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Objective: To study the changes in semen parameters, gonadotropic and sex hormones, and serum leptin in obese
fertile and infertile oligozoospermic men.
Design: Prospective.
Setting: University hospital.
Patient(s): Forty-two obese fertile and 80 obese infertile oligozoospermic men (body mass index [BMI] >30).
Intervention(s): The BMI calculation, semen analysis, and serum FSH, LH, T, E2, PRL, and leptin estimation.
Main Outcome Measure(s): Semen and hormonal profiles.
Result(s): Obese oligozoospermic patients had significant increase in mean BMI, serum FSH, LH, E2, PRL, and
leptin compared with obese fertile controls. The BMI had significant positive correlation with abnormal sperm
morphology, LH, serum leptin and significant negative correlation with sperm concentration, sperm motility, serum
T. Serum leptin demonstrated significant positive correlation with patients’ age, abnormal sperm morphology, se-
rum FSH, LH, PRL and significant negative correlation with sperm concentration, sperm motility, and serum T.
Conclusion(s): Serum leptin mediates a link between obesity and male infertility. (Fertil Steril� 2010;94:581–4.
�2010 by American Society for Reproductive Medicine.)
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The interaction between obesity and fertility has received in-
creased attention owing to the rapid increase in the preva-
lence of obesity in the developed world (1). Male factor
infertility is associated with a higher incidence of obesity.
Obese men exhibit reduced androgen and sex hormone-bind-
ing globulin (SHBG) levels, elevated E2 levels and reduced
inhibin B correlating with the degree of obesity (2). Obesity
was shown to affect the GnRH–LH/FSH pulse that may im-
pair Leydig and Sertoli cell functions and interfere with the
release of sex hormones with consequent effect on sperm
maturation (3). This altered reproductive hormonal profile
suggests that the endocrine dysregulation in obese men could
explain increased risk of altered semen parameters (2).

Leptin, a key hormone in energy homeostasis and neuroen-
docrine function, has a permissive role in the pathogenesis of
reproductive dysfunction in several states of energy imbal-
ance (4). Leptin is the protein product of the Ob gene pro-
duced primarily by white adipose tissue such that its blood
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level correlates with body fat stores as a regulator of food in-
take and energy expenditure (5). The discovery that human
spermatozoa secrete leptin, the presence of both leptin recep-
tors on human spermatozoa and soluble leptin receptors in the
seminal plasma has opened a field of study in reproductive
biology (6, 7).

Jensen et al. (8) showed that, among overweight men,
24.4% had a total sperm count of<20 millions/mL compared
with 21.7% among men with normal weight. Furthermore,
they reported decreased inhibin B, sex hormone-binding
globulin (SHBG), T levels and increased E2 in overweight
men. Tena-Sempere et al. (9) suggested that leptin’s effect
on fertility may involve alterations in intracellular metabo-
lism or metabolic fuel at extra hypothalamic sites. In addi-
tion, Soyupek et al. (10) suggested leptin’s impact on the
gonadal function in two pathways, indirectly by the central
neuroendocrine system and directly through the peripheral
tissue membrane receptors.

This study aimed to study the changes in semen parame-
ters, gonadotropic and sex hormones, and serum leptin in
obese fertile and infertile men.
MATERIALS AND METHODS

A total of 122 obese males were recruited from Andrology
Department, University Hospital after Institutional Review
Board (IRB) approval. They were divided into
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TABLE 1
Clinical and laboratory data of studied obese groups (mean ± SD).

