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study question: Is thyroid hormones (TH) evaluation of clinical value in the work-up of males of infertile couples?

study answer: Our results suggest that TH evaluation is not mandatory in the work-up of male infertility.

what is known already: A few previous studies performed on a limited series of subjects reported a negative impact of hyper- and
hypo-thyroidism on semen volume, sperm concentration, progressive motility and normal morphology. No previous study has systematically
evaluated associations between TH variation, semen parameters and ultrasound characteristics of the male genital tract.

study design, size and duration: Cross-sectional analysis of a consecutive series of 172 subjects seeking medical care for couple
infertility from September 2010 to November 2014.

participants/materials, setting, methods: Of the entire cohort, 163 men (age 38.9+8.0 years) free of genetic abnor-
malities were studied. All subjects underwent a complete andrological and physical examination, biochemical and hormonal assessment,
scrotal and transrectal colour-Doppler ultrasound (CDUS) and semen analysis (including seminal interleukin 8 levels, sIL-8) evaluation within
the same day.

main results and the role of chance: Among the patients studied, 145 (88.9%) showed euthyroidism, 6 (3.7%) subclinical
hyper- and 12 (7.4%) subclinical hypo-thyroidism. No subjects showed overt hyper- or hypo-thyroidism. At univariate analysis, no associations
among thyroid-stimulating hormone (TSH) or TH levels and sperm parameters were observed. Conversely, we observed positive associations
among free triiodothyronine (fT3) and free thyroxine (fT4) levels, ejaculate volume and seminal fructose levels. In a multivariate model, after
adjusting for confounders such as age, body mass index, smoking habit, sexual abstinence, calculated free testosterone, prolactin and sIL-8
levels, only the associations found for fT3 levels were confirmed. When CDUS features were investigated, using the same multivariate model,
we found positive associations between fT3 levels and seminal vesicles (SV) volume, both before and after ejaculation (adj. r ¼ 0.354 and adj.
r ¼ 0.318, both P , 0.0001), as well as with SV emptying (DSV volume; adj. r ¼ 0.346, P , 0.0001) and echo-texture inhomogeneity. In addition,
after adjusting for confounders, negative associations between fT4 levels and epididymal body and tail diameters were found. No significant asso-
ciations between TSH or TH levels and CDUS features of other organs of the male genital tract, including testis and prostate, were found. Finally,
when the features of subjects with euthyroidism, subclinical hypo- and hyper-thyroidism were compared, no significant differences in seminal or
hormonal parameters were found. Conversely, evaluating CDUS parameters, subjects with subclinical hyperthyroidism showed a higher differ-
ence between the SV longitudinal diameters measured before and after ejaculation when compared with that of subclinical hypothyroid men, even
after adjusting for confounders (P , 0.007). All the other male genital tract CDUS characteristics did not differ among groups.

limitations, reasons for caution: First, the number of patients investigated is relatively small and those with (subclinical) thyroid
dysfunctions are an even smaller number; hence, it is therefore difficult to draw firm conclusions. Moreover, the present results are derived from
patients consulting an Italian Andrology Clinic for couple infertility, and could have different characteristics from the male general population or
from those males consulting general practitioners for reasons other than couple infertility. Finally, due to the cross-sectional nature of the study,
neither a causality hypothesis nor mechanistic models can be inferred.

wider implications of the findings: Although no associations between TH and sperm parameters were observed, present data
support a positive effect of TH on SV size and a permissive role on the ejaculatory machinery, likely through an action on SV and epididymal
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contractility. This is the first study reporting such evidence. However, in contrast with the view that TH assessment is important for female fertility,
our results do not support a systematic evaluation of thyroid function in males of infertile couples. How TH abnormalities impact male fertility
needs to be addressed by further studies.

study funding/competing interest(s): No funding was received for the study. None of the authors have any conflict of inter-
est to declare.
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Introduction
Thyroid diseases are the most common endocrine conditions affecting
women of reproductive age (Jefferys et al., 2015). Hyperthyroidism is
found in 2.3% of women presenting with fertility problems (Poppe
et al., 2002; Jefferys et al., 2015), hypothyroidism in about 2–4% of
women of reproductive age (Wang and Crapo, 1997; Jefferys et al.,
2015), whereas subclinical hypothyroidism is found in up to 11% of
those with ovulation disorders (Strickland et al., 1990). Changes in
thyroid function negatively impact female reproductive health before,
during and after conception (Jefferys et al., 2015). Accordingly, both
hypo- and hyper-thyroidism have been associated with menstrual distur-
bances (Krassas et al., 1994; Kakuno et al., 2010; Jefferys et al., 2015). In
addition, thyroid diseases have long been considered as a risk factor for
miscarriage (Anselmo et al., 2004; Thangaratinam et al., 2011; van den
Boogard et al., 2011; Carp et al., 2012; Twig et al., 2012; Jefferys et al.,
2015). Finally, thyroid diseases can also exert adverse effects on preg-
nancy outcomes and perinatal mortality (van den Boogard et al., 2011;
Cignini et al., 2012; Khandelwal and Tandon, 2012). Hence, according
to a recent review (Jefferys et al., 2015) - also supported by the Royal
College of Obstetricians & Gynecologists (https://www.rcog.org.uk/
en/news/) - the screening for thyroid disease is suggested in women pre-
senting with fertility problems, recurrent pregnancy loss and at the begin-
ning of any pregnancy.

In contrast with the view that thyroid hormones (TH) are important
for female fertility, their impact on male reproductive function is largely
unknown and scarcely addressed (see, for review, Krassas et al.,
2010). This may be due to the lower prevalence of thyroid dysfunctions
in the male (Vanderpump et al., 1995; Hollowell et al., 2002; Krassas and
Perros, 2003) and/or to their lower clinical impact on reproductive func-
tion compared with their well-known systemic effects (Krassas et al.,
2010). The relationship between thyroid function and spermatogenesis
in adult men and how TH act on testicular function is still controversial
(see, for review, Rajender et al., 2011). Previous studies reported a nega-
tive impact of hypo- and hyper-thyroidism on conventional semen para-
meters (see, for review, Jannini et al., 1995; Krassas et al., 2010; Rajender
et al., 2011; Krajewska-Kulak and Sengupta, 2013). In particular, a nega-
tive association between hyperthyroidism and sperm count (Clyde et al.,
1976; Kidd et al., 1979; Hudson and Edwards, 1992; Krassas et al., 2002)
and motility (Clyde et al., 1976; Hudson and Edwards, 1992; Krassas and
Perros, 2003) has been reported. On the other hand, hypothyroidism
has been shown to negatively affect sperm motility (Corrales Hernandez
et al., 1990; Krassas et al., 2008), morphology (Krassas et al., 2008) and
ejaculate volume (Corrales Hernandez et al., 1990). In addition, upon ap-
propriate therapy of hyper- (Clyde et al., 1976; Hudson and Edwards,
1992; Krassas et al., 2002, 2003) or hypo-thyroidism (Corrales Hernan-
dez et al., 1990; Krassas et al., 2008), correction of semen abnormalities

has been also reported. TH-induced changes in sex hormone-binding
globulin (SHBG) and sex steroid levels were advocated to justify these
results (see Krajewska-Kulak and Sengupta, 2013). However, it should
be noted that available studies focusingonthyroid functionand male fertility
have been performed on a limited series of subjects, ranging from 3 to 35
patients (see, for review, Krassas et al., 2010; Rajender et al., 2011). In add-
ition, the primary aim of the aforementioned studies was to investigate
semen parameters in men with thyroid dysfunctions,whereas it is presently
unknown whether TH levels are altered in men seeking medical care for in-
fertilityandwhetherTHvariationsarerelatedtosemenand/ormalegenital
tract characteristics. The key question of whether or not TH should be
assessed in male infertility work-up presently remains unanswered.

The primary aim of this study was to evaluate associations between
thyroid-stimulating hormone (TSH), free triiodothyronine (fT3), free
thyroxine (fT4) and clinical, seminal and male genital tract ultrasound
characteristics in men attending an Andrology Clinic for couple infertility.
The secondary aim was to assess the prevalence of thyroid dysfunctions
in a cohort of males of infertile couples and to investigate differences in
the fertility-related parameters comparing subjects with normal and ab-
normal thyroid function.

