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ABSTRACT

Objective: The aim of this study was to invastigate the effect of body mass index (BMI) on semen param-
eters and reproductive hormone levels in infertile males.

Material and methods: Overall, 858 infertile male patients, aged between 18 and 55 years, referred to our
infertility clinic were included in the study. Patients without risk factors, besides obesity, that could affect se-
men parameters or reproductive hormones were evaluated. Patients were separated into the following three
groups: non-obese (<25 kg/m?), overweight (25-29.9 kg/m?), and obese (=30 kg/m?). Age, semen parameters,
and reproductive hormones were evaluated and compared among the groups. In addition, subgroups based
on sperm concentration were compared.

Results: Total testosterone and testosterone-estradiol ratio negatively correlated with BMI (p<0.001). A
positive correlation was observed between BMI and age (p<0.001). Even when adjusted for age, the decrease
in total testosterone was significant in all groups parallel to the increase in BMI. Although age, prolactin
level, and total testosterone had a significant relationship in univariate analysis, the only significant param-
eters were prolactin and total testosterone according to multivariate analysis. There were no significant
differences between BMI and semen parameters. No significant difference related to BMI was observed
among the infertile groups [severe oligospermia (34.3%), oligospermia (18.2%), and normospermia (47.6%)].

Conclusion: A significant negative correlation was observed between increasing BMI and total testosterone.
No relationship was observed between BMI and semen parameters except progressive motility. Neverthe-
less, prospective longitudinal clinical trials with larger sample sizes involving weight loss are needed to
understand the precise relationship of BMI with reproductive hormones and semen parameters in the same
individual.
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creasing semen quality.*"! However, there
are is still ambiguity regarding this correla-

Introduction
One of the most common health problems  tion.l”
worldwide currently is obesity. The World

Health Organization (WHO) determines the = Excess white adipose tissue converts tes-
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limit of body mass index (BMI) for obesity
as over 30 kg/m? and overweight as between
25 and 29.9 kg/m2.M According to a preva-
lent study, almost 2.1 billion people can be
classified as overweight or obese.? The cor-
relation between obesity and infertility has
been investigated. Even though the unfavor-
able effect of obesity on female fertility is
clear, studies regarding male fertility yielded
ambiguous outcomes.”*! Several studies have
stated that obesity plays a crucial role in de-

tosterone to estrogen through aromatization
activity and is responsible for elevated estro-
gen concentrations in obese men. Increased
estrogen has a negative effect on the hypo-
thalamus-pituitary gonadal axis resulting in
suppression of gonadotropin secretion. De-
creased testosterone and increased estrogen
have been associated with subfertility and
reduced sperm parameters.””! Therefore, aro-
matase inhibitors have been used in the treat-
ment of infertility.®
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Obesity typically coexists with metabolic disorders, such as
hypertension, diabetes, hyperlipidemia, or proinflammatory
reactions.”? Hence, it is challenging to observe only the real
effects of obesity on sperm quality and reproductive hormonal
changes.

To our knowledge, several recent studies have not mentioned the
isolated effect of obesity on fertility in their study population.
Therefore, this study aimed to investigate the relationship be-
tween obesity and male infertility in a large patient group, after
excluding possible confounding variables.

Material and methods

Study population

Our study was designed as a retrospective case control study.
The study was approved by the Erciyes University Ethi-
cal Committee (approval number: 2018/409). Overall, 3563
consecutive male Turkish patients with complete data aged
between 18 and 55 years, who were admitted for infertility
evaluation between November 2001 and March 2017, were
evaluated. Among these patients, 858 male patients among in-
fertile couples whose lab records and medical histories were
documented.

Inclusion and exclusion criteria

All chronic diseases, such as chronic obstructive pulmonary
disease, chronic liver disease, hypertension, asthma, diabetes,
epilepsy, chronic kidney disease, chronic inflammatory bowel
disease, hypothyroidism, hyperthyroidism, cerebrovascular
events, and thromboembolism were routinely recorded and con-
sidered as possible risk factors affecting fertility. Moreover, pa-
tients were questioned regarding all other possible risk factors

* Decreased testosterone and increased estrogen have been as-
sociated with subfertility and reduced sperm parameters.

e The generally accepted mechanism is defined as aromatization
of testosterone to estradiol by peripheral adipose tissue and the
suppression of high levels of estradiol of the hypothalamus-
pituitary gonadal axis via negative feedback inhibition.

e It is challenging to observe only the real effects of obesity on
sperm quality and reproductive hormonal changes.