Obese fertile men (n [ 42) Obese infertile men (n [ 80)

Age (y) 29.79 � 1.1 29.35 � 0.9
Body mass index 31.21 � 0.39 33.49 � 0.43a

Sperm count (106/mL) 51.57 � 6.70 12.97 � 1.55a

Sperm motility (AþB) 57.50 � 1.41 13.25 � 0.79a

Sperm abnormal forms (%) 21.43 � 1.46 35.50 � 2.06a

Serum FSH (mIU/mL) 3.09 � 0.17 7.12 � 0.51a

Serum LH (mIU/mL) 4.19 � 0.45 9.96 � 0.90a

Serum T (ng/mL) 6.16 � 0.32 5.81 � 0.56a

Serum E2 (pg/mL) 16.38 � 0.40 18.07 � 0.27a

Serum PRL (ng/mL) 8.53 � 0.51 10.58 � 0.50a

Serum leptin (ng/mL) 7.93 � 0.05 12.36 � 0.17a

a Significant (P< .05).
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TABLE 2
Correlations between body mass index (BMI),
serum leptin, and different parameters (r, P).

BMI Serum leptin

Age (y) �0.083 (>.05) 0.306 (< .01a)
Sperm count �0.412 (< .01a) �0.283 (< .01a)
normozoospermic fertile men (n ¼ 42) and infertile patients
(n¼ 80). Inclusion criterion was body mass index (BMI)>30
according to Gnduz et al. (11). Exclusion criteria were azoo-
spermia, genital tract infections, associated varicocele,
chronic severe debilitating medical illness (cerebrovascular,
cardiovascular, hypertension, diabetes, hereditary hyperlip-
idemia, thromboembolic events), and use of systemic medi-
cation (steroids, antihyperlipidemics).

They were subjected to BMI calculation (weight in kilo-
grams per height in meter2).

Semen analysis was examined twice, 1 week apart, after 4
days of sexual abstinence according to World Health Organi-
zation (WHO) guidelines (12). Blood samples (5 mL) were
obtained at 8:00–10:00 AM; its centrifuged sera were pre-
served at -4�C. Serum FSH, LH, PRL levels were estimated
by the ELISA method (Diagnostics Systems Laboratories,
Webster, TX). Serum total T and E2 were estimated by
enzyme immunoassay (Diagnostics Systems Laboratories).
Blood samples for leptin estimation were drawn in the early
morning after an overnight fast and the serum was stored at
-80�C and measured later by the ELISA method (Diagnostics
Systems Laboratories).
Sperm motility �0.439 (< .01a) �0.265 (< .01a)
Sperm

abnormal
forms

0.049 (< .01a) 0.424 (< .001a)

Serum FSH 0.161 (>.05) 0.887 (< .001a)
Serum LH 0.328 (< .01a) 0.542 (< .001a)
Serum T �0.274 (< .01a) �0.342 (< .01a)
Serum E2 �0.05 (>.05) 0.077 (>.05)

a a
Statistical Analysis

The SPSS program, version 16.0.1 (SPSS Inc., Chicago, IL)
was used in statistical analysis. The data were expressed as
mean � SD and the differences were evaluated by unpaired
t-test. Relationships between values were studied by Spear-
man correlation test. P<.05 was set as statistically signifi-
cant.
Serum PRL 0.229 (< .01 ) 0.284 (< .01 )
Serum leptin 0.244 (< .01a)

a Significant.
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RESULTS

The data of the studied groups were represented in Table 1.
The mean BMI, as well as serum leptin levels, in obese infer-
582 Hofny et al. Semen and hormonal profiles in obese me
tile were significantly higher than in obese fertile men. The
BMI had significant positive correlation with abnormal
sperm morphology, LH, serum leptin, significant negative
correlation with sperm concentration, sperm motility, serum
T, and nonsignificant correlation with the patients’ age, se-
rum FSH, and E2. Serum leptin had significant correlation
with the patients’ age, abnormal sperm morphology, BMI, se-
rum FSH, LH, PRL, significant negative correlation with
sperm concentration, sperm motility, serum T, and nonsignif-
icant correlation with serum E2 (Table 2).
n Vol. 94, No. 2, July 2010



DISCUSSION

The present study showed that the mean BMI was inversely
correlated with sperm concentration, sperm motility, and
sperm normal morphology. Jensen et al. (8) reported higher
prevalence of oligozoospermia in overweight and obese
men than in normal weight men with a significant association
between sperm count and BMI. Koloszar et al. (13) demon-
strated decreased sperm count in obese normozoospermic
men compared with nonobese fertile subjects. Kort et al.
(14) reported a negative correlation between BMI and total
number of normal spermatozoa. Sallm�en et al. (15) showed
that overweight and obese men had reduced sperm motility
and increased sperm DNA fragmentation. Nguyen et al.
(16) reported that excess weight has been related directly or
indirectly to biologic changes that could reduce male fertility.

