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Objective: to verify the association between
seminal quality and seminal transferrin (ST)

level and fertility index in patients undergoing chronic
hemodialysis (CH). 
Material and methods: This is a cross-sectional study in a
group of 60 men (case) undergoing CH for more than 6
months, and a group of 30 healthy men (control), aged 18-60
years, without clinical or laboratory signs of infection/inflam-
mation. Spermiogram was performed, fertility index (FI) was
calculated and ST and sex hormones (SH) levels were meas-
ured, including follicle-stimulating hormone, luteinizing hor-
mone, total testosterone, and prolactin. 
Results: All individuals were eugonadal. No differences for age
(49.47 ± 5.56, 47.90 ± 6.2, p = 0.22) were observed between
cases and controls, whereas there were significant differences
between the individuals in the case and control groups with
respect to the mean FI (p = 0.000), seminal parameters (SP)
(p = 0.000), and ST levels (40.12 ± 08.25 vs 73.32 ± 06.8,
p = 0.000). ST levels were correlated with FI (r = 0.787,
p = 0.00) and  SP (motility: r = 0.857, p = 0.000; vitality:
r = 0.551, p = 0.000; density: r = 0.850, p = 0.000; normal
 morphology: r = 0.386, p = 0.000). Linear regression model
showed relationship of ST levels with total sperm motility 
(R2 = 0.701; p = 0.000) and and FI (R2 = 0.569; p = 0.000). 
Conclusions: Our results suggest that seminal quality is associ-
ated with ST levels and FI and that it can be used the initial
investigation of subfertility/infertility of patients undergoing
chronic hemodialysis..
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Patients with hypogonadism and clinical conditions that
could alter ST levels such as recent history of genitouri-
nary tract infection, clinical signs of acute or chronic
infection/inflammation, positive serology for hepatitis B,
C and human immunodeficiency virus (HIV), vascular
access infection, leukocytosis, fever, hypoproteinemia
were not included in the study. Sample consisted of 60
men (cases) in high flow HD by vascular fistula access, 3x
week with duration of 4 hours/HD session and 30 healthy
men (control) from the health promotion outpatient clin-
ic of the same hospital without injury of renal function
(glomerular filtration rate ≥ than 90 ml/min per 1.73 m2)
and sperm without changes.

Routine collection of blood and semen
The blood sample for analysis was collected from the
arteriovenous fistula immediately before the first weekly
hemodialysis session in the case group and on a previ-
ously scheduled day for the control group, always
between 8:00 and 10:00 a.m. in the clinical laboratory of
the same hospital to assay ST, follicle stimulating hormone
(FSH); luteinizing hormone (LH) and total testosterone
(TT). On the same day of blood collection, the semen
was collected by voluntary masturbation in an appropri-
ate environment to perform spermiogram by manual
method according to the guidelines of the World Health
Organization (WHO) laboratory manual for the examina-
tion and processing of human semen 5th ed (1). The
seminal plasma was prepared by centrifuging at 3500 ×
g for 20 min after 30 minutes liquefaction. The super-
natant was collected into a new tube and held at -20 ° C
for the measurement of ST levels. 
ST and hormones were measured by enzyme immuno-
chemiluminescence using the Immulite 2000/Siemens
automatic analyzer. Specific kits were used for quantifi-
cation, as well as calibrators and controls recommended
by the manufacturer.

Fertility Index (FI) 
FI was calculated according to Harvey (2) as follows: FI
= sperm concentration (x 106/ml) x sperm motility x per-
centage of spermatozoa with normal morphology.