* Generally, several studies in the literature have suggested a
weak, albeit significant relationship of semen parameters and
reproductive hormone levels with increased BMI. This result
is probably because of the large sample size.

e Prospective longitudinal clinical trials with larger sample sizes
involving weight loss are needed to accurately understand the
relationship of reproductive hormones and semen parameters
with BMI in the same individual.

affecting male infertility, such as varicocele, undescended testis,
epididymitis, mumps orchitis, testicular cancer, Klinefelter’s
syndrome, cystic fibrosis, immotile cilia syndrome, vasal agen-
esis, distal ejaculatory duct obstructions, translocation anoma-
lies, hypogonadotropic hypogonadism, history of hydrocelecto-
my, herniorrhaphy, orchiopexy, vasectomy, and testicular sperm
extraction. All the above parameters were accepted as possible
risk factors affecting fertility, apart from obesity. Because of the
much higher prevalence of azoospermia (28.2%) in our cohort
compared with the general infertile population, patients with
azoospermia were excluded from the study to exclude patients
with obstructive azoospermia from the study group. Overall,
858 male patients among infertile couples who were meticu-
lously selected with exclusion of all possible risk factors were
recruited for this study. The study design is summarized in the
flowchart (Figure 1).

Procedures

Each patient’s weight and height were measured, and BMI was
calculated by dividing the weight by the square of the height
at their first physical examination. Semen specimens were col-
lected after a sexual abstinence period of three full days. Semen
analysis was performed per the WHO 2010 criteria.'® Semen
analysis results before 2010 were adjusted according to WHO
2010 criteria. Reproductive hormones, such as follicle stimulat-
ing hormone (FSH), luteinizing hormone (LH), prolactin, total
testosterone (TT), estradiol (E,), and testosterone-estradiol ratio
(T/E) were evaluated using electrochemiluminescence immuno-
assay (ECLIA, Roche® 8000 Diagnostics). Blood samples were
routinely collected between 8 and 10 am to assess the reproduc-
tive hormones.

Statistical analysis

Shapiro-Wilk test, histogram, and Q-Q plots were applied to as-
sess data normality. Variance homogeneity was assessed using
Levene’s test. The Pearson chi-square analysis was employed
for categorical variables and Kruskal-Wallis test for continuous
variables to compare the differences among the BMI groups.
Dunn-Bonferroni test was applied for multiple comparisons.
Covariance analyses were conducted to assess age-adjusted dif-
ferences among the BMI groups. Spearman’s test was performed
for correlation analysis. Binary logistic regressions adjusted for
baseline age were performed, with results presented as odds ra-
tio and 95% confidence interval. Furthermore, univariate and
multivariate logistic regression analyses were used to determine
the most significant risk factors. Significant variables at p<0.25
on univariate analysis were taken into multiple model and for-
ward stepwise selection was performed using likelihood ratio
statistic at p<0.10 stringency level. Additionally, odds ratio was
obtained with 95% confidence interval. Hosmer-Lemeshow test
statistics were employed for goodness of fit test for testing mod-
el instability. Analyses were conducted using TURCOSA Cloud
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Assessed for eligibility (n=3563)

Excluded (n=2367)
Patients carrying all possible risk factors
related to semen parameters and fertility

> |7Excluded patients with azoospermia (=338, 28.2%) ]

Study population (n=858)

Normospermic patients (n=408)

0-5 milli )

Body mass index (<25), (n=312)

Oligospermic patients (n=156)

Body mass index (25-29.9), (n=376) |

(Spermatozoa <15 million/mL)

Severe oligospermic patients (n=294)

Figure 1. Flowchart of the study

(Turcosa Analytics Ltd Co, Turkey) software. A p value of less
than 5% was considered statistically significant. Power analysis
was performed using TURCOSA Cloud software (Turcosa Ana-
Iytics Ltd. Co., Turkey). Alfa 0.05, Beta 0.20, (1-Beta)=0.900.

