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Abstract

Objective: The purpose of this study is to unfold the relationship between overweight, sperm parameters and hormonal levels in infertile men

in the reproductive age.

Methods: From 2010 to 2013, 76 patients from Androscience, Science and Innovation Center and High-Complexity Andrology Laboratory aged

18 to 55 years were retrospectively analyzed. Semen analysis results were correlated with Body Mass Index (BMI) in patients primarily evaluated
for male infertility. According to nutritional status, patients were classified into three major groups, (I) normal range group (18.5 to 24.99 kg/m?),
(1) overweight group (25.0 to 29.99 kg/m?) and (III) obesity group (over 30 kg/m?). The relationship between semen quality and hormonal levels
was evaluated in each group. Mean results were compared and adopted p>0.05 as statistically significant.

Results: Overall, 56% of patients (n=42; mean 36.76 years-old) were classified as overweight, 26% normal BMI (n=20; mean 38.2 y.0.) and 18%
(n=14; mean 39.71 y.0.) of the patients were obese. Regarding seminal analysis, no significant difference in sperm concentration, total motility and
normal sperm morphology were identified (p>0.05). However, total progressive motility was 14.54% higher in the overweight group in comparison

with the obesity group (p=0.063).

Conclusion: The results indicated a relationship between overweight infertile men and an increase in progressive motility, further reinforcing
the need for a global assessment of men’s health, especially in certain subgroups of men such those who desire to father their own offspring currently

or in the future.

Introduction

The obesity epidemic is being considered as a serious growing
global public health issue. The prevalence of the disease has
increased dramatically since 1980, and in fact, over 60% of the
North American population have overweight or obesity [1,2].
The World Health Organization (WHO) estimates that 1,6 billion
adults have Body Mass Index (BMI) between 25 and 30 kg/m?
classified as overweight, and 400 million have a BMI over 30 kg/m?,

@ @ This work is licensed under Creative Commons Attribution 4.0 License |AUN.MS.ID.000513.

classified as obese [3]. The Brazilian population is not an exception
to this global trend, since overweight affects over half the whole
population, regardless of gender [4]. Obesity has been established
as a leading direct or indirect cause of morbidity and mortality,
driven by an increase in related life-threatening disorders, including
dyslipidemia, hypertension, cancer, type 2 diabetes, metabolic
disorders, reproductive and sexual health impairment [5]. Although
both males and females are affected by this lifestyle disorder in
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the post-modern Era, there are still few studies addressing male
reproductive health and fertility status [6].

Infertility is also a worldwide phenomenon as it affects around
15% of couples who seek to obtain a pregnancy, regardless of their
cultural and social background after twelve months of unprotected,
frequent sexual intercourse [7]. A gradual decrease in sperm
quality, particularly sperm count, has been strongly suggested
since the 1970s [8-11]. Although still controversy exists towards
methodological standardization of the techniques, environmental
factors such as air pollution, habits (tobacco, drugs, toxins, etc.),
and aging are undoubtedly correlated to a decrease in semen
quality. More studies are necessary to address the relationship of
overweight and sperm quality as a few numbers of publications
have already looked in the nutritional status [10,12-20]. The
purpose of this study is to shed light into the relationship between
overweight men, basic semen parameters and hormonal levels in

infertile men in the reproductive age.

Methods
Study population

We have retrospectively looked our collected data, between
2010 and 2013 at Androscience - Clinical and Research Andrology
Laboratory, of 76 patients aged 18 to 55 years, with BMI evaluation,
seminal analysis, levels of male sex hormones who presented
with diagnosis of male infertility. This study was approved by the
Research Ethics Committee of Hospital das Clinicas, Faculty of
Medicine, University of Sdo Paulo (1007/07) and all volunteers
signed an Informed Consent Form. The data survey was conducted
after an un-identification of medical records to set up the database.
It considered the patients confidentiality. Exclusion criteria
included: patient’s records information missing, with azoospermia

or whose did not meet the above-mentioned conditions.

