diagnosis of polymorphism of 
the genes of SHBG and LPL and the development of preventive 
measures for the age-related hypogonadism and obesity in men 
was the main reason to conduct literary review study. 

The study is aimed at analyzing  published works on the 
polymorphism of the genes of SHBG and LPL in the occurrence 
of early hypogonadism and obesity in men in Kazakhstan, in 
neighboring countries and in the world.

Searching strategy
To accomplish the task, we have carried out analysis of 

scientific publications in evidence-based medicine databases 
(PubMed, CochraneLibrary, ResearchGate, Webofscience, 
GoogleScholar, Paragraph Medicine, ScienceDirect).

Data sources
Inclusion criteria: studies of high methodological quality 

(meta-analyzes, systematic reviews, randomized controlled and 
cohort studies); also we took into account the publications on the 
results of case-control and cross-sectional studies with statistically 
proven findings in English and Russian.

Exclusion criteria: articles describing single cases and 
personal messages with no evidence base, abstracts, mass media 
and advertising articles.

Search depth: 10 years (2010 to 2020). 70 relevant papers 
reflecting the characteristics of the problem were accepted for the 
review content.

The keywords for the search: age-related hypogonadism in 
men, obesity, polymorphism of SHBG and LPL genes, overweight, 
erectile dysfunction.

As this was a systematic review, ethical approval and 
consent was not required to participate.

Findings
One of the most captivating works in the study of the 

genetic theory of early hypogonadism in men is the manuscript 
by Ohlsson (2011). This study identified two SHBG gene loci 
located at 17p13 (SNP: rs 12150660 and rs 6258) and at Xp22 
(SNP: rs 5934505), which were significantly associated with 
serum testosterone levels. An r 6258 is the first reported SHBG 
polymorphism that affects the binding of testosterone to SHBG 
and the free fraction of testosterone and therefore may influence 
the calculation of free testosterone. But this study gives a 
modest result and explains the small percentage (0.6-2.3) inter-
individual variability in testosterone levels. Additional variants 
of the sequence of alleles that affect the level of testosterone are 
probably not to have been identified and are yet to be discovered 
[29].

Based on Olson’s experience, Chinese scientists conducted 
a similar study in the Chinese population. Yao-ping Chen 
(2015) and colleagues conducted a large-scale study in six 
regions of China: Hebei, Shanxi, Guangdong, Hubei, Jiangsu 
and Guizhou. The study group included 6,898 men aged 18 to 
89 years. The aim of this study was to determine whether four 
SNP loci (rs12150660, rs727428, rs5934505, and rs10822184) 
are associated with low testosterone levels, hypogonadism, or 
obesity in the Chinese Han population. Obesity is one of the 
common causes of hypogonadism in older men [13]. According 
to this study, the frequency of the rs12150660 allele in the 
Chinese population is very rare, although in other studies this 
allele was correlated with the level of testosterone and SHBG 
in groups of European origin [29-32]. The results of this study 
have convincingly proved rs 5934505 to correlate with low 
testosterone levels in the Chinese population, as well as in 
Europeans, which creates the prerequisites for an early decrease 
in serum testosterone levels and the early development of age-
related hypogonadism in men in the Chinese population.

In contrast to the European population, genetic analysis 
demonstrates that rs727428 is not associated with serum 
SHBG and testosterone levels in Chinese men. Rs10822184 
significantly correlated with BMI in the Chinese population, 
which accordingly increased the risk of developing overweight 
and obesity. This study proves that loci rs12150660, rs727428, 
and rs10822184 differ between the Chinese and European 
populations. However, further large and functional studies are 
needed to confirm our results [33].

In 2019, Daniel Castellano-Castillo and colleagues studied 
the SHBG gene polymorphism (rs1799941) in young men. The 
study involved 212 men aged 30 to 45 years, with obesity (BMI 
above 30 kg / m2) and no history of diabetes mellitus. In the 
course of scientific research, it was found that the rs1799941 
polymorphism in young obese and hypogonadal men was 
associated with SHBG levels and, therefore, could determine the 
free testosterone fraction. This study proves that rs1799941 of 
the SHBG gene determines the genetic factor for hypogonadism. 
It indirectly promotes obesity, which will undoubtedly be 
of clinical interest in the correction of hypogonadism in 
representatives with this polymorphism in the phenotype [34].