Statistical analysis
After the normal distribution curve of the sample was ver-
ified by normality tests (Shapiro-Wilk), for differences
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MATERIALS AND METHODS

Recruitment, inclusion and exclusion
A cross-sectional study was realized in the Hemodialysis
Sector of the University Hospital of the University of Brasília,
between July 2016 and December 2016, after approval by
the Research Ethics Committee  of  the  Faculty  of  Health
Sciences  of  the  University  of  Brasília under  number
53172316.9.0000.0030. 
Inclusion criteria were: age between 18 to 60 years, has
been in hemodialysis (HD) for more than 6 months
(cases) and absence of acute or chronic liver disease.
Exclusion criteria were the presence of hemochromato-
sis or diseases of iron metabolism.
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between two independent quantitative variables was used
t-test and Pearson correlation analysis. Statistical signifi-
cance was set at p < 0.05 to reject the null hypothesis.
SPSS® for Windows, version 24.0 was used.

RESULTS
All sample of patients were eugonadics (normal LH,
FSH, TT). No difference for afe was observed between
cases and controls (49.47 ± 5.56, 47.90 ± 6.2, p =
0.229), whereas significant differences between case and
control means were observed for FI (p = 0.000), seminal
parameters (SPs) (P = 0.000) and ST levels (40.12 ±
08.25 vs 73.32 ± 06.8, p = 0.000). ST maintained corre-
lation (Table 2) with FI (r = 0.787 , p = 0.00) and SPs
(motility r = 0.857 and p = 0.000; vitality r = 0.551 and
p = 0.000; density r = 0.850 and p = 0.000 and normal
morphology r = 0.386 and p = 0.000) and without hor-
mones corrections (p > 0,05). The positive relationships
between ST and sperm concentration and fertility index
in group case can be explained by the linear regression
model in up to 72.2% and 56.9%, respectively. 

DISCUSSION
This study is of great importance because it is the first to
verify the association between ST levels and SP and FI in
patients undergoing HD. The practicality and low cost of

the ST measurement can be attractive for
the initial evaluation of semen quality in
patients undergoing HD with suspected
subfertility/infertility. 
ST is an isoform of the human transferrin
family that is found abundantly in human
seminal plasma; it is produced and secreted
(80%) by Sertoli cells (3). It is sensitive to
systemic and site inflammatory changes,
and is involved in transport of iron ions in
the systemic or site compartments (4).
Distribution of the mean values of the
parameters evaluated in case and control
groups can be observed in Figure 1.
The similar age (p = 0.229) and eugonadal
status (p = 0.000) (Table 1) of the studied
individuals ensures greater reliability, and it
lowers the impact on the analysis and inter-
pretation of these variables.
The male hormonal profile most commonly
observed in patients in HD includes elevat-

ed serum levels of FSH, LH, and decreased levels of TT
in response to the inhibitory action of one or more hypo-
thalamic-pituitary-gonadal axis sites (5). These changes
are promoted by factors such as uremia, oxidative stress
(OS) and pro-inflammatory cytokines present in HD (4).
The hormones profile (Table 1) in the case group in our
study followed partially the pattern described above and
found by other Authors (6, 7) that is high levels of FSH
and LH although TT levels were within the limits of nor-
mality (eugonadics). Absence of clinical hypogonadism,
in thesis, minimizes the effect of hormonal factor in the
pathophysiology of the changes found in the ST level
and seminal parameter. In the present study there was
no relationship (P > 0.05) between ST levels and hor-
mones (Table 2) which is corroborated by studies of Fuse
(8) and Ber (9). However, there are studies that show as
Tfs was inversely correlated with serum levels of LH,
FSH and prolactin (10, 11).
ST levels found were significantly lower in the cases in
relation to control in agreement with previous studies
conducted by different researchers in non-uremic popu-
lations with suspected sub/infertility. Kosar et al. (12)
found values of 58.1± 14.4 μg/ml vs 108.4 ± 17.5 μg/ml
(p < 0.0001); Bharshankar and Bharshankar (13) 2.63 ±
1.76 mg/dl vs 5.35 ± 2.07 mg/dl (p < 0.001) and Saeed
et al. (14) 54.0 μg/ml (50.0-60, 0) vs 74.0 μg/ml (69.0-
80.0) (p < 0.01). 
The explanation of the decrease in mean ST levels in
unhealthy men in sub/infertility studies are not well
known, but it is hypothesized that it is due to the action
of interleukin-6 (IL6) in testis to reduces transferrin
secretion in Sertoli cells (15). 
All sperm cell parameters evaluated (Table 1) were sig-
nificantly lower in the case group than in the control
group (p = 0.000), corroborating partially the results of
other authors (16, 17) that did not found significant dif-
ferences for all the elements of the SP (16, 17). However
there is a study that did not show a significant difference
in ST levels between healthy subjects and those with
seminal quality alterations (18). There was a statistically
significant correlation (Table 2) between ST and all ele-