Body mass index (BMI)

The BMI was obtained dividing the weight (kg) by the square
of height in meters (m). Specifically, all patients were weighted
using the digital self-calibrating Marte scale, after removing shoes
and excessive clothes. Height was measured using a Charder
estadiometer, without shoes and following all precision protocol
according to Guide to Physical Measurements (Step 2) World
Health Organization (WHO) in 2008 [21]. The BMI classification by
WHO criteria was used for nutritional diagnosis and then, patients
were divided into 4 groups such as underweight group (¥18.5kg/
m?), normal rage group (18.5 to 24.99 kg/m?), overweight group
(25.0 to 29.99 kg/m?) and obesity group (over 30 kg/m?).

Semen analysis

Semen specimens were collected after 48 to 72 hours of sexual
abstinence by masturbation into a sterile plastic container and all
semen parameters were tested within one hour after ejaculation at
37°C. After liquefaction, all semen analysis was performed manually.
Macroscopic and microscopic parameters were performed
according to WHO guidelines (2010) [22]. The following variables
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were determinate: sperm concentration (million/ml), total motility
(progressive + no progressive sperm motility; %), progressive
motility (PR; %) and strict morphology (%). Sperm morphology
was assessed using the methodology described by Kruger (1988)
[23] and by WHO [22].

Levels of male sex hormones

The biochemical and hormonal tests were composed by the
dosage of serum total testosterone (ng/dL), free testosterone
(pmol/L), prolactin (mcg/L), serum follicle stimulating hormone
(FSH mlU/ml), luteinizing hormone (LH; mlU/ml) and estradiol
(ng/dL). Patients were instructed previously to do not physical
activity before collection to avoid stress and fatigue.

Statistical analysis

The tests were performed in SPSS 15.0 software and was
adopted the significance level of 5%. The BMI was described
according to traditional classification with relative and absolutely
frequency use. Underweight BMI patients were grouped in the
healthy category and the obesity group was not considered, leaving
only three BMI category. The seminal analysis and hormonal
dosage data were tested according to the distribution normality
with using Kolmogorov-Smirnov test. Only the morphology such
a strict criterion provided normality escape on distribution;
therefore, all variations were compared as BMI using ANOVA test.
The correlations that Bonferroni compared reached statistical
significance multiply test to check with BMI categories showed
summarizing main differences. The strict criterion morphology was

compared as BMI categories using Kruskal-Wallis test.

Results

Table 1: Nutritional Status according BMI evaluation on infertility patients.

Normal Range 20 26.30%
Overweight 42 55.30%
Obesity 14 18.40%
Total 76 100.00%

Following the inclusion and exclusion criterions, 76 infertile
patients were included. Overall, 56% of patients (n = 42; mean age
of 36.76 years-old) were classified as overweight, 26% (n = 20;
mean age of 38.2 y.0.) had a normal BMI and 18% (n = 14; mean age
0f 39.71 y.0) were obese patients. Therefore 74% of the sample have
an elevated body mass index (Table 1). In (Table 2), we can observe
the percentage distribution of patients according to body mass
index (BMI) and seminal diagnosis. The frequency of varicocele
was 75% (n = 15) in eutrophic, 64% (n = 27) in overweight and
64% (n = 9) in obese groups. Regarding seminal analysis, there
was no significant difference of sperm concentration, total motility
and normal sperm morphology between groups (p>0.05) (Table
2). On the other hand, progressive motility was 14.54% higher
in overweight group in comparison with obese group (p=0.044)
(Table 3). In addition, no statistical differences were observed in
total serum testosterone, free testosterone, prolactin, FSH, LH and
estradiol levels (p>0.05) (Table 4).
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Table 2: Percentage distribution of patients according to body mass
index (BMI), and breakdown according to two basic semen parameters:
sperm count and motility.

Table 4: Mean, Standard deviation, maximum and minimum values
of hormonal parameter of total testosterone (ng/dL), free testosterone
(pmol/L), prolactin (mcg/L), FSH (mUl/mL), LH (mUI/mL) and estradiol
(ng/dL) of normal rage (BMI 18.5 to 24.99 kg/m?), overweight (BMI 25.0
to 29.99 kg/m?) and obese (BMI over 30.0 kg/m?) groups.

Table 3: Median, Standard deviation, maximum and minimum values
of seminal parameters sperm concentration (million/mL), total motility
(PR+NP; %), progressive motility (PR; %), and morphology according to
strict criteria (%) of normal rage (BMI 18.5 to 24.99 kg/m?), overweight
(BMI 25.0 to 29.99 kg/m?) and obese (BMI over 30.0 kg/m?) groups.