Guangfu Jin et al, in their studies identified a new 10q21 
DNA locus that was associated with serum androgen levels 
using GWAS in 3225 European males, and confirmed two loci at 
17p13 and Xp22 reported by Ohlsson et al. [29]. 
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In addition to confirming the association of two known 
loci associated with serum testosterone levels (rs727428 in 
SHBG; rs5934505 in FAM9B), it was possible to identify 
a new locus JMJD1C in 10q21, which was associated with 
serum testosterone levels (rs10822184). There was also a way 
to prove that rs727428 was associated with serum DHT levels. 
However, some limitations of this study should be noted. First, 
10q21, 17p13, and Xp22 variants account for only a small 
fraction of the total observed variance in serum testosterone 
and dihydrotestosterone levels. This suggests that there may be 
other genetic determinants of serum androgen levels that remain 
unknown. Second, the statistical power of this study has relative 
limitations, especially for assessing the association between SNP 
and prostate cancer risk, given that among 1,644 people in the 
placebo group, there were only 410 cases of prostate cancer and 
124 cases of aggressive disease. Thus, future studies with a large 
sample size may be required in other populations to validate and 
extend our findings.

These results allow us to take a new look at the regulation 
of circulating androgen levels and may have clinical significance 
for androgen-related diseases [35].

Despite some progress in the personalized management of 
patients, there are many unclear points, in particular, the influence 
of genetic factors on the levels of reproductive hormones and the 
quality of sperm. Further studies of the genetic influence on the 
violation of reproductive physiology and the development of a 
personalized scheme taking into account the genetic profile of a 
man are needed to be conducted. In this direction, the work of 
Marina Grigorova (2017) is of special interest. The study has 
covered 578 men of reproductive age who were in an infertile 
marriage. All the men were recruited at the Andrology Hospital 
Center of the University of Tartu. All the study participants were 
born and lived in Estonia. In total, seven genetic variants in 
genomic DNA isolated from patients ' blood samples have been 
analyzed.

Of all the studied loci in the framework of our review, we 
were interested in a fragment of the SHBG study (rs1799941, 
rs727428, and rs6258). But the study did not reach statistical 
significance. Thus, the current data rule out a role for mutated 
SHBG in the predisposition to severe male factor infertility. 
Accordingly, none of the SNPs tested (rs1799941, rs727428, 
and rs6258) were significantly associated with testicular volume 
and total sperm count and concentration. This study excludes 
the role of SHBG polymorphism in the predisposition to male 
infertility [36].

Epidemiological studies have repeatedly found an 
association between low serum testosterone levels in men and 
subsequent development of central obesity, increased insulin 
concentration, metabolic syndrome, and diabetes. These studies 
are certainly associated with the LPL gene [37,38].

The state of hypoandrogenism in men is associated 
with insulin resistance that is a predictor of diabetes mellitus. 
According to the world literature review, the expected number 
of patients with diabetes mellitus by 2030 worldwide may 
reach 439 million; about 90% of these patients will have type 2 
diabetes [39].

Sex hormone binding globulin (SHBG) is the main transport 
protein for testosterone and estradiol. However, recent research 
suggests that SHBG has additional biological significance. Low 
concentrations of SHBG are associated with an increased risk 
of type 2 diabetes mellitus [40]. Lifestyle and genetic factors 
may further contribute to the underlying physiological causes 
responsible for the pathophysiology of type 2 diabetes. More 

than 36 genes have been identified that are responsible for the 
risk of type 2 diabetes. All these genes account for only about 
10% of the total genetic factors of the disease [41,42].

Tarhouny (2015) together with colleagues conducted a 
study of the relationship of SHBG polymorphism (rs6257 and 
rs6259) with the risk of diabetes mellitus and its effect on the 
level of sex hormones in the blood of men with proven type 
2 diabetes. The study involved 185 male patients with type 2 
diabetes mellitus observed in the Zagazig Diabetic Clinic, a 
control group composed of Egyptian men with normal fasting 
blood glucose levels. The owners of the rs6257 and rs6259 
polymorphic variants had a significant decrease in SHBG, which 
led to a significant decrease in total testosterone levels and an 
increase in estradiol levels compared with the control group. 
This means that carriers of this phenotype have a high risk of 
developing type 2 diabetes mellitus [43,41].