Materials and Methods

Ethical approval
The data reported in this study have been collected during routine clinical proce-
duresaccording toa ‘DayService’ standardprotocol formalesof infertilecouples,
encoded by PACC L-99 (D/903/110 Azienda Ospedaliera-Universitaria
Careggi [AOUC], Florence, Italy) and approved by the Regional Health
Care Service (§ DGRT n. 1045; § DGRT n. 722; § DGRT n. 867) as previously
described (see Lotti et al., 2014a). In addition, at the time of the first visit, all
patients gave their written informed consent to have their clinical records
included in a dedicated database and they were aware that their data, after
having been made anonymous, would be used for clinical research purposes.

Patients
We studied a consecutive series of 172 male patients (mean age 38.4+7.7
years, range 18–59) attending our Outpatient Clinic for the first time from
September 2010 to November 2014, seeking medical care for couple infer-
tility. Couple infertility was defined as the inability of a sexually active couple
to achieve pregnancy despite unprotected intercourse for a period .12
months, according to the World Health Organization (WHO, 2000). Sub-
jects with karyotype abnormalities (n ¼ 2), chromosome Y micro-deletions
(n ¼ 1) or the absence of at least one vas deferens and/orone seminal vesicle
(n ¼ 6) were excluded from the analysis.

All patients were evaluated before beginning any treatment. According
to the PACC L-99 protocol, all patients underwent, within the same day,
the following routine procedures: a complete andrological and physical
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examination, biochemical and hormonal assessment, scrotal and transrectal
colour-Doppler ultrasound (CDUS) evaluation and semen analysis.

Andrological and physical examination
A complete andrological examination was performed according to previous
reports (see Krausz, 2011; Lotti and Maggi, 2015).

Physical examination included measurement of blood pressure (mean of
three measurements 5 min apart, in sitting position, with a standard sphyg-
momanometer), height, weight and waist circumference. Weight and
height were used to calculate body mass index (BMI, kg/m2).

Quantification of smoking
Self-reported data on smoking habits were collected using a structured inter-
view. Smoking habit duration, measured in years, as well as the total number
of cigarettes smoked per day were assessed. Pack-years of smoking were cal-
culated by multiplying the number of packs smoked per day (1 pack ¼ 20 cigar-
ettes) by the numberof years smoked(Bernaards etal., 2001; Lotti etal., 2015).

Colour-Doppler ultrasound
All patients underwent scrotal and transrectal CDUS (see Lotti and Maggi,
2015), performed before and after ejaculation, during the same CDUS
session, using the ultrasonographic console Hitachi H21 (Hitachi Medical
System, Tokyo, Japan).

Prostate and seminal vesicles (SV) were studied by scanning the organs at
5 mm intervals in various longitudinal, transverse and oblique scans, accord-
ing to previous studies (Lotti et al., 2014a, b), using a transrectal biplanar
probe (linear transducer U533L 7.5 MHz; convex transducer U533C
6.5 MHz), which is more sensitive for the detection of prostatic features,
and an ‘end fire’ probe (V53W 6.5 MHz, field of view 508–2008) to better
investigate SV (Lotti et al., 2012a). Prostate volume was measured using
the planimetric method as previously reported (see Lotti et al., 2014b). Pros-
tate and SV CDUS features were defined as previously reported (see Lotti
and Maggi, 2015). In particular, prostate echogenicity and hyperaemia
were defined according to previous studies (see, for review, Lotti and
Maggi, 2015). Prostate vascularization and arterial prostatic peak systolic vel-
ocity were evaluated before ejaculation, in order to avoid post-ejaculatory
changes in vascular flow pattern as previously reported (Lotti et al., 2014a;
see Lotti and Maggi, 2015). SV longitudinal and anterior–posterior diameters
were measured, both before and after ejaculation. ‘SV volume’ was
calculated using the ‘ellipsoid/prolate (d1 . d2 ¼ d3) spheroid’ formula
(d1*d2*d3*4/3*p, considering d1 ¼ 1

2 maximum longitudinal diameter of
the SV and both d2 and d3 ¼ 1

2 anterior–posterior maximum diameter),
according to previous studies (Lotti et al., 2012a, 2013a, 2015). SV total
volume, both before and after ejaculation, was calculated as ‘right SV
volume + left SV volume’. SVemptying with ejaculation wasestimated by cal-
culating ‘SV total volume before ejaculation 2 SV total volume after ejacula-
tion’, and defined as ‘D SV volume’. SV echo-texture features were defined
according to previous studies (see Lotti and Maggi, 2015).

Scrotal CDUS was performed systematically in various longitudinal, trans-
verse and oblique scans, according to previous studies (Lotti et al., 2012b,
2013b) using a 7.5 MHz high-frequency linear probe (L54M 6–13 MHz).
Testis, epididymis, vas deferens and venous plexus CDUS features were eval-
uated after ejaculation and defined as previously reported (Lotti et al., 2012b,
2013b; Lotti and Maggi, 2015).

Semen analysis, determination of seminal
interleukin 8 and semen fructose levels
All patients underwent, during the same ultrasound session, semen analysis,
performed according to the WHO criteria (2010). Semen samples were

obtained by masturbation following a period of 2–7 days of sexual abstin-
ence. Patients were asked to report days of sexual abstinence.

Fructose concentration (mg/ml) was measured in seminal fluid after cen-
trifugation at 500g for 10 min. The samples were purified with zinc sulphate
and sodium hydroxide after reacting with alcoholic resorcinol and 30% HCl
for 15 min at 908C (Jequier and Crich, 1986). ‘Seminal fructose levels’
were calculated by multiplying seminal fructose concentration (mg/ml) *
ejaculate volume.

Furthermore, a quantification of seminal interleukin 8 (sIL-8), a reliable sur-
rogate marker of male genital tract inflammation (see Lotti and Maggi, 2013)
was performed. Seminal plasma aliquots were stored frozen to quantify sIL-8
levels. sIL-8 was quantified by conventional two-site enzyme-linked immuno-
sorbent assay (ELISA) using a human IL-8 ELISA set (BD Biosciences, San
Diego, CA, USA) according to the manufacturer’s instructions (Penna
et al., 2007). Each seminal plasma sample was diluted from 1:5 to 1:625.
Assay sensitivity for sIL-8 was ,1 pg/ml.

Biochemical evaluation
Blood samples were drawn in the morning, after an overnight fast, for deter-
mination of total testosterone (assay sensitivity: 0.35 nmol/l), LH (assay sen-
sitivity: 0.2 IU/l), FSH (assay sensitivity: 0.2 IU/l), prolactin (PRL; assay
sensitivity: 4.24 mU/l), TSH (assay sensitivity: 0.005 mU/l), fT3 (assay sen-
sitivity: 0.77 pmol/l), fT4 (assay sensitivity: 1.3 pmol/l) and prostate-specific
antigen (PSA; assay sensitivity: 0.03 ng/ml) by electrochemiluminescent
method (Modular Roche, Milan, Italy), SHBG (assay sensitivity: 0.35 nmol/l)
by modular E170 platform electrochemiluminescence immunoassay (Roche
Diagnostics, Mannheim, Germany), blood glucose (by glucose oxidase
method; Aeroset Abbott, Rome, Italy; assay sensitivity: 0.06 mmol/l),
total cholesterol (assay sensitivity: 1.29 mmol/l), high-density lipoprotein
cholesterol (assay sensitivity: 0.08 mmol/l) and triglycerides (by automated
enzymatic colorimetric method, Aeroset Abbott, Rome, Italy; assay sensitiv-
ity: 0.02 mmol/l). Calculated free testosterone was derived according
to Vermeulen’s formula (available at http://www.issam.ch/freetesto.htm;
Vermeulen et al., 1999).