In addition, obesity was demonstrated to be associated
with a significant disturbance in the hormonal milieu, which
can affect the reproductive system. In the present study, the
BMI was positively correlated with serum LH and leptin
levels. Several reports showed that the accumulation of fatty
tissue in men was associated with decreased total, free T, and
increased E2 serum levels (17, 18). Zohdy et al. (19) reported
significant negative correlation between BMI and serum total
T. Zorn et al. (20) demonstrated a link between leptin and tes-
ticular function, independent of FSH and LH, possibly in-
volving T and SHBG through a regulation of Leydig cell
function. Goncharov et al. (21) concluded that there was
a negative relationship between serum T and leptin in obese
men. On the other hand, Jensen et al. (9) reported that BMI
had no effect on serum LH or FSH.

Implicating leptin’s role in regulating the male reproduc-
tive function, many studies reported the presence of leptin re-
ceptors in Leydig cells (22) and germ cells (23). Jope et al. (6)
illustrated the presence of a leptin receptor on intact sperm
plasma membrane, suggesting that it might have an impact
on the gonadal function indirectly by the central neuroendo-
crine system and directly through the peripheral tissue
membrane receptors. Ishikawa et al. (24) showed that sper-
matogenic dysfunction is associated with increased leptin
and leptin receptor expression in the testis. Aquila et al.
(7, 25) demonstrated that leptin increases PI3K activity and
AktS473 and GSK-3S9 phosphorylation in uncapacitated
spermatozoa, thereby modulating the availability of the
sperm’s energetic substrates during capacitation.

Serum leptin in obese infertile patients was significantly
higher than in obese fertile subjects and was positively cor-
related with patient’s age, serum FSH, LH, PRL, and in-
versely correlated with sperm concentration, sperm
motility, sperm normal forms, and serum T. Tena-Sempere
and Barreiro (26) suggested that leptin acts as a direct inhib-
itory signal for testicular steroidogenesis, which may be rel-
evant to explain the link between decreased T secretion and
hyperleptinemia in obese men. Yu et al. (27) correlated se-
rum leptin and pituitary hormones as having a potent effect
on the anterior pituitary in vitro, stimulating FSH and LH
Fertility and Sterility�
release within 36 hours of incubation and a pronounced
stimulation of PRL release at high leptin concentration.
Margetic et al. (28) showed that the increase of serum leptin
decreases T synthesis in Leydig cells, thereby inhibiting
sperm maturation. Suppression of Sertoli cell function
may also occur, as decreased inhibin B had been observed
in obese people (20).

Serum T level was negatively correlated with serum leptin,
being similar to other studies (29–32). Elevated serum leptin
in hypogonadal men (33, 34) and elderly men (35) was shown
to decrease during T replacement therapy. Giovambattista
et al. (36) suggested that leptin could affect both Leydig
and Sertoli cells in the testis, but its direct effect might be
only through Leydig cells. Ishikawa et al. (24) showed that
the ratio of leptin-immunostained germ cells to total germ
cells was inversely correlated with serum T, sperm concentra-
tion, and Johnsen’s score.

Adipose tissue is one of the tissues where conversion of an-
drogens to estrogens took place. In the present study, serum
leptin did not correlate with serum E2 levels. Paolisso et al.
(37) showed that in men, serum leptin is inversely correlated
with serum T only, whereas in women, serum leptin is posi-
tively correlated only with serum E.

It is concluded that male obesity can affect semen param-
eters partly mediated by leptin. Further research focusing on
the obesity impact on male infertility should be advocated to
elucidate their interrelationship.
REFERENCES
1. Pasquali R, Patton L, Gambineri A. Obesity and infertility. Curr Opin En-

docrinol Diabetes Obes 2007;14:482–7.