>15 milli )

Results

Overall, 858 patients were studied. The mean age was 30.8+5.1
years (median 30 years, range: 18—51 years) and the mean BMI
was 26.7+4.1 kg/m? (median 26.1 kg/m?, range: 17-52 kg/m?).
Correlations between BMI, reproductive hormone levels, and
semen parameters are summarized in Table 1. In the study,
TT and T-E ratios negatively correlated with BMI (r=—0.267,
p<0.001; r=-0.161, p<0.001, respectively). A positive correla-
tion was observed between BMI and age (r=0.146, p<0.001)
(Table 1). The correlation between BMI and TT level is de-
picted in Figure 2.

Because of the significant difference in age among the groups,
covariance analysis was performed to conduct age-adjusted group
comparisons. After adjusting for age, the T-E ratio became in-
significant, whereas the TT level was still significantly different
among the BMI groups (p<0.001) (Table 2). After reclassifica-
tion of the BMI as >25 abnormal (n=546, 63.6%) and <25 normal
(n=312, 36.4%), logistic regression analysis was performed to
determine the most significant risk factors. In univariate logistic

regression analysis, parameters like age, prolactin, FSH, TT, tes-
tosterone ratio, progressive motility, and total progressive sperm
motility were significant (p values of parameters that can be en-
tered into the modelwere p=0.046, p=0.045, p=0.158, p<0.001,
p=0.142, p=0.107, and p=0.132, respectively). When the signifi-
cant variables at p<0.25 on univariate analysis were taken into the
multiple model, prolactin (p=0.023) and TT (p<0.001) were noted
to be statistically significant. Univariate analysis revealed that the
risk of obesity increased by 1.033 times when the prolactin level
increased by one unit. In addition, the risk of obesity increased by
2% (1-0.998) with a decrease of one unit of TT (Table 3). Mul-
tivariate analysis observed prolactin and TT to be the only sig-
nificant parameters (Table 3). Semen volume, sperm concentra-
tion, total sperm count, progressive motility, and total progressive
motile sperm count were noted to have no significant correlations
with BMI on univariate analysis (Table 3).

The distribution of patients according to sperm concentration
was as follows: severe oligospermia (spermatozoa 0—5 million/
mL) (n=294, 34.3%), oligospermia (spermatozoa <15 million/
mL) (n=156, 18.2%), and normospermia (spermatozoa >15
million/mL) (n=408, 47.6%). No significant difference was ob-
served related to BMI among the groups (Table 4). Furthermore,
when patients with azoospermia were included (data not shown)
in the study, no significant change was observed in the correla-
tion between semen count and BMI.

In addition, results of reproductive hormone levels and semen
parameters were compared among the BMI groups in patients
with normospermia. Increased prolactin levels were noted to be
statistically significant, especially in the obese group (BMI >30
kg/m?). The decrease of TT level was still significantly different
in all BMI groups (p<0.001). The progressive sperm motility
in the overweight group (BMI 25-29.9 kg/m?) was significantly
higher than the obese group (BMI >30 kg/m?) (p=0.039). Com-
parisons of data of patients with normospermia are summarized
in Table 5.

Discussion

Several studies have analyzed the effect of obesity on male in-
fertility with different numbers of patient groups. Considering
the new information, this effect consists of multiple factors and
several different pathophysiological mechanisms.*'!! The gener-
ally accepted mechanism is defined as aromatization of testoster-
one to estradiol by peripheral adipose tissue and the suppression
of high levels of estradiol of the hypothalamus-pituitary gonadal
axis via negative feedback inhibition.”'>!3! Consequently, the de-
creased testosterone and increased estrogen may reduce sperm
parameters and may result in subfertility. Thereby, obesity may
cause hypogonadotropic hypogonadism and hyperestrogenism.
Obesity may lead to impaired sperm quality, negative effects on
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sperm mitochondrial activity, increased sperm DNA damage, and
increased seminal oxidative stress.'*! All these factors have been
investigated in several studies, albeit with conflicting results.

