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Abstract

Objectives: We proposed to investigate the possible effect and association of systemic inflammation (SI) and seminal parameter
indicators in chronic hemodialysis patients.
Methods: This was a cross-sectional study. All the participants were subjected to a spermiogram with calculation of fertility index
(FI), serum C-reactive protein (CRP) level, seminal transferrin (ST) level, as well as evaluation of the hormonal profile (HP). The sample
consisting of 60 men (cases) undergoing hemodialysis for more than 6 months was subdivided into 3 groups: group 1 (n = 30, with
inflammation, CRP > 5 mg/L), group 2 (n = 30, without inflammation, CRP ≤ 5 mg/L), and group 3 (n = 30, healthy men, CRP ≤ 1).
Results: Age was similar in the 3 groups (P = 0.43). FI, testosterone total and ST levels were significantly lower in the case groups
than in the control group (P < 0.001). Follicle stimulating hormone, luteinizing hormone, and prolactin levels were significantly
higher in the case groups than in the control group (P < 0.001). Between the subgroups of cases (groups 1 and 2), the inflammatory
factor alone does not seem to interfere with the FI, HP, and ST level (P > 0.05). However, it significantly interfered with the FI, HP, and
ST level when compared between the case groups and the control group (P < 0.001). No correlation was observed between SI and
analyzed parameters (P > 0.05).
Conclusions: The results suggest that the SI alone has no effect and is not associated with the FI or ST level in a patient undergoing
chronic hemodialysis.
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1. Background

Systemic chronic inflammation (SCI) is a basic feature
of chronic kidney disease (CKD)/end-stage renal disease
(ESRD), especially in those undergoing hemodialysis (HD),
and is related to genetics, uremia, dialysis, oxidative stress,
and inflammatory factors (1). SCI is the result of the in-
creased serum levels of proinflammatory cytokines such as
interleukin (IL)-6 and tumor necrosis factor (TNF-α) as well
as acute phase proteins such as C-reactive protein (CRP)
and fibrinogen (1). It has now been well established that
CKD/ESRD is a type of SCI (2).

Patients with CKD, especially HD, frequently present
with subfertility/infertility, are characterized by poor sem-
inal quality (3). The etiology of subfertility/infertility in
these patients and in the general population is multifacto-
rial, involving genetic, hormonal, immunological, oxida-
tive, and inflammatory factors (4).

Subfertility/infertility in the male population is a clin-
ical condition that affects approximately 15% of couples of
childbearing age, with 50% of the masculine factor being
manifested by changes either in sperm quality (concentra-
tion, motility, morphology, and sperm vitality) or in semi-
nal plasma (5).

It has been reported that infection/inflammation of
the genital tract increased cytokine level in seminal
plasma and low quality of seminal parameters leads to sub-
fertility/infertility (6).

However, the effect of SCI on the genital tract is poorly
studied, especially in patients with CKD undergoing HD;
around 40% - 60% of whom suffer from SCI (1). We decided
to investigate the possible effect and association of SCI us-
ing 2 seminal parameter indicators: fertility index (FI) and
seminal transferrin (ST), in HD patients.
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2. Methods

2.1. Recruitment, Inclusion and Exclusion

The prospective study of prevalence was realized in the
hemodialysis sector of the University hospital of the Uni-
versity of Brasilia, between July 2016 and December 2016,
after approval by the research ethics committee of the
faculty of health sciences of the University of Brasilia un-
der number 53172316.9.0000.0030. The inclusion criteria
were: age between 18 to 60 years, has been in HD for more
than 6 months (cases), and absence of acute or chronic
liver disease. The exclusion criteria included the pres-
ence of hemochromatosis or diseases of iron metabolism.
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 in-
fection/inflammation, positive serology for hepatitis B, C,
and human immunodeficiency virus (HIV), vascular access
infection, leukocytosis, fever, as well as hypoproteinemia
were not included in the study. All the participants were
subjected to a spermiogram with calculation of FI, serum
CRP level, and ST level, as well as an evaluation of the
hormonal profile (HP) (follicle stimulating hormone-FSH;
luteinizing hormone - LH, total testosterone - TT and pro-
lactin - PRL. The sample consisting of 60 men (cases) in
high flow HD by vascular fistula access, 3x week with du-
ration of 4 hours / HD session, was subdivided into group
1 (n = 30, with inflammation, CRP > 5 mg/L) and group 2
(n = 30, without inflammation, CRP ≤ 5 mg/L) as it is sug-
gested by clinical practice guidelines and clinical practice
recommendations for anemia in chronic kidney disease (7)
as well as 30 healthy men (control) with lower cardiovas-
cular risk (8) (CRP ≤ 1 mg/L) from the health promotion
outpatient clinic of the same hospital with renal function
(glomerular filtration rate > than 90 mL/min per 1.73 m2),
sperm without changes.

