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Summary 
Obesity increases the incidence of hypogonadism in men, and 
hypogonadism in turn plays a role in obesity. One of the first 
mechanisms proposed to explain this was a hypothesis based on 
the principle that obese men have higher estrogen levels, and 
that increased estrogens provide feedback to the hypothalamic-
pituitary-testicular axis, reducing the secretion of gonadotropins 
and leading to a decrease of overall testosterone levels. This 
concept has since been questioned, though never completely 
disproven. In this study we compared hormone levels in three 
groups of men with differing BMI levels (between 18-25, 25-29, 
and 30-39), and found correlations between lowering overall 
testosterone, SHBG and increased BMI. At the same time, there 
were no significant changes to levels of free androgens, estradiol 
or the gonadotropins LH and FSH. These findings are in line with 
the idea that estrogen production in overweight and obese men 
with BMI up to 39 kg/m2 does not significantly influence 
endocrine testicular function. 
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Introduction 
 

Obesity is currently a worldwide problem, and 
not just in countries with high living standards but also in 
economically developing billion-plus populations like 
India and China (Fui et al. 2014). The incidence of 
obesity is often associated with other diseases of 
civilization such as diabetes, metabolic syndrome, and 
cardiovascular diseases (Vaverková et al. 2015, Kaprinay 
et al. 2016, Poledne et al. 2015, Rácz et al. 2018), along 

with comorbidities such as non-alcoholic liver steatosis 
(Toriniwa et al. 2018), osteoarthritis, and some 
oncological diseases. 

Another disorder associated with obesity is 
hypogonadism, which affects almost a third of obese men 
(Dhinsa et al. 2018, Schulster et al. 2016). However, 
complicating this relationship, deficiencies in testicular 
function have been found even in overweight men, and 
besides age, obesity is the also the most common cause of 
male hypogonadism (Carrageta et al. 2019). Thus, the 
relationship between obesity and hypogonadism is 
multifactorial and bilateral, with obesity worsening 
hypogonadism, and on the other hand hypogonadism 
increasing obesity through androgen insufficiency. The 
decreased testicular production of androgens results in 
declines in fertility, sexual dysfunction, decreased muscle 
mass, changes to bone mineralization, and lipid 
metabolism disorders, as well as increasing fat 
deposition, increasing BMI and contributing to obesity 
(Pivonello et al. 2019, Grossmann 2018, Grossmann  
et al. 2019). 

A clear worsening of metabolic indicators has 
repeatedly been demonstrated in patients treated for 
prostate cancer using androgen deprivation, with the 
testicular production of testosterone blocked through 
antagonists of gonadotropin-releasing hormones. 
Undesirable side effects of such treatment include the 
increased deposition of visceral fat and increased insulin 
resistance. Hypogonadism thus promotes various 
mechanisms leading to the production and deposition of 
fat (Grossmann 2018). 

Androgens also play an important role in the 
regulation of body fat distribution in humans. They exert 
direct effects on adipocyte differentiation, size, and fat 
compartment expansion. Androgens directly impact key 
adipocyte functions including insulin signaling, lipid 
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metabolism, fatty acid uptake and adipokine production 
(O'Reilly et al. 2014, Dušková and Pospíšilová 2011). On 
the other hand, with increased obesity a series of other 
factors lower the production of testosterone, thus creating 
a feedback loop that worsens the overall status. Among 
the predicted pathogenic mechanisms in this feedback 
loop are declines in SHBG caused by insulin resistance 
and proinflammatory cytokines. Declines in SHBG also 
lead to higher levels of free testosterone, which likely 
leads to the increased aromatization of testosterone in 
fatty tissues and increases in estrogens. Estrogens both 
decrease the production of gonadotropin-releasing 
hormones through a negative feedback loop and lead to 
the reduced production of testosterone, as well as 
promoting the deposition of fat. This hypothesis was first 
described by Cohen (1999), with decreases in overall 
testosterone being at least partially the result of decreased 
SHBG and thus increased levels of free testosterone. This 
should lead to the higher availability of free testosterone 
for the enzyme aromatase, which converts testosterone to 
estradiol and androstenedione to estrone. Higher estrogen 
levels could then impact the hypothalamic-pituitary-
gonadal axis and in men lead to an overall decrease in 
testosterone production. Higher estrogen levels in obese 
men have been repeatedly demonstrated (Jensen et al. 
2004, Aggerholm et al. 2008, Ramlau-Hansen et al. 
2010, Tunc et al. 2011, Fejes et al. 2006, Pauli et al. 
2008, Chavarro et al. 2010), but other studies have found 
no increased estrogens or no correlation with BMI 
(Dhindsa et al. 2018, Wang et al. 2014, Pasquali et al. 
1991). This is one reason why the concept of lowered 
testosterone resulting from increased conversion to 
estrogens has been criticized, though not yet completely 
disproven. 