Definition of thyroid dysfunctions
The reference ranges of TSH, fT4 and fT3 of the Florence Central Lab were
0.4–4.0 mU/l, 11.5–21.0 pmol/l and 3.5–6.4 pmol/l, respectively,
according to previous studies (Corona et al., 2012a; Maseroli et al., 2015).
Subclinical hypothyroidism was defined as TSH levels between 4.5 and
10.0 mU/l and TH levels within the normal range, and subclinical hyperthy-
roidism as TSH , 0.4 mU/l and TH levels within the normal range, accord-
ing to the Consensus Statement of the American Association of Clinical
Endocrinologists, the American Thyroid Association and the Endocrine
Society (Gharib et al., 2005). Overt hypothyroidism was defined as TSH .

10 mU/l and fT4 , 11.5 pmol/l, and overt hyperthyroidism was defined
as TSH , 0.1 mU/l and fT4 . 21 pmol/l.

Statistical analysis
Data were expressed as mean+ SD when normally distributed, as medians
(quartiles) for parameters with non-normal distribution, and as percentages
when categorical. Correlations were assessed using Spearman’s or Pearson’s
method whenever appropriate. Stepwise multiple linear or logistic binary
regressions were applied for multivariate analyses whenever appropriate.
When distribution of non-normal parameters could be normalized through
logarithmic transformation, as in the case of TSH, sperm concentration
and total count, progressive motility and normal morphology, SV total
volume before and after ejaculation, DSV volume, PRL and sIL-8, the same
tests were applied to logarithmically transformed data. For continuous
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parameters, comparison among more than two groups was performed
with Kruskal–Wallis test. When significant differences among groups
were found overall, Mann–Whitney U-test and analysis of covariance
(ANCOVA) was used for comparisons between two groups, in a univariate
and multivariate setting, respectively. When performing Mann–Whitney
U-test or ANCOVA, Bonferroni correction was applied, considering as sig-
nificant a P-value of ,0.017 (0.05/3, since comparison of three groups
was performed at Kruskal–Wallis test). Relative risk and 95% confidence
interval were calculated for the association of categorical parameters, and
x2 test was used for comparisons.

To evaluate if the observed prevalence of subclinical hypo- and hyper-
thyroidism in our cohort was significantly different from that expected in
the general population, z-test for one proportion was performed, by using
as the ‘null hypothesis value’ the frequency of subclinical thyroid diseases
derived from the NHANES III study (Hollowell et al., 2002).

Since prostate and SV characteristics (Parsons et al., 2006, 2013 for pros-
tate; Kim et al., 2009 and Lotti et al., 2012a for SV), as well as semen quality
(see Zitzmann, 2013 and Smith and Walker, 2014), are related to age
and testosterone levels, data have been adjusted for age and calculated
free testosterone, unless otherwise specified. Furthermore, since BMI
affects testosterone levels (Corona et al., 2013), ultrasound characteristics
of male genital tract organs (Lotti et al., 2013b, 2014a), and may influence
seminal quality (MacDonald et al., 2010; Sermondade et al., 2013), data
have been adjusted also for BMI, unless otherwise specified. Since ejaculate
(see WHO, 2010 and Lotti et al., 2012a, 2013a, 2015) and SV (see Lotti
et al., 2012a, 2013a, 2015) volume are affected by duration of sexual
abstinence, PRL levels and smoking habit (pack-years of smoking), these
confounders have also been included in the multivariate analyses, when
specified. Finally, since inflammation affects male genital tract ultrasound
characteristics, sIL-8 levels, a surrogate marker of male genital tract inflam-
mation (see Lotti and Maggi, 2013), were included as a confounder in multi-
variate analyses.

All statistical analysis was performed on SPSS (Statistical Package for the
Social Sciences, Chicago, USA) for Windows 20.0. A P-value of ,0.05 was
considered as significant, unless otherwise specified.

Results
Among the patients studied (n ¼ 163, mean age 38.9+8.0 years), 145
(88.9%) showed euthyroidism, 6 (3.7%) subclinical hyperthyroidism
(TSH , 0.4 mU/l and normal TH levels) and 12 (7.4%) subclinical hypo-
thyroidism (TSH between 4.5 and 10.0 mU/l and normal TH levels),
while no subjects showed overt hyper- or hypo-thyroidism. At z-test
for one proportion, using the prevalence of subclinical hypo- and hyper-
thyroidism observed in the general male population in the NHANES III
study (3.4 and 1.8%, respectively) as the ‘null hypothesis value’, we
found that, in our cohort, the frequency of subclinical hyper-thyroidism
was not significantly different from what was expected (P ¼ 0.07). Con-
versely, the prevalence of subclinical hypo-thyroidism was higher than
expected (P ¼ 0.005).

Table I reports the clinical, biochemical and seminal parameters and
Table II the CDUS characteristics of the whole sample and of euthyroid,
subclinical hyper- and hypo-thyroid subjects.

1) Associations among TSH, fT3, fT4 levels
and clinical characteristics
In the whole sample, fT4 levels showed a negative association with age
and BMI (r ¼ 20.178, P ¼ 0.023 and r ¼ 20.166, P ¼ 0.034, respect-
ively) and fT3 with waist circumference and BMI (r ¼ 20.210, P ¼ 0.007

and r ¼ 20.234, P ¼ 0.003, respectively). Hence, all the following ana-
lyses were adjusted for age and BMI. No association of TSH with the
aforementioned parameters was observed (not shown). In addition,
we found no association of the three hormones with other clinical para-
meters, including mean testis volume, as assessed by Prader orchid-
ometer (not shown).

TSH levels were positively associated with PRL levels (r ¼ 0.212,
P ¼ 0.007), whereas fT4 levels were related to total and calculated
free testosterone (r ¼ 0.178, P ¼ 0.024 and r ¼ 0.181, P ¼ 0.022, re-
spectively). After adjusting for age and BMI, only the former association
was confirmed (adj. r ¼ 0.253, P , 0.0001). No other correlations
between the three hormones and other biochemical parameters (lipid
and glucose profile, PSA) were observed (not shown).

2) Associations among TSH, fT3, fT4
and seminal parameters
Table III shows correlations between circulating TSH, fT3 and fT4
levels and standard semen parameters obtained on the same
morning, as observed in the whole sample. At univariate analysis, we
observed positive associations among fT3 and fT4 levels, seminal
volume and seminal fructose levels (Table III and Fig. 1). In a multivari-
ate model, after adjusting for age, BMI and other confounders such as
smoking habit (pack-years), sexual abstinence (days), calculated free
testosterone, PRL and sIL-8 levels, only the associations for fT3
were confirmed (Table III). TSH levels were also positively associated
with seminal fructose levels, but this relationship was not confirmed in
the fully adjusted model (Table III). Conversely, no associations among
TSH, fT3 or fT4 levels and sperm parameters or sIL-8 levels were
observed (Table III).

3) Associations between TSH, fT3, fT4 levels
and male genital tract CDUS features
In the whole sample, at univariate analysis, we found positive associa-
tions between fT3 levels and SV total volume, both before and after
ejaculation, as well as with their emptying (DSV volume) (Table III and
Fig. 2A–C). Similar associations were observed when TSH was consid-
ered (Table III). After adjusting for confounders, all the aforementioned
associations were confirmed (Table III). Finally, when both TSH and fT3
levels were included in a fully adjusted, multivariate model, only the asso-
ciations between fT3 levels and SV ultrasound parameters were con-
firmed (adj. r ¼ 0.331, P , 0.0001, adj. r ¼ 0.297, P ¼ 0.001 and adj.
r ¼ 0.314, P , 0.0001, for SV total volume before and after ejaculation
andDSV volume, respectively). In addition, the risk of SV inhomogeneity
was positively associated with fT3 levels, both before and after ejacula-
tion (Table III), and confirmed in a confounders-adjusted binary logistic
model (Table III).