2.2. 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, FSH, LH, TT, and PRL. On the same
day of blood collection, the semen was collected by volun-
tary masturbation in an appropriate environment at am-
bient temperature to perform spermiogram by manual
method according to the guidelines of the world health or-
ganization (WHO) laboratory manual for the examination
and processing of human semen 5th ed (9). The seminal
plasma preparation was centrifuging at 3500 × g for 20
minutes after 30 minutes liquefaction. The supernatant

was collected into a new tube and held at -20°C for the
measurement of ST levels. ST and hormones belonging to
the hormonal profile were measured by enzyme immuno-
chemiluminescence using the Immulite 2000 / Siemens
automatic analyzer. Specific kits were used for quantifica-
tion, as well as calibrators and controls recommended by
the manufacturer.

2.3. Fertility Index (FI)

IF was calculated according to Harvey (10) as follows:
FI = sperm concentration (× 106/mL) × sperm motility ×
percentage of spermatozoa with normal morphology.

2.4. Statistical Analysis

After the normal distribution curve of the sample was
verified by normality tests (Shapiro-Wilk), the one-way
ANOVA test followed by the Bonferroni test was used for
differences between 3 independent quantitative variables.
To verify correlation between 2 independent quantitative
variables Pearson correlation analysis was. Statistical sig-
nificance was set at P < 0.05 to reject the null hypothesis.
SPSS® for Windows, version 20.0 was used.

3. Results

The age was similar in the 3 groups (49.83± 5.65; 49.10
± 5.54 and 47.90±6.22, P = 0.43). FI, TT, and ST factors were
significantly lower in the case groups than in the control
group. Although there is no clinical hypogonadism (testos-
terone level was within normal range) in the sample pop-
ulation, FSH, LH, and PRL, levels were significantly higher
in the cases than in the controls (P < 0.001) (Table 1). The
inflammatory factor, analyzed alone, did not seem to inter-
fere with the FI, HP, and ST level between the subgroups of
cases (groups 1 and 2, P > 0.05). However, it significantly
interfered with the FI, HP, and ST level between the case
groups and the control group (Table 1, P < 0.001). No corre-
lation was observed between the analyzed parameters and
SCI (Table 2, P > 0.05).

4. Discussion

To our knowledge, the present study is the first to in-
vestigate the effect of SCI on 2 indicators of seminal param-
eters: ST and FI, in HD patients. These indicators can be
useful in the initial evaluation of semen quality in patients
with suspected subfertility/infertility, considering the ease
and low cost at which sperm quality and seminal transfer-
rin level can be tested.

The similar age of the groups (P = 0.430, Table 1) and
the eugonadism of the sample population studied reduce
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Table 1. Comparative evaluation of age, fertility index, hormone profile and transferrin seminal level among groups (x ± SD), (N = 30)

Observed Parameters Group 1 Group 2 Group 3 Pa Valors Bonferroni’ Test

Group 1 and Group 2 Group 1 and Group 3 Group 2 and Group 3

Age, y 49.83 ± 5.65 49.10 ± 5.54 47.90 ± 6.22 0.430

Fertility indexb 0.66 (0.33) 1.05 (1.3) 5.54 (1.3) 00.000 00.29 00.000 00.000

FSH,mIU/mL 06.4 ± 01.39 06.18 ± 01.00 03.40 ± 00.48 00.000 01.00 00.000 00.000

LH,mIU/mL 06.01 ± 01.67 15.81 ± 02.61 02.84 ± 00.54 00.000 01.00 00.000 00.000

Testosterone, ng/dL 399.73 ± 48.99 422.33 ± 66.24 510.60 ± 92.56 00.000 01.00 00.000 00.000

Prolactin, ng/mL 16.24 ± 2.98 16.52 ± 02.91 05.86 ± 01.93 00.000 01.00 00.000 00.000

Transferrin seminal, ng/mL 37.90 ± 06.22 42.35 ± 09.46 73.32 ± 06.81 00.000 00.07 0.000 0.000

Abbreviations: FSH, Follicle-Stimulating Hormone; LH, Luteinizing Hormone.
a One-way anova test.
b Fertility index (FI) = sperm density (0.106 mL-1 ) × sperm motility × sperm morphology (this value represents the number of sperm with forward motile and normal morphology in each mL), as described by Harvey (1953).

Table 2. Correlational Evaluation Pearson of C-Reactive Protein with Seminal Trans-
ferrin and Fertility Index in Group Case

Observed Parameters Group Case (N = 60)

r P Value

C-reactive protein

Seminal transferrin -0.166 0.204

Fertility index -0.238 0.067

bias and confer reliability to the results. The sex hormones
are important for seminal quality, as adequate spermato-
genesis and seminal transferrin synthesis in the testicular
gland, both of which are associated with seminal quality,
require these hormones (11).

The HP identified in HD patients is often characterized
by elevated serum levels of FSH, LH, and PRL, as well as low
testosterone (hypogonadism) in approximately 1/3 of HD
patients caused by blockages at one or more sites along the
hypothalamic-pituitary-testicular (HPT) axis (12, 13).