Other complicating factors include the direct 
inhibition of leptin function in Leydig cells or the 
possibility of lowered gonadotropin secretion resulting 
from several factors linked to obesity such as leptin 
and/or insulin resistance or increased inflammatory 
markers (Fuj et al. 2014, Pivonello et al. 2019). 
Decreased spermatogenesis in obese men can also be 
influenced by increased scrotal temperatures because of 
body tissue distribution and a lack of movement. The 
degree to which obesity influences the levels of sex 
hormones, spermiogram parameters and sperm DNA 
integrity is extremely variable in light of the 
multifactorial causes and related comorbidities (Kahn and 
Brannigan 2017). 

Estrogens also play a role in food intake and 

energy (Xu and López 2018) as well as in male 
reproductive function (Schulster et al. 2016). In men, 
estradiol is essential for modulating libido, erectile 
function, and spermatogenesis. Estrogen receptors and 
aromatase, the enzyme that converts testosterone to 
estradiol, are abundant in brain, penis, and testis. In the 
brain, estradiol synthesis is increased in areas related to 
sexual arousal. In addition, estrogen receptors are found 
in the penis throughout the corpus cavernosum, with high 
concentrations around neurovascular bundles. Low 
testosterone and elevated estrogens increase the incidence 
of erectile dysfunction independently of one another. In 
the testes, spermatogenesis is modulated at every level by 
both testosterone and estrogen (Schulster et al. 2016). 

In this study we aimed to explore the association 
of estrogens with body mass index in both obese and 
overweight men compared to controls, in continuation of 
our previous study on androgens and obesity (Pospíšilová 
et al. 2013). 
 
Materials and Methods 
 
Subjects 

A total of 224 healthy men (except for their 
obesity and associated symptoms) aged 20 to 78 with 
a broad range of body mass index (BMI) from 18 to 39 
were enrolled. All patients signed informed consent 
forms before taking part in the study. Blood withdrawal 
and anthropomorphic data were obtained from fasting 
subjects in the morning between 7:30 and 8:30 a.m. 
Blood was taken from the forearm vein and serum was 
stored at -80 °C until processed in the laboratory. Body 
height (to the nearest cm) and weight (to the nearest 
0.1 kg) were used to calculate BMI as the weight (kg) 
divided by height squared (m2).  

The men were then divided into three subgroups 
according to BMI. The first subgroup consisted of 
109 men with BMI between 18 and 25 (controls), the 
second group included 78 men with BMI between 25 and 
30 (considered overweight), and the third subgroup had 
37 men with BMI 30 to 39 (considered obese).  

 
Hormone analysis 

Laboratory analyses of sex hormone binding 
globulin (SHBG), LH, FSH and steroid hormones were 
carried out as follows: 

Serum total testosterone was determined by 
a standard radioimmunoassay (RIA) using antiserum anti-
testosterone-3-carboxymethyloxime:BSA and testosterone- 
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3-carboxymethyloxime-tyrosylmethyl-ester-[125I] as 
a tracer. Intra-assay and inter-assay coefficient variants 
were 7.2 % and 10 %, respectively, and sensitivity was 
0.21 nmol/l. Sex hormone binding globulin was assayed 
using an IRMA (Orion, Espoo, Finland). Estradiol was 
determined using the commercial kit ESTR-US-CT 
(Cisbio Bioassays, Codolet, France, distributor 
Solupharm, Czech Republic) for male concentrations 
with an interval of reference 34-226 pmol/l (0.025 and 
0.975 percentile), mean recovery 102 %. Cross-reaction 
with estrone was 0.97 %, and the limit of detection was 
5 pmol/l. Commercial IRMA (Beckman-Coulter) were 
used for the determination of FSH (analytical sensitivity 
0.17 IU/l, intra-assay 4.05 %) and LH (analytical 
sensitivity 0.16 IU/l, intra-assay 7.33 %). 