At univariate analysis, when relationships among TSH, fT3, fT4 and
CDUS features of the testis, pampiniform plexus and prostate gland
were evaluated in the whole sample and in subjects with euthyroidism,
subclinical hypo- and hyper-thyroidism, no significant associations
were found (not shown). Conversely, considering the entire cohort,
we observed negative associations between fT4 levels and epididymal
body and tail diameters, as well as with deferential diameters (Table III).
After adjusting for the aforementioned confounders, the associations
between fT4 levels and epididymal body and tail diameters were con-
firmed (Table III).
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4) Associations and comparison of subjects
with euthyroidism, subclinical hypo- and
hyper-thyroidism
Supplementary data, Tables SI and SII describe the aforementioned rela-
tionships (see paragraphs 1–3) with seminal and ultrasound parameters,
respectively, after categorizing patients according to their thyroid status.

By stratifying patients in euthyroidism, subclinical hyper- and hypo-
thyroidism, we were able to confirm associations only in the euthyroid
cohort, most probably due to the reduced representation of the patho-
logical groups (Supplementary data, Tables SI and SII).

When features of subjects with euthyroidism, subclinical hypo-
and hyper-thyroidism were compared, at Kruskal–Wallis analysis only
a significant difference in TSH levels was found, while no significant

.............................................................................................................................................................................................

Table I Clinical characteristics of the whole sample and of euthyroid, subclinical hyper- and hypo-thyroid subjects.

All patients (n 5 163) Euthyroid
(n 5 145)

Subclinical hypothyroid
(n 5 12)

Subclinical hyperthyroid
(n 5 6)

Clinical and laboratory parameters

Age (years) 38.9+8.0 38.9+8.4 39.1+5.5 38.6+3.9

Pack-years of smoking 6.4+3.8 6.5+3.3 5.9+3.2 6.2+3.4

Systolic BP (mmHg) 125.7+17.6 126.8+15.6 112.1+31.6 133.0+16.4

Diastolic BP (mmHg) 79.2+9.8 79.5+9.8 74.2+7.6 85.0+9.4

BMI (kg/m2) 27.9+6.3 28.0+6.4 25.5+3.6 31.1+8.6

Waist (cm) 99.5+16.6 99.7+16.4 92.6+9.6 111.7+28.9

Glycaemia (mmol/l) 5.06+0.67 5.06+0.67 4.89+0.33 5.11+2.00

Total cholesterol (mmol/l) 5.01+0.94 5.01+0.95 5.03+1.06 5.29+0.71

HDL cholesterol (mmol/l) 1.25+0.32 1.25+0.32 1.16+0.26 1.45+0.48

LDL cholesterol (mmol/l) 3.05+0.83 3.03+0.82 3.17+0.98 3.19+0.86

Triglycerides (mmol/l) 1.32 [0.91–2.03] 1.30 [0.91–2.01] 1.38 [0.96–2.18] 1.47 [0.62–2.18]

FSH (IU/l) 5.00 [3.00–7.30] 4.80 [3.00–7.30] 6.00 [3.43–8.65] 6.25 [1.59–6.83]

LH (IU/l) 3.47 [2.32–4.73] 3.54 [2.03–5.01] 3.54 [2.03–5.07] 3.02 [0.98–4.62]

PRL (mU/l) 182 [127–228] 179 [125–227] 202 [150–214] 248 [59–302]

TSH (mU/l) 1.92 [1.27–2.60] 1.91 [1.28–2.53]’ 5.65 [4.84–6.89]’ 0.05 [0.01–0.19]’

fT3 (pmol/l) 5.17+0.75 5.18+0.74 5.46+0.80 4.42+0.75

fT4 (pmol/l) 13.48+2.55 13.34+2.40 13.74+3.22 16.64+3.80

Total testosterone (nmol/l) 13.4+5.7 13.2+5.1 12.6+4.8 18.9+15.6

SHBG (nmol/l) 30.9+14.1 30.3+13.9 31.8+7.9 43.2+25.6

Calculated free testosterone (nmol/l) 0.285+0.104 0.285+0.101 0.265+0.113 0.320+0.173

PSA 0.66 [0.40–0.96] 0.66 [0.51–0.95] 0.75 [0.33–1.16] 0.49 [0.42–0.91]

Mean testis volume (Prader) (ml) 19.0+5.0 19.0+5.0 19.3+4.5 16.6+7.0

Seminal parameters

Sexual abstinence (days) 4.3+2.0 4.2+2.0 4.9+2.0 4.2+0.8

pH 7.6+0.3 7.6+0.3 7.6+0.2 7.6+0.3

Semen volume (ml) 3.6+1.7 3.5+1.7 3.1+1.2 3.7+1.9

Sperm concentration, *106/ml 12.3 [3.0–47.0] 13.5 [3.5–48.8] 5.8 [0.0–39.5] 7.4 [0.25–26.7]

Sperm total count, *106/ejaculate 44.1 [8.5–145.7] 44.8 [10.2–151.2] 35.3 [0.0–157.2] 31.8 [1.0–100.1]

Sperm progressive motility, % 42.0 [19.0–54.5] 41.0 [18.5–55.0] 38.5 [32.0–55.8] 43.0 [16.8–52.0]

Sperm morphology, % normal forms 3.0 [1.0–6.0] 3.0 [1.0–6.0] 3.0 [2.0–11.8] 2.0 [0.0–6.2]

Seminal interleukin-8 (ng/ml) 3.99 [2.11–7.17] 4.03 [2.00–7.23] 3.59 [2.56–19.80] 4.44 [2.22–5.39]

Seminal fructose (mg/ejaculate) 7.4 [4.8–11.5] 8.1 [4.8–11.8] 5.5 [4.6–10.0] 10.48 [5.40–18.03]

History of infertility

Duration of infertility (years) 1.3 [1.0–3.0] 1.5 [1.0–3.0] 1.2 [1.0–3.3] 1.4 [1.0–2.8]

Female partner age (years) 34.8+7.7 34.7+7.9 37.4+5.8 32.8+5.0

Data are expressed as mean+ SD or as median (quartiles) when appropriate, and as percentages when categorical. A comparison of the parameters detected in euthyroid, subclinical
hyper- and hypo-thyroid subjects has been performed using Kruskal–Wallis analysis.
’P , 0.0001 at Kruskal–Wallis analysis.
BP, blood pressure; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FSH, follicle stimulating hormone; LH, luteinizing hormone; PRL, prolactin;
TSH, thyroid-stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; SHBG, sex hormone-binding globulin; PSA, prostate-related antigen.
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differences in hormonal or seminal parameters, including seminal volume
or fructose, were observed (Table I). Among the CDUS parameters
evaluated, only the difference between the SV longitudinal diameters
measured before and after ejaculation (DSV longitudinal diameters)
resulted as being different among groups (P ¼ 0.011; Table II). Mann–

Whitney analysis with Bonferroni correction showed a higher reduction
of SV longitudinal diameters with ejaculation in subjects with subclinical
hyperthyroidism, with respect to those with subclinical hypothyroidism
(P ¼ 0.008) or to the rest of the sample (P ¼ 0.007) (Fig. 2D).
At ANCOVA analysis, with Bonferroni correction, after adjusting for

.............................................................................................................................................................................................

Table II CDUS characteristics of the whole sample and of subclinical euthyroid, hyper- and hypo-thyroid subjects.