Concentration (million/mL)

Median; SD | 52.19;45.75 | 61.91; 61.48 | 55.09; 72.48 0.82

Min-max 6.6-157.5 0.4-226.0 0.1-239.0

Total Motility (%)

Median; SD | 48.03; 18.52 | 52.46; 21.44 | 38.79; 26.26 0.129

Min-max 7.0-75.0 0.0-87.5 3.5-82.5

Progressive Motility (%)

Median; SD | 17.88; 17.02 2216211§ 115337{} 0.044

Min-max 0.0-47.5 0.0-70.0 0.0-70.0

Strict Morphology (%normal)

Median; SD 0.95; 1.78 1.65; 2.20 1.50; 2.49 0.361

SD: Standard Deviation;
Min-max: Minimum-maximum
p<0.05

*Kruskal-Wallis test result

§Significant difference among

Normozoospermic Total Testosterone (ng/dL)
N 5 18 1 24 o ] 490.53; 441.89;
Median; SD | 544.68; 209.45 194.65 150.13 0.394
o
o within BMI 25.00% 4290% | 7.10% | 31.60% , 109.0;
group Min-max 253.0; 1050.0 1018.0 207.0; 666.0
0, 0, 0, 0, 0,
% of total 6.60% 23.70% 1.30% | 31.60% Free Testosterone (pmol/L)
Astenozoospermia Median; SD 23.74;13.12 | 38.24;54.88 | 22.32;17.05 | 0.482
N 13 11 7 31 Min-max 1.9; 44.6 7.3;301.0 47,522
o, withi Prolactin (mcg/L
% within BMI 65.00% 2620% | 50.00% | 40.80% (meg/L)
group Median; SD 8.51; 2.97 9.46; 5.69 7.88;3.61 | 0.617
% of total 17.10% 14.50% 9.20% 40.80% Min-max 2.0; 13.0 3.5; 28.9 4.7:16.0
Oligozoospermia FSH (mUI/L)
N 1 1 0 2 Median; SD 4.62;1.30 4.60; 2.60 5.03;2.70 | 0.884
o withi Min-max 3.1;7.3 1.2;125 1.0;10.2
% within BMI 5.00% 2.40% 0% | 2.60%
group LH (mUI/L)
% of total 1.30% 1.30% 0% 2.60% Median; SD 4.75;1.99 4.71; 1.92 4.02;1.27 | 0.587
Oligoastenozoospermia Min-max 1.9;8.2 1.5; 8.6 2.3;6.3
N 1 12 6 19 Estradiol (ng/dL)
o withi Median; SD 12.28;12.74 | 18.21;16.57 | 17.05;1735 | 0.562
% within BMI 5.00% 2860% | 42.90% | 25.00%
group Min-max 1.6; 42.0 1.0;52.6 1.6; 44.0
% of total 1.30% 1.30% 7.90% | 25.00% Discussion

Both obesity and male infertility are globally increasing over the
lastfew decades (24). Theimpact of obesity on male fertility hasbeen
discussed in many studies however, the results are controversial.
The relationship between obesity and alteration of sperm
parameters on infertile men is likely multifactorial and different
pathophysiological hypotheses has been raised. Firstly, alterations
of the hypothalamic-pituitary-gonadal axis have been suggested
to be involved in this process. Indeed, aromatization of steroids
to estrogens in peripheral tissues leads to the hypogonadotropic
hyper estrogenic hypogonadism previously described in obese men
Schneider G, et al. [25], with a significant decrease in total and free
testosterone levels and increase in estradiol levels, both leading
to deleterious effects on spermatogenesis. Winters et al have
also suggested that obesity may directly affect spermatogenesis
and Sertoli cell function, as prescribed by the sharp decline of
inhibin-B levels compared with the decrease of FSH [26]. In the
present study, the authors investigated the association between
BMI and serum concentrations of male sex hormones as well as
semen analysis parameters. No significant statistic difference
was found on hormonal parameters, thus, a significant decreased
of progressive motility parameter had related in obesity man, by
contrast overweight that was higher than normal range group.
Corroborating our results, Chavarro JE, et al. [27] studied 483 male
members of infertile couples and found no differences between
health and obese male with regards the semen concentration and
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motility, although they found a lower ejaculated volume in obese
man. Similarly, Jessen et al studied 1.558 Danish and had the same
result among the total number of spermatozoon and motility, and
the ejaculated volume as well. Nevertheless, they found a lower
sperm concentration and total sperm count on lower BMI group
(BMI less than 20 kg/m?) [15].