 
Statistical data analysis 

To evaluate the relationships between dependent 
variables, we used an ANCOVA model with BMI group 
as the main factor and age of the subject as a covariate 

(i.e. an age-adjusted ANOVA), followed by least 
significant difference (LSD) multiple comparisons. The 
original dependent variables and the covariate were 
transformed by power transformations to attain a constant 
variance and symmetric distribution of the data and 
residuals (Meloun et al. 2000). The statistical software 
Statgraphics Centurion version XVI (Herndon, VA, 
USA) was used for the calculations. The homogeneity of 
the data and residual were checked as described 
elsewhere (Meloun et al. 2002). 
 
Results 
 

The differences in estradiol levels between the 
groups are listed in Table 1. Though there was a relative 
increase of 10 % in the levels of estradiol in obese men 
compared to controls (BMI<25), this difference was not 
significant. In the overweight group there was even 
a decrease compared to controls, but again this was not 
significant.

 
 
Table 1. Relative values and relative decreases of hormones in the three groups with different BMI, as compared to the  
BMI<25 [kg/m2] group. 

 

 
Variable 

 
Unit 

 
BMI 

[kg/m2] 

Re-transformed means with 95% confidence intervals 
Relative values 

as compared to the BMI<25 
[kg/m2] group 

[%] 

Relative decrease   
as compared to the BMI<25 

[kg/m2] group 
[%] 

Testosterone nmol/l <25   100 (91.9, 108)    0 (-8.4, 8.1)  

  
25-30 

 
84.8 (76.6, 93.4)  

 
15.2 (6.6, 23.4)  

  
>30 

 
70.4 (60.6, 80.9)  

 
29.6 (19.1, 39.4)  

       SHBG nmol/l <25 
 

100 (89.3, 112)  
 

0 (-12.3, 10.7)  

  
25-30 

 
81.6 (72.1, 92.7)  

 
18.4 (7.3, 27.9)  

  
>30 

 
70.8 (60.2, 84.5)  

 
29.2 (15.5, 39.8)  

       100 × Testosterone/SHBG 
 

<25 
 

100 (90.7, 110)  
 

0 (-10.1, 9.3)  

  
25-30 

 
99.1 (88.5, 111)  

 
0.9 (-10.9, 11.5)  

  
>30 

 
100 (84.7, 118)  

 
0 (-17.7, 15.3)  

       LH IU/l <25 
 

100 (90.4, 110)  
 

0 (-10.4, 9.6)  

  
25-30 

 
102 (91, 115)  

 
-2.4 (-14.9, 9)  

  
>30 

 
123 (104, 144)  

 
-23.1 (-44.3, -4.3)  

       FSH IU/l <25 
 

100 (86, 116)  
 

0 (-16, 14)  

  
25-30 

 
107 (90.3, 128)  

 
-7.5 (-27.5, 9.7)  

  
>30 

 
115 (89.6, 147)  

 
-15.5 (-47.5, 10.4)  

       Estradiol pmol/l <25 
 

100 (88.4, 112)  
 

0 (-12.5, 11.6)  

  
25-30 

 
90.8 (78.1, 105)  

 
9.2 (-4.7, 21.9)  

    >30   110 (90.1, 133)    -10.3 (-33, 9.9)  
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Fig. 1. Relationships between levels of total 
testosterone, SHBG, free testosterone index 
(100 × testosterone/SHBG) and BMI as 
evaluated by the age-adjusted ANCOVA model 
followed by Bonferroni multiple comparisons. 
The circles with error bars show age-adjusted 
group re-transformed means with 95 % 
confidence intervals (after Bonferroni 
correction). The original data were transformed 
by Box-Cox transformation to attain data 
symmetry and homoscedasticity before 
statistical testing, and the obtained transformed 
means and their confidence limits were 
retransformed to the original scale for 
illustration. F and p are Fisher’s statistic and  
p-value, respectively in ANCOVA testing. 
Bonferroni multiple comparisons *p<0.05, 
**p<0.01. 
 