All patients
(n 5 163)

Euthyroid
(n 5 145)

Subclinical hypothyroid
(n 5 12)

Subclinical hyperthyroid
(n 5 6)

CDUS parameters

Testis

Mean testis volume (ml) 15.3+5.0 15.4+5.0 14.9+5.0 13.5+8.3

Testicular inhomogeneity (%) 47.7 57.9 50.0 83.3

Testicular microcalcifications (%) 11.7 12.4 8.3 0.0

Epididymis and vas deferens

Mean size of the head (mm) 9.6+1.6 9.6+1.6 9.5+1.1 9.2+1.9

Mean size of the body (mm) 4.0+0.9 4.0+0.9 4.0+1.3 3.6+0.6

Mean size of the tail (mm) 5.0+1.1 5.0+1.1 4.8+1.8 4.2+0.9

Mean size of the vas deferens (mm) 3.7+0.8 3.7+0.8 3.4+0.5 3.7+4.3

Inhomogeneous head (%) 49.9 70.3 58.3 83.0

Inhomogeneous tail (%) 43.6 45.5 25.0 49.8

Hypoechoic tail (%) 4.9 5.5 0.0 0.0

Hyperechoic tail (%) 5.5 6.2 0.0 0.0

Coarse tail calcifications (%) 1.8 2.1 0.0 0.0

Hyperaemia (%) 1.2 1.4 0.0 0.0

Varicocele (%)a 23.3 15.2 16.7 16.7

Prostate

Prostate volume (ml) 27.1+8.7 27.4+8.6 24.4+9.5 27.8+9.7

Prostate calcifications (%) 51.5 51.0 50.0 66.8

Prostate macro-calcifications (%)b 38.3 41.1 33.3 66.8

Major calcification size (mm) 9.0 [5.7–13.9] 8.5 [5.3–13.8] 13.2 [7.4–18.8] 5.0 [4.0–10.5]

Inhomogeneous prostatic texture (%) 66.3 64.8 63.3 66.6

Hypoechoic prostatic texture (%) 6.2 6.9 16.7 33.4

Hyperechoic prostatic texture (%) 12.6 12.1 16.7 33.4

Prostatic hyperaemia (%) 16.0 14.6 25.0 33.4

Mean arterial peak systolic velocity (cm/s) 9.9+3.2 9.9+3.3 9.8+3.7 10.1+2.9

Mean prostatic venous plexus (mm) 4.1+1.6 4.4+1.8 4.0+2.3 4.2+0.9

Ejaculatory duct dilation (%) 3.1 3.4 0.0 0.0

SV

Total volume before ejaculation (ml)c 9.5 [5.9–17.1] 9.7 [5.8–17.1] 11.3 [6.7–17.4] 4.4 [2.6–18.8]

Total volume after ejaculation (ml)c 6.4 [3.7–10.9] 6.5 [3.7–10.9] 6.5 [4.1–22.2] 3.1 [1.3–6.3]

DSV (ml)d 3.1 [1.4–5.2] 3.2 [1.4–5.2] 2.7 [2.1–11.8] 1.2 [0.8–3.1]

DSV both longitudinal diameters (mm) 5.3 [2.9–7.9] 5.1 [3.0–7.8]’ 4.1 [1.3–7.0]’ 12 [7.8–14.1]’

DSV both anterior–posterior diameters (mm) 3.9 [2.1–6.3] 3.9 [2.2–6.3] 4.1 [2.5–8.1] 2.9 [1.5–4.7]

Data are expressed as mean+ SD or as median (quartiles) when appropriate, and as percentages when categorical. A comparison of the parameters detected in euthyroid, subclinical
hyper- and hypothyroid subjects has been performed using Kruskal–Wallis analysis for continuous variables and x2 test for categorical parameters.
’P , 0.02 at Kruskal–Wallis analysis.
aEchographic defined severe varicocele ¼ basal venous reflux increasing after Valsalva’s manoeuvre at CDUS (according to Lotti and Maggi, 2015).
bCalcifications with size .3 mm (according to Lotti and Maggi, 2015).
cCalculated using the ‘ellipsoid/prolate (d1 . d2 ¼ d3) spheroid’ formula (d1*d2*d3*4/3*p, considering d1 ¼ 1

2 maximum longitudinal diameter of the SV and both d2 and d3 ¼ 1
2

anterior–posterior maximum diameter) (according to Lotti et al., 2012a).
dCalculated as (pre-ejaculatory total volume 2 post-ejaculatory total volume).
CDUS, colour-Doppler ultrasound; SV, seminal vesicles.
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Table III Associations among TSH, fT3, fT4 levels and seminal parameters or significant ultrasound features of the organs of the male genital tract in the whole
sample.

TSH (mU/l) fT3 (pmol/l) fT4 (pmol/l)

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

Seminal parameters

Semen volume (ml) r ¼ 0.070, P ¼ 0.377 — r 5 0.163, P 5 0.028 Adj. r 5 0.167, P 5 0.041 r 5 0.178, P 5 0.024 r ¼ 0.081, P ¼ 0.319

pH r ¼ 20.001, P ¼ 0.991 — r ¼ 20.001, P ¼ 0.991 — r ¼ 20.012, P ¼ 0.875 —

Seminal fructose levels (mg/ejaculate) r 5 0.201, P 5 0.034 r ¼ 0.167, P ¼ 0.189 r 5 0.215, P 5 0.023 Adj. r 5 0.241, P 5 0.021 r 5 0.198, P 5 0.036 r ¼ 0.181, P ¼ 0.093

Sperm concentration, ×106/ml r ¼ 0.017, P ¼ 0.830 — r ¼ 20.079, P ¼ 0.316 — r ¼ 20.099, P ¼ 0.208 —

Sperm total count, ×106/ejaculate r ¼ 0.031, P ¼ 0.699 — r ¼ 20.037, P ¼ 0.641 — r ¼ 20.028, P ¼ 0.722 —

Sperm progressive motility, % r ¼ 20.005, P ¼ 0.954 — r ¼ 20.034, P ¼ 0.694 — r ¼ 20.080, P ¼ 0.356 —

Sperm morphology, % normal forms r ¼ 0.097, P ¼ 0.260 — r ¼ 20.113, P ¼ 0.186 — r ¼ 20.181, P ¼ 0.063 —

sIL-8 (ng/ml) r ¼ 0.083, P ¼ 0.308 — r ¼ 20.005, P ¼ 0.952 — r ¼ 0.010, P ¼ 0.905 —

Ultrasound parameters

SV total volume before ejaculation (ml) r 5 0.174, P 5 0.027 Adj. r 5 0.187, P 5 0.046 r 5 0.327, P < 0.0001 Adj. r 5 0.354,
P < 0.0001

r ¼ 0.046, P ¼ 0.560 —

SV total volume after ejaculation (ml) r 5 0.155, P 5 0.05 Adj. r 5 0.175, P 5 0.049 r 5 0.301, P < 0.0001 Adj. r 5 0.318,
P < 0.0001

r ¼ 0.069, P ¼ 0.387 —

DSV volume (ml) r 5 0.208, P 5 0.009 Adj. r 5 0.225, P 5 0.018 r 5 0.304, P < 0.0001 Adj. r 5 0.346,
P < 0.0001

r ¼ 0.056, P ¼ 0.485 —

SV inhomogeneity before ejaculation RR 5 3.60
[1.21–10.71],
P 5 0.021

RR 5 6.34 [1.48–22.34],
P 5 0.013

RR 5 2.60 [1.47–4.62],
P 5 0.001

OR 5 3.18 [1.66–6.07],
P < 0.0001

RR ¼ 091 [0.80–1.03],
P ¼ 0.146

—

SV inhomogeneity after ejaculation RR ¼ 2.23 [0.82–6.07],
P ¼ 0.118

— RR 5 2.33 [1.31–4.15],
P 5 0.004

OR 5 2.79 [1.48–5.27],
P 5 0.002

RR ¼ 0.96 [0.84–1.08],
P ¼ 0.498

—

Epididymal body diameter (mm) r ¼ 0.094, P ¼ 0.237 — r ¼ 20.031, P ¼ 0.698 — r 5 20.213,
P 5 0.007

Adj. r 5 20.191,
P 5 0.028

Epididymal tail diameter (mm) r ¼ 0.100, P ¼ 0.210 — r ¼ 0.003, P ¼ 0.967 — r 5 20.217,
P 5 0.006

Adj. r 5 20.208,
P 5 0.018

Proximal vas deferens diameter (mm) r ¼ 20.077, P ¼ 0.335 — r ¼ 20.150, P ¼ 0.067 — r 5 20.172,
P 5 0.029

Adj. r ¼ 20.121,
P ¼ 0.176

Multivariate analysis has been adjusted for age, body mass index, smoking habit (pack-years), sexual abstinence (days), calculated free testosterone, prolactin and seminal interleukin 8 (sIL-8) levels. RR and OR values are reported for each fT3 unit
increment. Significant associations are reported in bold.
TSH, thyroid-stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; SV, seminal vesicles; RR, relative risk; OR, odds ratio.
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all the aforementioned confounders, the difference between sub-
clinical hyperthyroidism and hypothyroidism retained significance (adj.
difference ¼ 7.0 mm; P ¼ 0.007), while the difference with the rest of
the sample was attenuated (adj. difference ¼ 4.6 mm; P ¼ 0.035). All
the other CDUS characteristics of the male genital tract did not differ
among groups (not shown).