Table 1. 
Comparative evaluation of age, semen and hormone parameters, fertility
index and transferrin seminal levels among case and control groups (x ± sd).

Observed parameters Case n (60) Control n (30) P values
Age (y) 49,47 ± 5,56 47,90 ± 6,22 0,229
Semen volume (ml) 01,33 ± 00,36 02,77 ± 0,44 0,000
Total motility (PR + NP %) 34,00 ± 06,24 71,31 ± 7,86 0,000
Sperm vitability (%) 47,49 ± 07,31 64,41 ± 2,89 0,000
Sperm density (x 106/ ml) 14,95 ± 06,18 50,21 ± 8,57 0,000
Morphology sperm (%) 25,40 ± 07,87 59,76 ± 10,58 0,000
FSH (mIU/ml) 06,30 ± 01,21 03,40 ± 00,48 0,000
LH (mIU/ml) 15,91 ± 02,62 02,84 ± 00,54 0,000
Testosterone (ng/ml) 04,11 ± 00,58 05,10 ± 00,92 0,000
Prolactin (ng/ml) 16,38 ± 02,92 05,86 ± 01,93 0,000
Fertility index 0, 85 (0,57) 5,54 (1,3) 0,000
Seminal transferrin(ng/ml) 40,12 ± 08,25 73,32 ± 06,81 0,000
PR - Progressive motility; NP - non-progressive motility; FSH - follicle-stimulating hormone;
LH - luteinizing hormone; a- t tests.

Table 2. 
Correlational evaluation Pearson’ between seminal
transferrin and  fertility index and seminal parameters 
in case group.

Observed parameters Case n (60)
r p

Fertility index 0,787 0,000
Seminal Sperm motility 0,857 0,000
transferrin   Sperm viability 0,551 0,000
versus Sperm density 0,850 0,000

Sperm morphology 0,386 0,002
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ments of the SP (p < 0.05). However, these correlations
were not linear in comparative studies with non-uremic
population of other authors. Bharshankar and Bharshankar
(13) found only a statistically significant correlation
between ST and percent of motile sperms (p < 0.05). 
Fuse et al. (8) found only a statistically significant correla-
tion between sperm concentration and ST level (r = 0.56;
p < 0.05). 
The FI is a general index to evaluate the semen quality,
which was better than any single semen parameter (2). 
In the present study we found a FI significantly lower in
the case group than in the control group (Table 1) in

according with the results of other Authors in uremic pop-
ulations as Xu et al. (16) who found a value of 0.68 (2.08)
vs 7.72 (13.51) (p < 0.05) and Xu et al. (17) who reported
a value of 0.23 (0.76) vs 13.02 (14.26) (p < 0.001). 
The positive relationship of ST with sperm concentration
and fertility index in the present study can explain up to
72.2% (R2) (p = 0.000) and 61.9% (R2) (p = 0.000) of the
cases, respectively, by the simple linear regression model.
This reinforces the hypothesis of its association with SPs.
The explanation for changes identified in SPa and ST level
are multifactorial (19). But there is evidence of the impor-
tance of cytokines and other immune regulatory factors in

51Archivio Italiano di Urologia e Andrologia 2018; 90, 1

Seminal transferrin and seminal quality

Figure 1. 
Distribution of mean values of all parameters tested in the group and control group. 