 
 
 
 

 
Fig. 2. Relationships between levels of LH, FSH, 
estradiol and BMI as evaluated by the age-
adjusted ANCOVA model followed by Bonferroni 
multiple comparisons. The drawings and 
symbols are the same as for Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In comparison with controls, obese and 

overweight patients had significantly lower not only levels 
of total testosterone but also of SHBG, and in consequence 
the free androgen index (FAI = [total testosterone/SHBG] 
x 100) was in the normal range (Fig. 1).  

Total testosterone differed significantly between 
overweight and obese men, whereas SHBG differed 
significantly between controls and overweight men, but 
not between overweight and obese men. 

Levels of FHS and LH showed no significant 
differences among the groups, though there was a slight 
tendency toward higher levels in obese men (Fig. 2). 
Therefore, the hypothalamic-pituitary-testicular axis did 
not seem to be markedly influenced by BMI levels up to 
30 kg/m2. 

Discussion 
 

The hypothesis that reduced testosterone levels 
in obese men are the result of higher estrogen production 
and effects on the hypothalamic-pituitary-testicular axis 
was based on the fact that slightly higher estrogen levels 
have been found in obese men compared to those of 
normal BMI. For instance, Aggerholm et al. (2008) found 
that total testosterone serum concentrations were 25-32 % 
lower in obese men in comparison with normal-weight 
men, whereas estradiol concentrations were 6 % higher 
(Aggerholm et al. 2008). In another study (Ramlau-
Hansen et al. 2010), men with high adulthood BMI had 
14 % lower testosterone, 9 % lower inhibin B, 31 % 
lower SHBG, and 20 % higher estradiol than men with 
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low adulthood BMI. Pauli et al. (2008) found that BMI 
was positively correlated with estradiol (R=0.34, 
P=0.001), though for men with BMI in the range 20-30 
this correlation was insignificant. Chavarro et al. (2010) 
found a total testosterone decrease with increasing BMI, 
though estradiol concentrations did not differ between 
lean (estradiol, 29.5 [22.5-38.0] pg/ml) and overweight 
men (29.0 [21.5-35.0] pg/ml), and only a small increase 
was observed in obese men (33.5 [23.0-38.0] pg/ml). 

We found similar relative changes in estradiol 
levels, with higher levels in obese men by 10.3 % and 
lower levels in overweight men by 9.2 % compared to 
men with BMI from 18-25. However, these differences 
were not significant. Other studies have also found no 
correlation between estradiol and body mass (e.g. 
Pasquali et al. 1991, Wang et al. 2014, Dhindsa et al. 
2018). Similarly, in women with polycystic ovarian 
disease, no significant correlation was found between 
estradiol levels and body mass, though estrone levels did 
significantly increase with increased mass (Lazúrová  
et al. 2019). The study of Pasquali et al. (1991) found 
similar results for estrone in men. 

In all these studies, estradiol levels were within 
reference ranges. Even though in cases of extreme obesity 
there is a demonstrable increase in estradiol, this does not 
explain the quantitatively deep declines of testosterone in 

obese men with hypogonadism. 
On order for the hypothesis that total 

testosterone declines in obese men are initiated by 
increases of estradiol levels to be correct, there would 
have to be significant increases in estradiol. This has yet 
to be conclusively demonstrated, and our results do not 
support this either. And even if an increase in estradiol 
was found, it has yet to be shown that its influence on the 
function of the hypothalamic-pituitary-gonadal axis 
would be such that obesity could cause hypogonadism 
through this pathway. Levels of the gonadotropins LH 
and FSH in our study support the idea that gonadotropin 
secretion is not suppressed with increased body mass. 
This is also supported by clinical experience that has 
found that aromatase inhibitors and selective modulators 
of estrogen receptors (SERM) do not markedly improve 
the status of obese men with hypogonadism (Grossmann 
2018). 
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