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ABSTRACT

The purpose of our investigation was to analyze the relationship between the serum levels of fatty acids and
their metabolites and the levels of the selected metabolic and hormonal parameters in patients with benign
prostatic hyperplasia (BPH) with regard to concomitant metabolic syndrome (MetS). We determined serum
concentrations of total (TT) and free testosterone (FT), insulin (1), dehydroepiandrosterone sulphate (DHEAS),
luteinizing hormone and insulin-like growth factor 1 (IGF-1) and sex hormone-binding globulin (SHBG). Gas
chromatography was performed. The patients differed in terms of hormone levels, but only the differences in
SHBG and IGF-1 levels were statistically significant. Analysis of the levels of polysaturated fatty acids in BPH
patients showed that MetS contributed to changes in the levels of these acids. We also analyzed the
relationship between the levels of fatty acids and diagnostic parameters for MetS. Particular abnormalities
were associated with single changes in the levels of fatty acids. In the diabetic patients, changes in the levels of
pentadecanoic acid, heptadecanoic acid and cis-11-eicosenoic acid were demonstrated. Our findings indicate
the necessity for further investigation concerning the levels of fatty acids and their impact on the development
of MetS, as well as the course and clinical picture of BPH.

INTRODUCTION
secondary to BPH [2, 5, 6]. MetS can be regarded as

Benign prostatic hyperplasia (BPH) belongs to the most
common urological diseases afflicting men over 50
years of age [1]. Its development is underlain by
metabolic disorders [2] and an inflammatory process in
the prostate gland [3, 4]. Numerous epidemiological
studies have emphasized the link between metabolic
syndrome (MetS) and prostatic enlargement that is

chronic inflammation of the body, which involves tissue
remodeling in such health problems as atherosclerosis,
diabetes, hypertension, and aging-related processes [7].
Since interleukin 8 (IL-8) is secreted in the body’s
response to changes in the level of oxidation of low
density lipoprotein (LDL) and changes in insulin levels,
decreased levels of high density lipoprotein (HDL) and
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increased levels of triglycerides (TG), observed in
MetS, are significantly associated with inflammation of
the prostate gland [8]. These factors may suggest the
connection between the processes underlying the deve-

lopment of MetS and BPH-related inflammation [9, 10].

Fatty acids (FA) play an important role in the human
innate immune system. Chemically classified as fatty
acids with one double bond, monounsaturated fatty
acids (MUFA) are considered as potentially reducing

the risk of MetS [11]. Polyunsaturated fatty acids
(PUFA) with two or more double bonds are essential for
the proper functioning of the body (including the cardio-
vascular system), and for generating the body's inflam-
matory response [12, 13]. The main mediators of inflam-
mation include arachidonic acid (AA) and linolenic acid
(LA) [14, 15], as well as their oxidation products—
prostaglandins (PGs), thromboxanes (TXs), underlie the
pathogenesis of atherosclerosis [16, 17], Figure 1.
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Figure 1. Cytosolic glucose enters glycolysis and pentose phosphate pathways. Pyruvate enters mitochondria where it is
converted into acetyl-CoA then used in TCA cycle. Excess citrate is transported from the mitochondria into cytosol. ATP citrate lyase (ACL)
converts the cytosolic citrate into acetyl-CoA that is converted into malonyl-CoA by acetyl-CoA carboxylase (ACC), the first committing
step of fatty acid (FA) synthesis. After FA synthesis, triacylglycerol (TAG) is synthesized in the endoplasmic reticulum (ER) via Kennedy
pathway and then accumulated in lipid bodies (LB). Acyl-CoA is used for acylation of glycerol-3- phosphate to form lysophosphatidic acid
(LPA) that is further acylated to form phosphatidicacid (PA). PA is dephosphorylated to form diacylglycerol (DAG), which is then acylated
to produce TAG catalyzed by DAG acyltransferase (DGAT). TAG can also be synthesized by phospholipid (PL):DAG acyltransferase (PDAT)
using PL and DAG as substrates. Ex novo FA accumulation also uses Kennedy pathway. FA is metabolized by B- oxidation pathway in
peroxisome. Abbreviations: 6PGL, 6-Phosphogluconolactonase; 6PDG, 6-Phosphogluconate dehydrogenase; o-KG, alpha-ketoglutarate;
DHAP, dihydroxyacetone phosphate; FAT1, FAT Atypical Cadherin 1; G3P, glyceraldehyde3-phosphate; G6PD, glucose-6-phosphate
dehydrogenase; GPD1, glycerol-3-phosphate dehydrogenase; GUT2, glycerol-kinase; Mfel, multifunctional enzyme 1; ME, malic enzyme;
OAA, oxaloacetate; PEP, phosphoenolpyruvate; Pex3 and Pex10, peroxisome biogenesis factor 3 and 10, respectively; Pox1 to Pox6, acyl-CoA
oxidases 1-6, respectively; TGL3 and TGL4, TAG lipase 3 and 4, respectively; PYC, pyruvatecarboxylase; TCA, tricarboxylic acid cycle. Yellow
box: schematic diagram of aerobic pathways for w-3 and w-6 FA biosynthesis. Abbreviations: C16E, EL1, C20E and D9E are C16/C18, C18,
C20/C22, A-9 elongases, respectively. D4D, D5D, D6D, D8D, D9D, D12D, D15D and D17D are A-4, A-5, A-6, A-8, A-9, A-12, A-15, and A-17"