FSH: follicle stimulating hormone; LH: luteinizing hormone.
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the regulation of testicular function (steroidogenesis and
spermatogenesis) during pathophysiological states as well
as under normal physiological conditions (20).
Cytokines are interconnected with multiple factors,
including steroid hormones, the redox system, and sys-
temic or local inflammation (15). 
The HD patients are characterized by increased levels of
oxidative stress and inflammation with the relationship
between inflammation and oxidative stress leading to
overproduction of reactive oxygen species (ROS) (21). 
These factors are likely to represent an important com-
ponent for the development of SP changes (21).
It is postulated that hypercytokinemia generated in
patient HD can profoundly affect vascular testicular per-
meability and to achieve interstitial compartment of the
testis (22). This causes directly profound changes in the
physiology of the blood-testis barrier (BTB) and/or stimu-
late the testicular macrophages to produce differents pro
and anti-inflammatory cytokines, promoting blockage of
the paracrine/autocrine testicular regulation systems (22).
In the male reproductive system there is a variety of
cytokines in human seminal plasma, with differences in
cytokine concentrations between fertile and infertile men
and negative correlations between some cytokine levels
and SP (22).
The relationship between inflammation and oxidative
stress is confirmed and both processes contribute with
adverse effects on the structural and functional integrity
of sperm, resulting in changes in the sperm function and
in male infertility by protein, glycogen, lipid and DNA
peroxidation that can partially justify changes in the
seminal parameters (15).
Pro- and anti-inflammatory cytokines and other inflam-
matory mediators are largely responsible for the changes
observed in seminal plasma (23). IL-6  is a multifunc-
tional cytokine involved in many changes identified in
the tubular and interstitial compartments testicular with
reflection on the seminal quality (23). It has been sug-
gested that it is a potent inhibitor of the seminiferous
epithelium (23), modulating ST production by Sertoli
cells (20) and inducing persistent testicular resistence to
LH action and/or suppression of cell steroidogenesis in
the Leydig cells (24),
On the other hand, IL-6 has other important functions
which play an important role in maintaining the function
of Sertoli cells, germ cells, regulating the dynamics of
BTB via delaying BTB-constituent proteins degradation
(22). Overexpression of IL-6 (systemic inflammation)
could disrupt the integrity of the Sertoli cell and BTB,
making foreign molecules to reach germ cells (22).
Alteration of the permeability of BTB seems to be the
most important event in the pathophysiology of changes
in the semen of patients with seminal parameter changes
(22). The cytokines produced by the complex systemic
inflammation/oxidative stress, frequently observed in
these patients might modulate the activity of the pro-
oxidative and antioxidative systems (25). 
The oxidative stress is responsible for permanent perox-
idative damage to spermatozoa by means of protein com-
plexes called ion-responsive elements and ion regulatory
proteins (ERIs/PRIs) (25). These proteins are responsible
for the post-transcriptional regulation of proteins linked

to uptake iron (transferrin receptor 1 -RTf1) and storage
iron (ferritin) (25). When altered, they promote changes
in intracellular iron ion levels and morpho-functional
changes in seminal quality by toxic effect on germ cells
(25). That breakdown of the intratesticular pro-and anti-
inflammatory cytokine balance promoted by different
cytokines as the IL-6 contributes significantly by changes
in the permeability of BTB to important alterations in
autocrine/paracrine autoregulation mechanisms of inter-
action between surrounding germ cells, Sertoli and
Leydig cells (26). The changes promoted by cytokines
result in an immunopathological microenvironment that
can change the testicular immune privilege and justify
partially the changes in ST levels and their association
with seminal quality and fertility index in this group of
patients.

CONCLUSION
Although the multifactoriality in etiology of sub/infertili-
ty, our results suggest that seminal quality is associated
with ST levels and what ST can be used the initial inves-
tigation of subfertility/infertility of patients undergoing
chronic hemodialysis with alteration in seminal quality.
This study presents the limitations of the absence of sup-
plementary measurement of total seminal antioxidant
capacity and of the reduced sample. 
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