This condition may contribute to a greater accumulation of 
visceral fat, which enhances insulin resistance and diabetes by 
increasing inflammatory cytokines [44]. Sex hormone binding 
globulin may be an important target for type 2 diabetes risk 
stratification and early intervention. This fact has been repeatedly 
confirmed by many authors [45-48]. Obesity and metabolic 
syndrome are often the result of hypogonadism and SHBG 
mutations, but this cannot be considered in isolation. Most of 
the LPL genetic defects cause hypertriglyceridemia and may 
be associated with obesity. Elevated blood triglyceride levels 
are one of the risk factors for cardiovascular disease [49,50]. 
At the moment, we cannot change a person’s phenotype, but 
knowing his or her genomic data, we can predict the likelihood 
of developing a disease and effectively apply pharmacotherapy 
and diet therapy, which is the core principle of personalized 
medicine [51].

In this aspect, the study by T.B. Sentsova is worth 
considering. The study included 88 patients; the average body 
mass index (BMI) was 41.71±1.23. Since metabolic changes 
in obese patients were mainly associated with changes in lipid 
metabolism, the dynamics of blood biochemical parameters was 
assessed for various polymorphic variants of LPL genes before 
and after the use of a standard version of a low-calorie diet. 
When studying the dynamics of blood biochemical parameters 
of carriers of various polymorphic markers of the LPL gene, 
it was found that a pronounced positive effect of diet therapy 
in obese patients was observed in carriers of the polymorphic 
C/C variant of the LPL gene (Ser447Ter) [52,53]. The level of 
lipid metabolism in the blood is determined not only by genetic 
factors, but by the lifestyle that leads to overweight and obesity.

Jung-A Pyun et all conducted a study tracing the 
influence of lifestyle factors on lipid levels in Koreans with 
LPL polymorphism (rs263, rs271 and rs328). In the course of 
the study, it was found that the carriers of this polymorphism, 
with the consumption of calories in food (fats) had higher HDL 
levels. In representatives who did not have this polymorphism, 
this effect was not observed. Carriers of the same genotypes with 
alcohol consumption showed higher triglyceride levels. Given 
these data, it can be assumed that the appropriate lifestyle can be 
recommended in accordance with the type of LPL polymorphism 
for each person [54, 55].

Considering that LPL is related to overweight and obesity, 
in our search we have selected all genetic studies concerning 
LPL mutation in the relationship of lipid pathology and liver 
and pancreas diseases as a factor affecting BMI and testosterone 
levels in the blood of men.

Obesity is the most common predictor of metabolic 
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syndrome associated with hypertriglyceridemia. A similar 
relationship can be traced in the relationship of type 2 diabetes.

P. Han (2020) in his scientific research has identified three 
mutations of the LPL gene (c.162C> A, c.835C> G and c.1322 
+ 1G> A) in two unrelated Chinese patients with extremely rare 
and severe uhypertriglyceridemia. The functional analysis of 
the identified mutations has been carried out. As a result of this 
mutation of the LPL gene, partially or completely non-functional 
lipoprotein lipases are formed, which are unable to catabolize 
triglycerides into chylomicrons. Consequently, there is a gradual 
and progressive increase in chylomicrons, which leads to 
hypertriglyceridemia, diabetes mellitus, and the development 
of metabolic disorders [56]. These studies have been repeatedly 
carried out at different times by different authors [57-63].

It is a favorable fact that there are developments in 
gene therapy with an adeno-associated viral vector (AAV) 
for a lipoprotein lipase LPL (S447X) mutation in lipoprotein 
lipase deficiency. This pathology is characterized by severe 
hypertriglyceridemia and the risk of recurrent pancreatitis or 
other complications [64].

Lipoprotein lipase (LPL) plays a central role in lipoprotein 
metabolism, hydrolyzing the main fragments of triglycerides 
and circulating and low density lipoproteins (LDL). Researcher 
Rebhi L. (2012) also evaluated the effect of three polymorphisms 
HindIII, PvuII and Ser447Ter in the LPL gene on the lipid profile 
in Tunisian patients with coronary heart disease. Patients with 
genotypes HindIII TT, PvuII TC, and Ser447Ter had high levels 
of triglycerides, total cholesterol, and low density lipoproteins 
in plasma. The result of the study suggests that the HindIII 
polymorphism is considered as a marker of predisposition to 
coronary stenosis. Thus, there is an association between variants 
of the LPL gene and high levels of triglyceride, total cholesterol 
and LDL cholesterol, as well as low levels of HDL [65,66]