desaturases, respectively.
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Table 1. Relationships between the studied parameters in BPH patients with and without MetS.

Patients with BPH and without MetS Patients with BPH and with MetS
Variables n=101 n=53 P
X | SD | Min | Maks X | SD | Min | Maks
Anthropometric parameters
Age [years] 67.15 7.10 46.00 80.00 66.62 7.22 44.00 90.00 0.551
Body weight [kg] 79.43 12.80 54.00 125.00 93.85 16.29 58.00 136.00 <0.001*
BMI [kg/m2] 27.28 6.01 19.44 71.62 31.36 5.30 22.10 48.08 <0.001*
WC [cm] 94.85 9.94 70.00 122.00 110.47 10.97 93.00 138.00 <0.001*
Biochemical parameters in serum
TG [mg/dl] 117.31 47.93 46.00 303.00 169.51 89.06 76.00 625.00 <0.001*
TCh [mg/dl] 198.98 44.18 102.00 322.00 194.89 49.85 109.00 361.00 0.473
HDL [mg/dl] 73.18 16.12 26.00 129.00 66.72 11.23 47.00 100.00 0.009*
LDL [mg/dl] 102.67 41.31 21.00 203.50 92.68 41.39 18.00 212.10 0.155
FPG [mg/d]] 90.47 21.39 47.60 161.00 97.20 37.03 26.40 156.00 0.001*
Hormonal parameters and proteins in serum
HOMA 3.05 3.29 0.01 18.81 4.12 5.03 0.02 21.72 0.488
DHEA [ug/mg] 0.56 0.92 0.00 6.57 0.62 1.14 0.00 7.89 0.941
E2 [ pg/ml] 49.32 24.48 11.89 123.56 46.87 29.79 11.00 176.03 0.290
SHGB nmol/mg] 45.98 17.16 11.90 102.68 40.58 17.22 8.19 107.30 0.016*
LH [mIU/ml] 8.65 6.06 0.90 38.53 7.26 4.86 1.11 27.18 0.181
TT [ng/ml] 4.38 1.99 0.71 10.15 4.15 2.12 1.23 11.13 0.280
TF [pg/ml] 7.85 6.22 0.20 34.83 6.82 7.58 0.08 48.62 0.146
IGF-1 [ng/ml] 82.85 39.31 33.81 361.90 91.27 28.84 39.07 169.90 0.017*
1 [pIU/ml] 15.03 11.82 0.10 59.55 17.06 14.86 0.00 62.88 0.589
Fatty acids in serum

C10:0 Capric acid [mg/ml] 0.03 0.01 0.01 0.06 0.03 0.01 0.01 0.07 0.021*
C12:0 Lauric acid [mg/ml] 0.01 0.00 0.00 0.03 0.01 0.00 0.00 0.02 0.282
C14:0 Myristic acid [mg/ml] 0.06 0.02 0.02 0.12 0.08 0.04 0.03 0.20 0.001*
C14:1 Myristolenic acid [mg/ml] 0.01 0.00 0.01 0.02 0.01 0.00 0.01 0.03 0.026*
C15:0 Pentadecanoid acid [mg/ml] 0.01 0.00 0.01 0.03 0.02 0.01 0.01 0.03 0.003*
[Cnll;’:nlc]“'lo'pe“tad“a“‘"d acid 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.629
C16:0 Palmitic acid [mg/ml] 1.88 0.44 1.07 2.91 2.17 0.69 1.27 4.31 0.021*
C16:1 Palmitoleic acid [mg/ml] 0.12 0.05 0.04 0.27 0.16 0.08 0.06 0.47 0.002*
C17:0 Heptadecanoid acid [mg/ml] 0.02 0.01 0.01 0.04 0.02 0.01 0.01 0.04 0.004*
C17:1 cis-10- Heptadecanoid acid 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.193
[mg/ml]