Discussion
In a cohort of 163 males seeking medical care for couple infertility,
fT3 and fT4 levels resulted as being in the normal range in all the sub-
jects evaluated. In contrast with previous studies investigating the
effect of thyroid dysfunctions on male reproductive health (see, for
review, Jannini et al., 1995; Krassas et al., 2010; Rajender et al.,
2011; Krajewska-Kulak and Sengupta, 2013), we here report the asso-
ciations between physiological TH variations and several seminal and
ultrasound features of men of infertile couples. The main finding of

our study is the demonstration, for the first time, of a positive associ-
ation between fT3 levels and SV ultrasound-derived volumes, both
before and after ejaculation, along with ejaculation-related SV empty-
ing (DSV volume). Accordingly, fT3 levels were positively related to
ejaculated volume and fructose levels, both an index of SV secretory
function (WHO, 2010). We also observed a positive association
between fT4 levels and decreased epididymal body and tail sizes.
Overall, these results suggest a permissive role of TH on the ejacula-
tory machinery and on SV physiological function. Conversely, no asso-
ciations were found between TSH or TH and other semen parameters
or CDUS features of the entire male genital tract, including testis and
prostate.

In the present study, a small subset of patients had subclinical hyper-
(n ¼ 6) and hypo- (n ¼ 12) thyroidism. However, according to the
reported prevalence in the general population (Hollowell et al., 2002),
in our cohort, the frequency of subclinical hyper-thyroidism (3.7%)
was in agreement with what was expected (1.8%), while that of

Figure 1 Associations between TH and significant seminal parameters. Associations between fT3 and fT4 levels and ejaculate volume (A and B, respect-
ively) and seminal fructose levels (C and D, respectively) are reported. r and P value of the univariate analysis are reported. For each panel, a scale of circles of
increasing size with a number on the right shows the number of subjects represented by each circle.
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subclinical hypothyroidism (7.4%) was significantly higher than expected
(3.4%). The latter result might be biased by the small study sample,
however, a specific role of subclinical thyroid dysfunction cannot be
ruled out, considering the aforementioned association with SV emptying.

SV are paired, androgen-dependent glands, contributing 50–80% of
the ejaculate volume (Lotti and Maggi, 2015). SV secretions contain a
great variety of substances (Gonzales, 1989), including fructose, which
is the main energy source for the spermatozoa (Gonzales, 2001).
SV participate in the ejaculation process, contracting and releasing
their fructose-rich secretions into the ejaculate (Jeyendran, 2000; Bet-
tocchi et al., 2008; Rowland et al., 2010; Corona et al., 2012b). We
here provide evidence of a regulatory role of fT3 levels on SV size and
emptying function. In fact, we found that fT3 levels are positively
related to SV volume, SV echo-texture inhomogeneity—indicating a
possible remodelling effect of this hormone on SV structure—and SV
emptying (DSV volume), along with the resulting ejaculate volume and
seminal fructose levels. Overall, these data suggest that TH regulate SV

physiological function within the physiologic range. After adjusting for
several potential confounders, the associations between fT3 levels and
the aforementioned parameters retained statistical significance, suggest-
ing an independent effect of fT3 on SV size and function. Previous studies
in humans (Corrales Hernandez et al., 1990) and in animal models
(Maran and Aruldhas, 2002; Jacob et al., 2005; Swapna et al., 2006) are
in line with this view. Corrales Hernandez et al. (1990) found a lower
semen volume in 10 subjects with primary hypothyroidism with
respect to 16 fertile controls. Hypothyroidism induced in newborn
male rats (Maran and Aruldhas, 2002) and in air-breathing catfish
Clarias gariepinus (Swapna et al., 2006) was associated with a reduction
in SV weight and SV volume, respectively. On the other hand, experimen-
tally induced hyperthyroidism in the latter animal model was associated
with a markedreduction of fluid in SV loculi (Jacobet al., 2005), suggesting
a massive SV emptying. Overall, all these data suggest that TH levels are
involved in the regulation of SV physiology, favouring their functional con-
tribution to the ejaculatory process.

Figure 2 Associations between fT3 or subclinical hyperthyroidism and significant SV ultrasound features. Associations between fT3 levels and SV total
volume before (A) and after (B) ejaculation, and with their difference (D SV volume, C). rand P value of the univariate analysis are reported. Foreach panel, a
scale of circles of increasing size with a number on the right shows the number of subjects represented by each circle. (D) The difference in reduction (D) of
SV longitudinal diameters with ejaculation comparing subjects with euthyroidism, subclinical hypo- and hyper-thyroidism. * P , 0.01 versus other groups at
Mann–Whitney analysis.
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Hyperthyroidism has been associated with a greater propensity to
ejaculate in studies involving animal models (Cihan et al., 2009b; Cahan-
girov et al., 2011) and humans (Corona et al., 2011, 2012b), and in the
latter it has been recognized as an acquired cause of premature ejacula-
tion (Corona et al., 2004; Carani et al., 2005; Cihan et al., 2009a; Buvat
et al., 2010; Maggi et al., 2013). However, the mechanism by which TH
facilitate the ejaculatory process is unknown. Cahangirov et al. (2011)
speculated that TH excess could act on the supraspinal regions which
control the ejaculation process. However, a direct action of TH on sex
accessory organs can also be hypothesized. In fact, thyroid hormone
nuclear receptors (TR) are located in several portions of the male
genital tract (De Paul et al., 2008; Carosa et al., 2010; Rajender et al.,
2011). T3 binding sites (Del Rio et al., 2000) and expression of both
TRa1 and TRb1 isoforms (De Paul et al., 2008) have been demonstrated
in rat epididymis. We here report that a positive relationship exists
between fT4 levels and decreased epididymal body and tail size after
ejaculation, suggesting a possible role of TH on emptying of these struc-
tures during the emission phase of the ejaculatory process. In addition, in
the six subjects with subclinical hyperthyroidism, a higherDSV longitudin-
al diameters (a SV emptying-related parameter) was found, further sup-
porting a permissive role of the hyperthyroid state in SV emptying and,
maybe, in the ejaculatory process.

In contrast with the positive association between TH and the ejacula-
tory machinery, we did not find any relationship between TH levels and
other semen parameters, sex hormones or other characteristics of the
male genital tract. In particular, neither testis characteristics nor testos-
terone or SHBG levels were associated with physiological TH variations.
Accordingly, stratifying subjects according to their thyroid status (euthyr-
oidism, subclinical hypo- and hyperthyroidism) did not reveal major dif-
ferences in hormonal and seminal parameters. Overall, our results
suggest that evaluation of TH may not be necessary in the work-up of
male infertility. In line with the view of a scanty effect of TH on fertility,
gene deletion of TRa1, TRa1/a2 and TRb1/b2 in various animal
models was without effect on reproduction capacity, although systemic
abnormalities were apparent (see Hsu and Brent, 1998; Flamant and
Samarut, 2003; Bochukova et al., 2012). Only TRa1PV/+ mutant mice
showed, along with dwarfism and high mortality, a reduced fertility, as
assessed by a reduction in the pregnancy rate and in the consequent
litter size (Kaneshige et al., 2001).

This study has some limitations. First, the number of patients investi-
gated is relatively small, and that of (subclinical) thyroid dysfunctions is
even smaller; hence, it is therefore difficult to draw firm conclusions.
Moreover, the present results are derived from patients consulting an
Italian Andrology Clinic for couple infertility, and could have different
characteristics from the male general population or from those males
consulting general practitioners for reasons other than couple infertility.
Finally, due to the cross-sectional nature of the study, neither a causality
hypothesis nor mechanistic models can be inferred.