Negative effect of obesity on sperm parameters is not consistent;
there is no clear dose-response mechanism reported. Various
studies have shown obesity associated with reduction in sperm
count and concentration, motility, vitality, morphology, and/or
DNA integrity. In contrast, other researchers have not found similar
relationships [5,14]. Two meta-analytical reviews highlighted
numerous opposing conclusions. Paternal obesity is also associated
with reduced live birth rates following assisted reproductive
technology [28]. In addition, other evidence suggests that paternal
genetic health cues may be transmitted to the child, with the
mediator mostly likely occurring via spermatozoa [12]. Further
research on potential mechanisms associated with the impact
of obesity on male reproductive health is therefore warranted,
[29].
Regarding the lifestyle factors, the diet is strongly related to seminal

especially correlating overweight and sperm motility

pattern. It is known that saturated fatty acids were negatively
related to sperm concentration and motility. This agrees with
previous work showing higher saturated fatty acid concentrations
in sperm of asthenozoopermic [30,31] and oligospermic males
when compared with normozoospermic subjects [30]. Similarly,
sperm and seminal plasma levels of omega-3 PUFAs, specifically
sperm DHA and seminal plasma EPA, were positively related to
sperm concentration and motility. These findings are consistent
with those presented in the literature. Levels of omega-3 PUFAs in
human sperm, specifically DHA, have positive correlation to sperm
concentration, motility and morphology [5,32,33].

Sperm motility is determined by several factors

() after
morphologically mature, however, in its storage in the epididymal

spermatocytogenesis, testicular sperm are
tail, remains in the immobile state. Epididymal microenvironment
is characterized by low concentrations of cAMP and calcium,
important to suppress the generation of reactive oxygen
species (ROS). However, the increase in intracellular calcium
concentrations initiates a cascade reaction, followed by an increase
ROS generation, and an increase in concentration of intracellular
cAMP with subsequent development of a vigorous motility,
known as hyperactivation; (II) factors such as membrane fluidity
can contribute to the high complexity function involved in sperm
motility. Sperm membrane is rich in polyunsaturated fatty acids and
the presence of excessive seminal oxidative stress may negatively
interfere in its fluidity, a process called lipid peroxidation; (III)
finally, the motility of spermatozoa depends on an adequate power
generation mechanism [34]. Whereas individuals with overweight
and obese men have a high food consumption, including fatty acids
as polyunsaturated fats (omega-3, DHA, omega-6 and linoleic acid)
[35]. We suggest that the increase of progressive sperm motility
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observed in overweight men may be related to this higher intake.
Systemic effects of obesity in men with BMI >25kg/m2, such as
oxidative stress, must have overcome the potential beneficial
effects of extra polyunsaturated fat acids consumption.

Semen quality parameters can be adversely affected by other
environmental factors, such as stress, smoking, alcohol, medications,
addiction drugs and fat dietary intake, which were not considered
in this study [8,17,36,37]. Furthermore, we cannot disregard the
relatively small sample size which might be a limiting factor of this
study. On the other hand, by using solely the BMI, does not provide
the exact body composition (ex.: percentage of total body fat, lean
muscle mass, water, etc.). One could assume, for example, that
moderate overweigh men might have a significant higher lean body
mass. Therefore, the increased in progressive sperm motility could
theoretically be attributed to boosting of metabolism, or some
associated dietary factor such as omega-3 PUFAs intake in their diet

that was not considered in this methodology.

Conclusion

In conclusion, our results indicated a relationship between
overweight infertile men and an increase in an important basic
semen parameter: progressive motility, further reinforcing the
need for a global assessment of men’s health, especially in certain
subgroups of men such those who desire to father their own
offspring currently or in the future.
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