2. Hammoud AO, Gibson M, Peterson CM, Meikle AW, Carrell DT. Impact

of male obesity on infertility: a critical review of the current literature.

Fertil Steril 2008;90:897–904.

3. B�elanger C, Luu-The V, Dupont P, Tchernof A. Adipose tissue intracri-

nology: potential importance of local androgen/estrogen metabolism in

the regulation of adiposity. Horm Metab Res 2002;34:737–45.

4. Bl€uher S, Mantzoros CS. Leptin in reproduction. Curr Opin Endocrinol

Diabetes Obes 2007;14:458–64.

5. Prieur X, Tung YC, Griffin JL, Farooqi IS, O’Rahilly S, Coll AP. Leptin

regulates peripheral lipid metabolism primarily through central effects

on food intake. Endocrinology 2008;149:5432–9.

6. Jope T, Lammert A, Kratzsch J, Paasch U, Glander HJ. Leptin and leptin

receptor in human seminal plasma and in human spermatozoa. Int J An-

drol 2003;26:335–41.

7. Aquila S, Gentile M, Middea E, Catalano S, Morelli C, Pezzi V, et al.

Leptin secretion by human ejaculated spermatozoa. J Clin Endocrinol

Metab 2005;90:4753–61.

8. Jensen TK, Andersson AM, Jorgensen N, Andersen AG, Carlsen E,

Petersen JH. Body mass index in relation to semen quality and repro-

ductive hormones among 1,558 Danish men. Fertil Steril 2004;82:

863–70.

9. Tena-Sempere M, Pinilla L, Gonzalez LC, Dieguez C, Cazanueva FF,

Aguilar E. Leptin inhibits testosterone secretion from adult rat testis in

vitro. J Endocrinol 1999;161:211–8.

10. Soyupek S, Arma�gan A, Serel TA, Hosxcan MB, Perk H, Kara€oz E, et al.

Leptin expression in the testicular tissue of fertile and infertile men. Arch

Androl 2005;51:239–46.

11. Gnduz MI, Gumus BH, Sekuri C. Relationship between metabolic syn-

drome and erectile dysfunction. Asian J Androl 2004;6:355–8.
583



12. WHO. Laboratory manual for the examination of human semen and

sperm–cervical mucus interaction. 4th ed. Cambridge, UK: Cambridge

University Press, 1999.

13. Koloszar S, Daru J, Kereszturi A, Zavaczki Z, Szollosi J, Pal A. Effect of

female body weight on efficiency of donor AI. Arch Androl 2002;48:

323–7.

14. Kort HI, Massey JB, Elsner CW, Mitchell-Leef D, Shapiro DB, Witt MA.

Impact of body mass index values on sperm quantity and quality. J An-

drol 2006;27:450–2.

15. Sallm�en M, Sandler DP, Hoppin JA, Blair A, Baird DD. Reduced fertility

among overweight and obese men. Epidemiol 2006;17:520–3.

16. Nguyen R, Wilcox A, Skjaerven R, Baird DD. Men’s body mass index

and infertility. Hum Reprod 2007;22:2488–93.

17. Hanafy S, Halawa FA, Mostafa T, Mikhael NW, Khalil KT. Serum leptin

correlates in infertile oligozoospermic males. Andrologia 2007;39:177–80.

18. Pauli EM, Legro RS, Demers LM, Kunselman AR, Dodson WC, Lee PA.

Diminished paternity and gonadal function with increasing obesity in

men. Fertil Steril 2008;90:346–51.

19. Zohdy W, Kamal EE, Ibrahim Y. Androgen deficiency and abnormal pe-

nile duplex parameters in obese men with erectile dysfunction. J Sex

Med 2007;4:797–808.

20. Zorn B, Osredkar J, Meden-Vrtovec H, Majdic G. Leptin levels in infer-

tile male patients are correlated with inhibin B, testosterone and SHBG

but not with sperm characteristics. Int J Androl 2007;30:439–44.