This study also has several strengths. First, it systematically evaluates
several clinical, seminal, laboratory and male genital tract ultrasound
parameters in a cohort of 163 male patients with couple infertility. Sec-
ondly, we simultaneously evaluated in the same session, before and after
ejaculation, the CDUS characteristics of the entire male genital tract.
Thirdly, this study considers several possible confounders, such as age,
BMI, smoking habit, sexual abstinence, calculated free testosterone,
PRL and sIL-8 levels. Finally, the study simultaneously examined several
end-points within the same population, allowing a valid comparison of

the co-prevalence of the parameters examined, and supporting their
possible association with TH.

In contrast with the compelling evidence that TH assessment is im-
portant for female fertility, our results do not support a systematic evalu-
ation of thyroid function in males of infertile couples. However, further
larger studies are needed in order to make solid recommendations.
On the other hand, our data support a positive effect of TH on SV size
and suggest a permissive role of these hormones on the ejaculatory ma-
chinery, acting on SV emptying and, maybe, on epididymal contraction.

Supplementary data
Supplementary data areavailable athttp://humrep.oxfordjournals.org/.
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Cignini P, Cafà EV, Giorlandino C, Capriglione S, Spata A, Dugo N.
Thyroid physiology and common diseases in pregnancy: review of
literature. J Prenat Med. 2012;6:64–71.

Cihan A, Demir O, Demir T, Aslan G, Comlekci A, Esen A. The relationship
between premature ejaculation and hyperthyroidism. J Urol 2009a;
181:1273–1280.

Cihan A, Murat N, Demir O, Aslan G, Demir T, Gidener S, Esen AA. An
experimental approach to the interrelationship between hyperthyroidism
and ejaculation latency time in male rats. J Urol 2009b;181:907–912.

Clyde HR, Walsh PC, English RW. Elevated plasma testosterone and
gonadotropin levels in infertile males with hyperthyroidism. Fertil Steril
1976;27:662–666.

Corona G, Petrone L, Mannucci E, Jannini EA, Mansani R, Magini A,
Giommi R, Forti G, Maggi M. Psycho-biological correlates of rapid
ejaculation in patients attending an andrologic unit for sexual dysfunctions.
Eur Urol 2004;46:615–622.

Corona G, Jannini EA, Lotti F, Boddi V, De Vita G, Forti G, Lenzi A,
Mannucci E, Maggi M. Premature and delayed ejaculation: two ends of
a single continuum influenced by hormonal milieu. Int J Androl 2011;
34:41–48.

Corona G, Wu FC, Forti G, Lee DM, O’Connor DB, O’Neill TW,
Pendleton N, Bartfai G, Boonen S, Casanueva FF et al. Thyroid
hormones and male sexual function. Int J Androl 2012a;35:668–679.

Corona G, Jannini EA, Vignozzi L, Rastrelli G, Maggi M. The hormonal control
of ejaculation. Nat Rev Urol 2012b;9:508–519.

Corona G, Rastrelli G, Monami M, Saad F, Luconi M, Lucchese M,
Facchiano E, Sforza A, Forti G, Mannucci E et al. Body weight loss
reverts obesity-associated hypogonadotropic hypogonadism: a
systematic review and meta-analysis. Eur J Endocrinol 2013;168:829–843.

Corrales Hernández JJ, Miralles Garcı́a JM, Garcı́a Diez LC. Primary
hypothyroidism and human spermatogenesis. Arch Androl 1990;25:21–27.

De Paul AL, Mukdsi JH, Pellizas CG, Montesinos M, Gutiérrez S,
Susperreguy S, Del Rı́o A, Maldonado CA, Torres AI. Thyroid hormone
receptor alpha 1-beta 1 expression in epididymal epithelium from
euthyroid and hypothyroid rats. Histochem Cell Biol 2008;129:631–642.

Del Rio AG, Blanco AM, Pignataro O, Niepomniszcze H, Juvenal G,
Pisarev MA. High-affinity binding of T3 to epididymis nuclei. Arch Androl
2000;44:187–191.

Flamant F, Samarut J. Thyroid hormone receptors: lessons from knockout
and knock-in mutant mice. Trends Endocrinol Metab 2003;14:85–90.

Gharib H, Tuttle RM, Baskin HJ, Fish LH, Singer PA, McDermott MT.
Subclinical thyroid dysfunction: a joint statement on management from
the American Association of Clinical Endocrinologists, the American
Thyroid Association, and the Endocrine Society. J Clin Endocrinol Metab
2005;90:581–585.

Gonzales GF. Functional structure and ultrastructure of seminal vesicles. Arch
Androl 1989;22:1–13.

Gonzales GF. Function of seminal vesicles and their roleon male fertility. Asian
J Androl 2001;3:251–258.

Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW,
Spencer CA, Braverman LE. Serum TSH, T(4), and thyroid antibodies in the
United States population (1988 to 1994): National Health and Nutrition
Examination Survey (NHANES III). J Clin Endocrinol Metab 2002;87:489–499.

Hsu JH, Brent GA. Thyroid hormone receptor gene knockouts. Trends
Endocrinol Metab 1998;9:103–112.

Hudson RW, Edwards AL. Testicular function in hyperthyroidism. J Androl
1992;13:117–124.

Jacob TN, Pandey JP, Raghuveer K, Sreenivasulu G, Gupta AD, Yoshikuni M,
Jagota A, Senthilkumaran B. Thyroxine-induced alterations in the testis and
seminal vesicles of air-breathing catfish, Clarias gariepinus. Fish Physiol
Biochem 2005;31:271–274.

Jannini EA, Ulisse S, D’Armiento M. Thyroid hormone and male gonadal
function. Endocr Rev. 1995;16:443–459.

Jefferys A, Vanderpump M, Yasmin E. Thyroid dysfunction and reproductive
health. Obstet Gynaecol 2015;17:39–45.

Jequier A, Crich J. Useful biochemical tests. In: Jequier A, Crich J (ed). Semen
Analysis. A Practical Guide. Chapter 10. Oxford, Great Britain: Blackwell
Scientific Publications. Alden Press, 1986.

Jeyendran RS. Interpretation of Semen Analysis Results, 1st edn. Cambridge:
Cambridge University Press, 2000.

Kakuno Y, Amino N, Kanoh M, Kawai M, Fujiwara M, Kimura M, Kamitani A,
Saya K, Shakuta R, Nitta S et al. Menstrual disturbances in various thyroid
diseases. Endocr J 2010;57:1017–1022.

Kaneshige M, Suzuki H, Kaneshige K, Cheng J, Wimbrow H, Barlow C,
Willingham MC, Cheng S. A targeted dominant negative mutation of the
thyroid hormone alpha 1 receptor causes increased mortality, infertility,
and dwarfism in mice. Proc Natl Acad Sci USA 2001;98:15095–15100.

Khandelwal D, Tandon N. Overt and subclinical hypothyroidism: who to
treat and how. Drugs. 2012;72:17–33.

Kidd GS, Glass AR, Vigersky RA. The hypothalamic–pituitary–testicular axis
in thyrotoxicosis. J Clin Endocrinol Metab 1979;48:798–802.

Kim B, Kawashima A, Ryu JA, Takahashi N, Hartman RP, King BF Jr. Imaging of
the seminal vesicle and vas deferens. Radiographics 2009;29:1105–1121.

Krajewska-Kulak E, Sengupta P. Thyroid function in male infertility. Front
Endocrinol (Lausanne). 2013;4:1–2.

Krassas GE, Perros P. Thyroid disease and male reproductive function.
J Endocrinol Invest 2003;26:372–380.

Krassas GE, Pontikides N, Kaltsas T, Papadopoulou P, Batrinos M.
Menstrual disturbances in thyrotoxicosis. Clin Endocrinol (Oxf) 1994;
40:641–644.

Krassas GE, Pontikides N, Deligianni V, Miras K. A prospective controlled
study of the impact of hyperthyroidism on reproductive function in
males. J Clin Endocrinol Metab 2002;87:3667–3671.

Krassas GE, Papadopoulou F, Tziomalos K, Zeginiadou T, Pontikides N.
Hypothyroidism has an adverse effect on human spermatogenesis: a
prospective, controlled study. Thyroid 2008;18:1255–1259.