In a meta-analysis reported by MacDonald et al.'!, no strong
evidence was detected between semen parameters and obesity.
In this meta-analysis, there was strong evidence of a negative

Table 1. Correlations between body mass index and
semen parameters and reproductive hormone levels

n=858
rho p*
Age (year) 0.146 <0.001
Prolactin (ng/mL) 0.057 0.096
FSH (mIU/mL) 0.008 0.806
LH (mIU/mL) —0.043 0.211
Total testosterone (ng/dL) -0.267 <0.001
Estradiol (pg/mL) -0.032 0.358
Testosterone/estradiol ratio —0.161 <0.001
Semen volume (ML) -0.010 0.781
Sperm concentration (x10%mL) 0011 0.752
Total sperm count (x106) -0.018 0.590
Progressive motility (%) -0.004 0.910
Total progressive motile sperm (x10°) —-0.008 0.810

FSH: follicle stimulating hormone; LH: luteinizing hormone; rho: Spearman
correlation coefficient; BMI: body mass index; p*: Spearman test.

relationship of TT, sex hormone binding globulin (SHBG), and
free testosterone with increased BMI. The major limitation was
that 26 of 31 studies were unsuitable for the meta-analysis. The
common limitation of the studies reported in the meta-analysis
was that weight and height measurements were self-reported
and recruited participants did not have the same inclusion cri-
teria. Wu et al.l'> observed significant negative relationships of
testosterone, free testosterone, and SHBG with BMI, and noted
no relationship of LH in 3200 participants recruited from the
general population. Furthermore, Aggerholm et al.l'! observed
a significant negative relationship between testosterone and

1400
= <
1200 = rho=0.267, p<0.001
—_
- ( *
3 % & ’
1000 T PR &
£ - . /S
- * * *
g i .:‘2' Fe s Y. "
. .
o 800 s '0;,""' s
[} o WL B o Sisg, e @
% *, *® o >
2 AT N SR L R R
S 600 SASS gt oy *
+ * 5% ¢ ILs 9. ®
0 Bt 070 %o .
Q R SR 200 o083 *
+ N s RO TRNE R .
—_ LA S
S 400 A 3 S I
° RSN S > .
= o P $%S o % S
¢ SIRITIIA
o - K3 . -
200 . o ¥ e o0, *
A oL DS *® * .
0
20 25 30 35 40 45 50
Body mass index (kg/m?)
[ Points — Smooth line|

Figure 2. Correlation between total testosterone and body mass

Table 2. Patient characteristics

BMI (<25) n=312

BMI (25-29.9) n=376

BMI (=30) n=170

36.4%) 37.6%) (19.8%) p* p+
Age (year) 29 (26-33)* 30 (28-34)° 31 (28-35)° <0.001 NA
Prolactin (ng/mL) 8.2 (5.6-11.6) 8.3 (6-10.7) 8.5 (7-11) 0.140 0.063
FSH (mIU/mL) 4(24-6.8) 42 (2.6-6.8) 42 (2.6-6.5) 0.793 0.321
LH (mIU/mL) 43(3-59) 39 (2.8-5.5) 42 (2.8-54) 0.222 0.402
Total testosterone (ng/dL) 472.1 (353.7-631.7)* 398 (297.8-522.8)" 348.1 (261-470)¢ <0.001 <0.001
Estradiol (pg/mL) 31.6 (22.3-432) 30.3 (21-42.3) 29.6 (20.9-40) 0.484 0.665
Testosterone/estradiol ratio 16.2 (9.9-23.9) 13.2 (8.6-20)* 12.1 (8.2-18.7)" 0.001 0.306
Semen volume (mL) 2.6 (2-3.7) 2.5(2-34) 24 (1.9-3.5) 0.635 0422
Sperm concentration (x10%mL) 12.5 (2.6-30.3) 15 (3.1-35) 10.7 (2.4-34) 0.407 0.336
Total sperm count (x10°) 35.5 (6-80) 334 (7.8-89.9) 25.5 (6.9-79.7) 0.608 0.664
Progressive motility (%) 27 (16-35) 28 (20-38) 27 (17.7-33) 0.114 0.077
Total progressive motile sperm (x10°) 6.8 (0.9-21.7) 8.6 (1.3-28.5) 6.2 (1.3-24.5) 0.247 0.239