21. Goncharov NP, Katsya GV, Chagina NA, Gooren LJ. Testosterone and

obesity in men under the age of 40 years. Andrologia 2009;41:76–83.

22. Caprio M, Isidori AM, Carta AR, Moretti C, Dufau ML, Fabbri A. Ex-

pression of functional leptin receptors in rodent Leydig cells. Endocri-

nology 1999;140. 4939–7.

23. El-Hefnawy T, Ioffe S, Dym M. Expression of the leptin receptor during

germ cell development in the mouse testis. Endocrinology 2000;141:

2624–30.

24. Ishikawa T, Fujioka H, Ishimura T, Takenaka A, Fujisawa M. Expression

of leptin and leptin receptor in the testis of fertile and infertile patients.

Andrologia 2007;39:22–7.

25. Aquila S, Gentile M, Middea E, Calatano S, Ando S. Autocrine regula-

tion of insulin secretion in human ejaculated spermatozoa. Endocrinol-

ogy 2005;146:552–7.
584 Hofny et al. Semen and hormonal profiles in obese me
26. Tena-Sempere M, Barreiro ML. Leptin in male reproduction: the testis

paradigm. Mol Cell Endocrinol 2002;188:9–13.

27. Yu WH, Kumura M, Walczewska A, Karanth S, McCann SM. Role of

leptin in hypothalamic–pituitary function. Proc Natl Acad Sci USA

1997;94:1023–8.

28. Margetic S, Gazzola C, Pegg GG, Hill RA. Leptin: a review of its periph-

eral actions and interactions. Int J Obes Relat Metab Disord 2002;26:

1407–33.

29. S€oderberg S, Olsson T, Eliasson M, Johnson O, Brismar K, Carlstr€om K,

et al. A strong association between biologically active testosterone and

leptin in non-obese men and women is lost with increasing (central) ad-

iposity. Int J Obes Relat Metab Disord 2001;25:98–105.

30. Giagulli VA, Kaufman JM, Vermeulen A. Pathogenesis of the decreased

androgen levels in obese men. J Clin Endocrinol Metab 1994;79:

97–1000.

31. Wabitsch M, Blum WF, Muche R. Contribution of androgens to the gen-

der difference in leptin production in obese children and adolescents.

J Clin Invest 1997;100:808–13.

32. Luukkaa V, Pesonen U, Huhtaniemi I. Inverse correlation between serum

testosterone and leptin in men. J Clin Endocrinol Metab 1998;47:

237–40.

33. Jockenhovel F, Blum WF, Vogel E, Englaro P, Muller-Wieland D,

Reinwein D, et al. Testosterone substitution normalizes elevated serum

leptin levels in hypogonadal men. J Clin Endocrinol Metab 1997;82:

2510–3.

34. Behre HM, Simoni M, Nieschlag E. Strong association between serum

levels of leptin and testosterone in men. Clin Endocrinol 1997;47:

237–40.

35. Sih R, Morley JE, Kaiser FE, Perry HM, Patrick P, Ross C. Testosterone

replacement in older hypogonadal men: a 12-month randomized con-

trolled trial. Clin Endocrinol Metab 1997;82:1661–7.

36. Giovambattista A, Suescun MO, Nessralla CC, Franca LR, Spinedi E,

Calandra RS. Modulatory effects of leptin on Leydig cell function of nor-

mal and hyperleptinemic rats. Neuroendocrinology 2003;78:270–9.

37. Paolisso G, Rizzo M, Mone C, Tagliamonte M, Gamberdella A,

Riondino M, et al. Plasma sex hormones are significantly associated

with plasma leptin concentration in healthy subjects. Clin Endocrinol

1998;48:291–7.
n Vol. 94, No. 2, July 2010


	Semen parameters and hormonal profile in obese fertile and infertile males
	Materials and methods
	Statistical Analysis

	Results
	Discussion
	References