Krassas GE, Poppe K, Glinoer D. Thyroid function and human reproductive
health. Endocr Rev 2010;31:702–755.

Krausz C. Male infertility: pathogenesis and clinical diagnosis. Best Pract Res
Clin Endocrinol Metab 2011;25:271–285.

Lotti F, Maggi M. Interleukin 8 and the male genital tract. J Reprod Immunol
2013;100:54–65.

Lotti F, Maggi M. Ultrasound of the male genital tract in relation to male
reproductive health. Hum Reprod Update 2015;21:56–83.

Lotti F, Corona G, Colpi GM, Filimberti E, Innocenti SD, Mancini M, Baldi E,
Noci I, Forti G, Maggi M. Seminal vesicles ultrasound features in a cohort of
infertility patients. Hum Reprod 2012a;27:974–982.

Lotti F, Tamburrino L, Marchiani S, Muratori M, Corona G, Fino MG,
Degl’Innocenti S, Forti G, Maggi M, Baldi E. Semen apoptotic M540 body
levels correlate with testis abnormalities: a study in a cohort of infertile
subjects. Hum Reprod 2012b;27:3393–3402.

Thyroid hormones in male partners of infertile couples 11

 at U
niversitÃ

  degli Studi di Firenze on January 18, 2016
http://hum

rep.oxfordjournals.org/
D

ow
nloaded from

 

http://humrep.oxfordjournals.org/


Lotti F, Corona G, Maseroli E, Rossi M, Silverii A, Degl’innocenti S, Rastrelli G,
Forti G, Maggi M. Clinical implications of measuring prolactin levels in males
of infertile couples. Andrology. 2013a;1:764–771.

Lotti F, Corona G, Degli Innocenti S, Filimberti E, Scognamiglio V, Vignozzi L,
Forti G, Maggi M. Seminal, ultrasound and psychobiological parameters
correlate with metabolic syndrome in male members of infertile
couples. Andrology 2013b;1:229–239.

Lotti F, Corona G, Mondaini N, Maseroli E, Rossi M, Filimberti E, Noci I,
Forti G, Maggi M. Seminal, clinical and colour-Doppler ultrasound
correlations of prostatitis-like symptoms in males of infertile couples.
Andrology 2014a;2:30–41.

Lotti F, Corona G, Vignozzi L, Rossi M, Maseroli E, Cipriani S, Gacci M, FortiG,
Maggi M. Metabolic syndrome and prostate abnormalities in male subjects
of infertile couples. Asian J Androl 2014b;16:295–304.

Lotti F, Corona G, Vitale P, Maseroli E, Rossi M, Fino MG, Maggi M. Current
smoking is associated with lower seminal vesicles and ejaculate volume,
despite higher testosterone levels, in male subjects of infertile couples.
Hum Reprod 2015;30:590–602.

MacDonald AA, Herbison GP, Showell M, Farquhar CM. The impact of body
mass index on semen parameters and reproductive hormones in human
males: a systematic review with meta-analysis. Hum Reprod Update 2010;
16:293–311.

Maggi M, Buvat J, Corona G, Guay A, Torres LO. Hormonal causes of male
sexual dysfunctions and their management (hyperprolactinemia, thyroid
disorders, GH disorders, and DHEA). J Sex Med 2013;10:661–677.

Maran RRM, Aruldhas MM. Adverse effects of neonatal hypothyroidism on
Wistar rat spermatogenesis. Endocr Res 2002;28:141–154.

Maseroli E, Corona G, Rastrelli G, Lotti F, Cipriani S, Forti G, Mannucci E,
Maggi M. Prevalence of endocrine and metabolic disorders in subjects
with erectile dysfunction: a comparative study. J Sex Med 2015;
12:956–965.

Parsons JK, Carter HB, Partin AW, Windham BG, Metter EJ, Ferrucci L,
Landis P, Platz EA. Metabolic factors associated with benign prostatic
hyperplasia. J Clin Endocrinol Metab 2006;91:2562–2568.

Parsons JK, Sarma AV, McVary K, Wei JT. Obesity and benign prostatic
hyperplasia: clinical connections, emerging etiological paradigms and
future directions. J Urol 2013;189:S102–S106.

Penna G, Mondaini N, Amuchastegui S, Degli Innocenti S, Carini M,
Giubilei G, Fibbi B, Colli E, Maggi M, Adorini L. Seminal plasma cytokines
and chemokines in prostate inflammation: interleukin 8 as a predictive
biomarker in chronic prostatitis/chronic pelvic pain syndrome and
benign prostatic hyperplasia. Eur Urol 2007;51:524–533.

Poppe K, Glinoer D, Van Steirteghem A, Tournaye H, Devroey P,
Schiettecatte J, Velkeniers B. Thyroid dysfunction and autoimmunity in
infertile women. Thyroid 2002;12:997–1001.

Rajender S, Monica MG, Walter L, Agarwal A. Thyroid, spermatogenesis,
and male infertility. Front Biosci 2011;3:843–855.

Rowland D, McMahon CG, Abdo C, Chen J, Jannini E, Waldinger MD,
Ahn TY. Disorders of orgasm and ejaculation in men. J Sex Med 2010;
7:1668–1686.

Sermondade N, Faure C, Fezeu L, Shayeb AG, Bonde JP, Jensen TK, Van
Wely M, Cao J, Martini AC, Eskandar M et al. BMI in relation to sperm
count: an updated systematic review and collaborative meta-analysis.
Hum Reprod Update 2013;19:221–231.

Smith LB, Walker WH. The regulation of spermatogenesis by androgens.
Semin Cell Dev Biol 2014;30:2–13.

Strickland DM, Whitted WA, Wians FH Jr. Screening infertile women for
subclinical hypothyroidism. Am J Obstet Gynecol 1990;163:262–263.

Swapna I, Rajasekhar M, Supriya A, Raghuveer K, Sreenivasulu G,
Rasheeda MK, Majumdar KC, Kagawa H, Tanaka H, Dutta-Gupta A
et al. Thiourea-induced thyroid hormone depletion impairs testicular
recrudescence in the air-breathing catfish, Clarias gariepinus. Comp
Biochem Physiol A Mol Integr Physiol 2006;144:1–10.

Thangaratinam S, Tan A, Knox E, Kilby MD, Franklyn J, Coomarasamy A.
Association between thyroid autoantibodies and miscarriage and
preterm birth: meta-analysis of evidence. Br Med J 2011;342:d2616.

Twig G, Shina A, Amital H, Shoenfeld Y. Pathogenesis of infertility and
recurrent pregnancy loss in thyroid autoimmunity. J Autoimmun 2012;
38:J275–J281.

van den Boogaard E, Vissenberg R, Land JA, van Wely M, van der Post JAM,
Goddijn M, Bisschop PH. Significance of (sub)clinical thyroiddysfunction
and thyroid autoimmunitybefore conception and in early pregnancy: a
systematic review. Hum Reprod Update 2011;17:605–619.

Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F,
Grimley Evans J, Hasan DM, Rodgers H, Tunbridge F et al. The incidence of
thyroid disorders in the community: a twenty-year follow-up of the
Whickham Survey. Clin Endocrinol (Oxf) 1995;43:55–68.

Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple
methods for the estimation of free testosterone in serum. J Clin
Endocrinol Metab 1999;84:3666–3672.

Wang C, Crapo LM. The epidemiology of thyroid disease and implications for
screening. Endocrinol Metab Clin North Am 1997;26:189–218.

World Health Organization. WHO Manual for the Standardised Investigation
and Diagnosis of the Infertile Couple. Cambridge: Cambridge University
Press, 2000.

World Health Organization. WHO Laboratory Manual for the Examination and
Processing of Human Semen, 5th edn. Geneva, Switzerland: WHO press,
2010.

Zitzmann M. Effects of age on male fertility. Best Pract Res Clin Endocrinol
Metab 2013;27:617–628.

12 Lotti et al.

 at U
niversitÃ

  degli Studi di Firenze on January 18, 2016
http://hum

rep.oxfordjournals.org/
D

ow
nloaded from

 

http://humrep.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