FSH: follicle stimulating hormone; LH: luteinizing hormone; BMI: body mass index (kg/m?); NA: not available; p*: Kruskal-Wallis, Intergroup comparisons; p+,

Covariance analyses, Age-adjusted intergroup comparisons. Values are expressed as median (25"-75" percentiles). “* < : Statistically significant groups are shown in

different letters. If the groups labelled by the same letter, it means that there is no statistical difference.
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Table 3. Result of multiple logistic regression analysis of the possible correlates for body mass index (>25 abnormal, <25

normal)
Univariate

Variable OR (95% CI) p*
Age (year) 1.033 (1.001-1.066) 0.046
Prolactin (ng/mL) 1.033 (1.001-1.067) 0.045
FSH (mIU/mL) 0.974 (0.939-1.010) 0.158
LH (mIU/mL) 0.966 (0.899-1.038) 0.348
Total testosterone (ng/dL) 0.998 (0.997-0.999) <0.001
Estradiol (pg/mL) 0.996 (0.986-1.006) 0.429
Testosterone/estradiol ratio 0.992 (0.980-1.003) 0.142
Semen volume (mL) 0.988 (0.869-1.123) 0.852
Sperm concentration (x10%/mL) 0.998 (0.991-1.004) 0.523
Total sperm count (x10°) 0.999 (0.996-1.002) 0.443
Progressive motility (%) 0.990 (0.978-1.002) 0.107
Total progressive motile sperm (x10°) 0.995 (0.987-1.002) 0.132

Multivariate

OR (95% CI)

1.034 (1.000-1.070)
0.998 (0.997-0.999)

FSH: follicle stimulating hormone; LH: luteinizing hormone. p* value for comparison between "normal" and "abnormal" groups: Univariate logistic regression test

variable. p** value for comparison between "normal" and "abnormal" groups: Multivariate logistic regression test variable

Table 4. Comparisons of sperm concentration among BMI groups

BMI (<25) BMI (25-29.9)
Severe Oligospermia (<5 million/mL) 113 (38.4) 121 (41.2)
Oligospermia (5—15 million/mL) 58(37.2) 65 (41.7)
Normospermia (>15 million/mL) 141 (34.6) 190 (46.6)
Total 312 (36.4) 376 (43.8)

BMI (=30)
60 (20.4)
33(21.2)
77 (18.9)
170 (19.8)

Total
294 (34.3)
156 (18.2)
408 (47.6)
858 (100)

p*
0.652

BMI: body mass index; *, Pearson chi-square; Values are expressed as n, (%)

Table 5. Characteristics of normospermic patients according to BMI groups

BMI (<25) n=141

(34.5%)
Age (year) 29 (27-34.5)
Prolactin (ng/mL) 79 (5.5-11.1)*
FSH (mIU/mL) 33(2.2-5.1)
LH (mIU/mL) 3.7 (2.7-5)
Total testosterone (ng/dL) 472 (349.9-659)*
Estradiol (pg/mL) 32.5(22.8-44.5)
Testosterone/estradiol ratio 15.9 (9.6-23.6)*
Semen volume (mL) 24 (2-34)
Sperm concentration (x10%mL) 34 (23.7-51)

83.7 (60.4-122.8)
31 (22-38.5)®
24.6 (15.4-41.6)

Total sperm count (x10°)
Progressive motility (%)

Total progressive motile sperm (x10°)

BMI (25-29.9) n=190

(46.6%)

31 (27.7-34)
8.2 (5.7-10.1)"
34 (24-49)
37 (2.7-5.1)
406 (304-524.1)°
32.1 (22.2-44.2)
129 (8.1-18.8)°
2.6 (1.9-3.4)
35 (24-52)
88.9 (58.2-126)
32 (25-41)
28.1 (15.7-48.3)

BMI (=30) n=77
(18.9%)