Testicular level is due to dysfunction of Leydig cells be-
cause of pro-inflammatory cytokines, such as TNF-α, IL-1,
and interleukin 6 (IL-6), which inhibit testicular Leydig cell
steroidogenesis at the level of gene expression of different
steroidogenic enzymes induced by CKD and HD (14), LH re-
duced clearance, as well as hyperprolactinemia caused by
reduced clearance of PRL (12).

The sexual hormones (Table 1) in the case group in our
study partially followed the pattern described above this
is: high levels of FSH and LH, but TT levels within the lim-
its of normality (eugonadics). Absence of clinical hypog-
onadism, in thesis, withdraw the hormonal factor in the
pathophysiology of the changes found in the ST level and
seminal parameter.

The FI and ST level are indicators frequently used in
studies on patients suspected of suffering from subfertil-

ity/infertility caused by seminal parameter change (15).

The FIs were significantly lower in the case subgroups
than in the control group: 0.66 (0.33) (group 1) and 1.05 (1.3)
(group 2) vs. 5.54 (1.3) (group 3), P < 0.001. Xu et al. (16)
found similar results in a uremic population: 0.68 (2.08)
for case and 7.7 (13.51) for control.

ST levels were significantly lower in the case subgroups
than in the control group 37.90 ± 06.22 ng/mL (group
1) and 42.35 ± 09.46 ng/mL (group 2) vs. 73.32 ± 06.81
ng/mL (group 3), P < 0.001. This finding has been corrob-
orated by a study by Bharshankar and Bharshankar (17),
who found that mean seminal plasma transferrin concen-
tration in fertile men was 5.35±2.07 mg/dL and that in nor-
mozoospermic subject was 4.63 ± 2.50 mg/dL, which was
significantly higher (P < 0.001) than that in oligozoosper-
mic, azoospermic, and post-vasectomized subjects. The
reasons for which ST levels are lower in patients with poor
seminal quality are unknown, however, it is hypothesized
that it is because IL-6 reduces transferrin secretion by the
Sertoli cells of the testes (18).

The reduction in seminal quality found in patients un-
dergoing HD and reflected in the FI and ST levels analyzed
in this study is multifactorial (prevalence of uremia and
hormonal, immunological, oxidative, and inflammatory
factors) (19).

It is an established fact that inflammation/infection of
the male urogenital tract reduces seminal quality due to an
increase in the levels of seminal cytokines (18).

The effect of chronic systemic inflammation as a mod-
ifying factor of seminal parameter is little studied. After
the contribution of uremic factor in the lowering of sem-
inal quality in patients with renal failure was recognized
(16, 20), the contribution of the oxidative/inflammatory
factors was emphasized (21, 22). Patients undergoing
hemodialysis can be characterized by increased levels of
oxidative stress and inflammation (23). The relation of in-
flammation and oxidative stress to overproduction of reac-
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tive oxygen species (ROS) in HD is well known (24). This re-
lation is attributed to the ability of ROS to activate nuclear
factors such as nuclear factor kappa B (NF-κB), which is
an inducer of the synthesis of pro-inflammatory cytokines
such as IL-6 and TNF-α, and the consequent elevation of
acute phase proteins such as fibrinogen and CRP (24). In
addition to being an inflammation inducer (24), ROS have
an important direct contribution to the seminal parame-
ter changes, promoting substantial adverse effects on the
structural and functional integrity of sperms by protein,
glycogen, lipid, and DNA peroxidation (25). They can there-
fore be considered partially responsible for defective mor-
phology and function of the sperms of male patients with
subfertility/infertility (25).

As SCI is almost always present in patients undergo-
ing HD (1), it is plausible to postulate that hypercytokine-
mia induced in such patients can profoundly affect vas-
cular testicular permeability and can reach the intersti-
tial compartment of the testis (26). Hypercytokinemia,
which is a part chronic inflammation in HD patients, mod-
ulates interactions among immunological, oxidative, and
inflammatory mediators, which are responsible for sperm
dysfunction (18). This would cause profound and direct
changes in the physiology of the hematotesticular barrier,
stimulate the testicular macrophages to produce differ-
ent pro and anti-inflammatory cytokines, destroy the local
paracrine/autocrine systems, as well as other mechanisms,
which are responsible for maintaining the immune privi-
leged condition of the testes (26, 27).

Thus, we cannot affirm that neither the significant dif-
ferences (FI, PH, and ST) found between the case groups and
the control group (P < 0.001), nor the absence of effect of
the inflammatory factor on FI, PH, and ST in the subgroups
of cases (groups 1 and 2) (P > 0.05) were due solely to the in-
flammatory factor analyzed. The absence of correlation of
the inflammatory factor with IF and ST (Table 2) may rein-
force the multifactorial etiology of the seminal alterations
found among the groups. This study has 2 limitations: the
lack of measurement of total seminal antioxidant capacity
and a small sample size. The results suggest that the in-
flammatory factor alone has no effect and is not associated
with the fertility index or seminal transferrin level in a pa-
tient undergoing chronic hemodialysis.
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