Violation of lipid metabolism requires a comprehensive 
study. It is worth mentioning that the weight loss after bariatric 
surgery affects the parameters of lipid metabolism the changes 
of which are due to genetic factors causing obesity. Sarzynski 
and his collaborators in Sweden conducted a 10-year patient 
monitoring of 1,771 Swedish obese patients after gastric ligation 
or bypass gastric anastomosis. The study demonstrated that the 
rs283 polymorphism was closely related to the baseline level 
of high-density lipoprotein (HDL-C) cholesterol in patients, and 
the level of HDL-C in the GG genotype groups was higher.

The amount of changes in high-density lipoprotein (HDL) 
cholesterol caused by weight loss might be of genetic character. 
We examined associations of eight candidate genes identified by 
genome-wide association studies with HDL-C at baseline and 10 
years after bariatric surgery in a Swedish study of obese patients. 
None of the SNPs were significantly associated with changes in 
HDL levels associated with weight loss.

Thus, our results show that genetic variants contributing to 
the total level of HDL-C in persons with stable weight have little 
effect on individual variations in HDL-C changes in response to 
weight loss caused by bariatric surgery [67].

Lipoprotein lipase (LPL) plays a role in lipid homeostasis, 
and their gene mutation can be considered as prognostic genetic 
markers of metabolic syndrome.

In the study we aimed at assessing the possible associations 
of polymorphisms and LPL PvuII (+/-) with metabolic syndrome 
and signs (waist circumference and body mass index).

In the total sample of variants, representatives with 
a polymorphic variant of LPL (PvuII) had a large waist 
circumference and an increased BMI. The study results were 

featured by the significant effect of the LPL gene on HDL-C 
levels in the male population.

According to the results obtained, a mutated variant of 
the LPL gene can be factors of impairment of lipid status and 
predisposition to obesity, contributing to the development of 
metabolic syndrome, especially in men [68].

Similar to the previous research, the influence of the 
relationship between polymorphic LPL (Pvu II and Hind III) 
and carbohydrate consumption on the components of the 
metabolic syndrome in representatives of the Korean population 
has been studied (Kim Y., 2013). The study reveals that carriers 
of the polymorphic LPL variant (Hind III) have a high risk of 
developing metabolic syndrome and arterial hypertension. That 
undoubtedly needs to be taken into account during dynamic 
observation of this category of patients [69].

Lipoprotein lipase controls the distribution of fatty acids 
in body derived from circulating triglycerides, and plasma 
LPL concentration is closely related to intra-abdominal fat 
distribution.

Rui-Rui Gao investigated the effect of exercise on lipid 
and glucose metabolism. The researcher targeted at studying the 
effect of exercise on lipid metabolism in obese adolescents in 
the Han population with LPL gene polymorphism (rs283). In 
adolescents with the GG genotype, there is a more noticeable 
decrease in the percentage of intraperitoneal fat, insulin 
resistance and triglycerides during exercise. This fact indicates 
the possibility of early correction of lipid metabolism disorders 
by changing the lifestyle [70].

Conclusion
Analyzing the literature, we came to the conclusion that 

a genetic predisposition may contribute to the early onset of 
hypogonadism, overweight and obesity. But despite the great 
advances in decoding the human genome, there are no clear 
criteria in the genetic diagnosis of the early development of 
hypogonadism. Age-related hypogonadism is becoming an 
increasingly relevant condition, making it a public health problem. 
Its causes and physiological consequences at the individual 
level are still elusive. However, genetic predisposition at the 
individual level is the basis on which various other lifestyle and 
nutritional factors act, leading to its early development. Obesity 
does not occur without the presence of vulnerable genetic factors. 
Indisputably, further research in this area is needed to understand 
the pathogenesis of development in various population groups.

Summing up, we note that today there is no unified 
approach to processing the results of scientific research in the 
field of studying genetic predisposition, and, moreover, there 
is no unified assessment of the feasibility of using various 
preventive methods and its effectiveness in assessing the risk 
of hypogonadism. Therefore, a comprehensive and balanced 
approach is required both for the search for disease markers and 
for assessing their suitability for accurate risk prediction.
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