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standard semen analysis was performed according to the 
WHO 2010 manual3 by the same microbiologist, who 
was specifically trained for this purpose. Semen analy-
sis consisted of macroscopic analysis (liquefaction, vol-
ume, pH, viscosity), microscopic analysis (sperm con-
centration, motility, vitality) and preparation of stained 
Papanicolaou smears for evaluation of morphology and 
leukocyte concentration. All assessments were carried 
out in duplicates. Sperm and serum samples were kept 
and centrifuged in order to measure sRAGE. Also, blood 
sampling was performed to test for glycosylated hemo-
globin, biochemical, and hormonal parameters.

Seminal plasma samples were separated by centrifuga-
tion at 1,000 g for 10 min and kept at -60oC, to be used 
for the assessment of sRAGE. sRAGE levels were also 
measured in blood serum of each participant. Both seminal 
and serum total sRAGE concentrations were determined 
by enzyme-linked immunosorbent assay (ELISA; R&D 
Systems, Minneapolis, MN, USA), in duplicate measure-
ments. The reference range was 382 - 4,329 pg/ml (mean 
± standard deviation: 1,655 ± 693 pg/ml) for the seminal 
plasma sRAGE and 368 - 4,354 pg/ml (1,794 ± 755 pg/ml) 
for the serum sRAGE. Inter-assay and intra-assay co-effi-
cient of variations of the sRAGE ELISA were 8.3 % and 
5.5 %, respectively. The minimum detectable dose (MDD) 
of human RAGE ranged from 1.23 - 16.14 pg/ml.

In every participant, glycosylated hemoglobin 1c 
(HbA1c) was measured by HA-8160 HPLC analyzer 
(Arkray Inc., Kyoto, Japan). Also, high-density lipopro-
tein (HDL)-cholesterol, low-density lipoprotein (LDL)-
cholesterol, total cholesterol, and triglycerides were eval-
uated by Architect c16000 clinical chemistry photometric 
analyzer (Abbott, IL, USA). Additionally, hormonal pro-
files, including follicular stimulating hormone (FSH), lu-
teinizing hormone (LH), prolactin, sex-hormone binding 
globulin (SHBG), thyroid stimulating hormone (TSH), 
and total testosterone were determined by Advia Centaur 
XP immunoassay system for multiple sample analyses 
(Siemens, Dublin, Ireland).

Statistical analysis 
All data were analyzed with the Statistical Package 

for the Social Sciences (SPSS) for Windows, Version 
17.0 (SPSS Inc., Chicago, IL, USA). Data are presented 
as percentages for categorical variables and mean and 
standard deviation for continuous variables. Differences 
in categorical and continuous variables between groups 
were assessed with the chi-square test and the independ-
ent samples t-test, respectively. In all cases, a two-tailed 
p <0.05 was considered significant.

Results
There were no differences between fertile and infer-

tile AS men regarding clinical history, family history of 
diabetes, smoking status, diet habits, exercise habits, ac-
companying diseases or exposure to radiation, or other 
occupational hazards. As expected, there were significant 
differences between infertile AS and fertile groups, in 
the majority of semen parameters (Table 1; p <0.001). 
Further classification of the type of infertility according 
to semen parameters depicts the presence of pathological 
morphology mostly combined with another pathological 
semen parameter (Table 2).

Serum sRAGE concentrations were higher in fertile 
men as opposed to the overall group of men from infertile 
couples (AS + NS) (Table 3). Seminal plasma sRAGE 
concentrations in fertile men were similar to those of NS 
men from infertile couples but lower than those of infer-
tile AS men. In all groups of studied men (fertile, NS, 
AS), serum concentrations of sRAGE were significantly 
higher compared to seminal plasma sRAGE (Table 3; 
p <0.001). Seminal sRAGE concentrations were nega-
tively correlated with HbA1c with marginal significance 
(r =-0.265, p =0.053). No other correlation was detected 
between serum or seminal sRAGE concentrations and 
any other hormonal, metabolic or seminal parameters 
(Table 4). 

Table 1: Semen parameters in fertile, infertile with at least one abnormal semen parameter (concentration, motility, morphol-
ogy) (AS group) and men from infertile couples with normal semen parameters (NS group).

AS group NS group Fertile p value
(overall)

p value
(AS vs 
fertile)

p value
(NS vs 
fertile)

p value
(AS vs 

NS)
Number of men 53 10 12
Sperm concentration (106/ml) 24 ± 58 81 ± 64 91 ± 35 <0.001 <0.001 0.971 0.012
Total sperm concentration 
(106/ejaculate) 64 ± 110 352 ± 327 315 ± 150 <0.001 <0.001 0.931 <0.001

Total motility (a + b + c) (%) 34.8 ± 21.9 61.5 ± 10.8 64.7 ± 7.1 <0.001 <0.001 0.973 <0.001
Progressive motility (a + b) (%) 15.1 ± 12.4 41.9 ± 7.5 34.4 ± 14.3 <0.001 <0.001 0.402 <0.001
Immotile sperm (d) (%) 59.8 ± 18.4 38.5 ± 10.8 35.3 ± 7.1 <0.001 <0.001 0.956 <0.001
Normal morphology (%) 3.2 ± 1.9 5.8 ± 0.9 5.5 ± 1.0 <0.001 <0.001 0.964 <0.001
Leukocytes (/100 sperm) 12.3 ± 23.9 3.6 ± 3.4 0.8 ± 0.9 0.145 0.220 0.983 0.513
Spermatids (/100 sperm) 6.9 ± 10.6 5.5 ± 5.0 1.3 ± 1.3 0.168 0.169 0.620 0.959
MAI 1.9 ± 0.2 1.9 ± 0.3 1.8 ± 0.1 0.167 0.171 0.501 0.994

AS: men with infertility and abnormal semen parameters, MAI: multiple anomaly index, NS: men from infertile couples with normal semen parameters, 
Types of motility: Progressive (a-very rapid, and b-rapid) motility, Non-progressive motility (c-not rapid motility), Total motility =sum of a+b+c.