31 (28-35)
8.9 (7.2-112)
3.5(2.3-4.5)
3.7 (2.6-4.7)
337 (249.7-469)¢
28.7 (21.1-28.3)
11.8 (74-17.7)
2.3(1.8-3.3)
35 (24-54)
90 (54-134.1)
30 (21-34.5)
272 (11.7-37.7)

p*
0.133
0.016
0.689
0.739

<0.001
0.220
0.004
0.481
0.811
0917
0.039
0.339

FSH: follicle stimulating hormone; LH: Luteinizing hormone; BMI: body mass index (kg/m?); p*: Kruskal-Wallis, Intergroup comparisons; Values are expressed as median

(25"—75" percentiles). “°-¢ : Statistically significant groups are shown in different letters. If the groups labelled by the same letter, it means that there is no statistical difference.
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SHBG but they did not find any relationship between E,, LH,
and FSH in 1989 men recruited from the general population. In
our study, the decrease in TT level was significant in all BMI
groups when the age factor was eliminated.

The relationship of obesity with semen parameters and repro-
ductive hormone levels were not significant in other similar
studies.'!"1 On the contrary, another meta-analysis determined
anegative relationship between BMI and semen parameters.” In
a comprehensive cohort study comprising 10,665 patients, a sta-
tistically significant negative relationship was detected between
BMI and semen volume, concentration, and motility, but no re-
lationship with morphology was detected.!"! Nonetheless, het-
erogeneity of the study population and no information regarding
any exclusion criteria for the selection of patients were major
limitations of this study. In this context, the elimination of all
possible risk factors that may affect BMI makes our study more
reasonable. Bieniek et al.!' reported that the strongest correla-
tions were observed between increasing BMI and sperm concen-
tration (r=—0.08, p<0.001) and motility (r=—0.07, p<0.001) in a
multi-institutional cohort study (n=4440). However, when we
looked at the relationship reported as strong, the correlation co-
efficient of the study was noted to be weak. Their study groups
consisted of men who were referred for male infertility evalua-
tion from two centers and semen analyses were performed using
two different methods (computer-assisted and manual). This sta-
tistically significant correlation could be due to the large sample
size. Conversely, we did not observe any relationship between
BMI and semen parameters in all analyses of our study group.

Nevertheless, research investigating the effect of weight loss,
through bariatric surgery or aerobic exercise program, on sperm
parameters is valuable in terms of evaluation of semen param-
eters and reproductive hormone levels in the same patients 20221,
Increased testosterone levels and improved semen parameters
were observed following weight loss in these studies. Likewise,
our study observed that increased weight correlated with de-
creased TT level in all groups.

We performed a subgroup analysis of severe oligospermia, oli-
gospermia, and normospermia in men without risk factors af-
fecting male infertility. We observed that an increase in BMI did
not affect sperm count adversely. According to our results, the
decrease in TT and T-E ratios are because of increased BMI and
indicate peripheral aromatization and negative feedback. De-
creased TT levels were observed in all BMI groups, even with
age-adjusted analysis.

Generally, several studies in the literature have suggested a
weak, albeit significant relationship of semen parameters and
reproductive hormone levels with increased BMI. This result
is probably because of the large sample size. In our study, this

weak relationship was observed despite careful patient selec-
tion. Moreover, it is thought that even with exclusion of several
parameters that affect semen parameters or hormone values, no
clear relationship is observed.

Nonetheless, our study had few limitations. First, this study
had a retrospective case control design and was not a popula-
tion-based study. This limitation prevented us to conduct a lon-
gitudinal study for investigating the effects of weight loss on
semen parameters. Second, percentages of normal sperm mor-
phology were not considered owing to missing data. Third, the
inclusion of only infertile males might have prevented us from
drawing comparisons with the general population. Moreover,
we excluded men with azoospermia because of the impossibil-
ity of evaluating the relationship between semen parameters
and BMI.

In conclusion, in this study, we evaluated the relationship of se-
men parameters and reproductive hormones with BMI in a large
patient group after excluding possible risk factors that may af-
fect infertility. We observed a significant negative correlation
between increasing BMI and TT levels. Although no relation-
ship was observed between BMI and semen parameters upon
the overall group comparison, progressive motility had a nega-
tive association in normospermic obese patients. Nevertheless,
prospective longitudinal clinical trials with larger sample sizes
involving weight loss are needed to accurately understand the
relationship of reproductive hormones and semen parameters
with BMI in the same individual.
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