C18:0 Stearic acid [mg/ml] 0.69 0.13 0.45 1.11 0.73 0.16 0.44 1.06 0.263
C18:1n9 cis/trans Oleic acid [mg/ml] 1.53 0.54 0.58 3.14 1.87 0.76 0.95 4.44 0.010*
C18:1 Trans vaccinic acid [mg/ml] 0.14 0.04 0.06 0.29 0.17 0.06 0.09 0.33 0.009*
C18:2n6¢ Linolenic acid [mg/ml] 1.25 0.41 0.63 2.46 1.32 0.44 0.61 2.51 0.421
C18:3n6 Gamma linolenic acid 0.01 0.01 0.00 0.04 0.01 0.01 0.00 0.04 0.213
[mg/ml]

C18:3n3 Linolenic acid [mg/ml] 0.05 0.03 0.01 0.16 0.06 0.03 0.02 0.17 0.010*
C20:0 Arachidic acid [mg/ml] 0.01 0.01 0.00 0.06 0.01 0.00 0.00 0.01 0.417
C22:1 cisl1- Eicosenic acid [mg/ml] 0.01 0.00 0.01 0.03 0.02 0.01 0.01 0.03 0.026*
€20:2 cis-11-Eicosadienoic acid 0.01 0.00 0.01 0.03 0.01 0.01 0.01 0.03 0.249
[mg/ml]

C20:3n6 Eicosatrienoic acid [mg/ml] 0.09 0.03 0.02 0.17 0.10 0.04 0.03 0.18 0.087
C20:4n6 Arachidonic acid [mg/ml] 0.44 0.14 0.21 0.85 0.47 0.15 0.20 0.73 0.322
C20:5n3 EPA [mg/ml] 0.06 0.05 0.01 0.30 0.07 0.04 0.02 0.22 0.723
C22:0 Behenic acid [mg/ml] 0.01 0.00 0.00 0.02 0.01 0.00 0.00 0.01 0.445
C22:5w3 (docosapentaenate) 0.04 0.01 0.02 0.08 0.05 0.02 0.02 0.11 0.116
[mg/ml]

C22:6n3 DHA [mg/ml] 0.16 0.06 0.06 0.38 0.17 0.06 0.07 0.43 0.213
LTX A4 58S, 6R, 15R [pg/ml] 1.15 1.11 0.07 5.53 1.72 2.53 0.13 12.26 0.456
LTX A4 5S, 6R [pg/ml] 1.32 1.32 0.07 7.08 1.78 2.45 0.05 12.45 0.597

(BPH, benign prostatic hyperplasia; MetS, metabolic syndrome; n, number; X, arithmetic mean; SD, standard deviation; Min, mnimum; Max, maximum; p,
statistical significance; WC, waist circumference; BMI, Body Mass Index; TG, triglyceride; TCh, total cholesterol; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; FPG, fasting plasma glucose; HOMA, insulin resistance; TT, total testosterone; TF, free testosterone; SHBG, sex hormone binding globulin; E2,
estradiol; DHEAs, dehydroepiandrosterone sulfate; LH, luteinizing hormone; IGI-1, insulin like grow factor-1; I, insulin; *, statistical significant parameter).

WWWw.aging-us.com 1526 AGING



Interest in the metabolites of polyunsaturated fatty
acids, produced by the lipoxygenase (LOX) pathway,
has visibly grown in recent years. Particular attention is
paid to resolvins derived from eicosapen-tacnoic acid
(EPA) and docosahexaenoic acid (DHA). Resolvins are
lipid mediators of the inflammatory process in the body.
Their biosynthesis is significantly higher in tissues
affected by inflammation, and during such processes as
modulation of the immune response, hormone secretion,
angiogenesis, as well as cell growth, proliferation, and
adhesion (playing a key role in the development of
cancerous changes) [18]. No studies have been con-
ducted so far that assess the connection between fatty
acids and particular MetS parameters in patients with
BPH.

The purpose of our investigation was to analyze the
relationship between the serum levels of fatty acids and
their metabolites and the levels of the selected metabo-
lic and hormonal parameters in patients with BPH with
regard to concomitant MetS.

RESULTS

Our study demonstrated statistically significant
differences in the levels of the diagnostic parameters for
MetS (waist circumference, TG, HDL, FPG) between the
group with MetS and the group without this syndrome (p
< 0.001) (Table 1). The patients differed in terms of
hormone levels, but only the differences in the levels of
SHBG (p = 0.016) and insulin-like growth factor 1 (IGF-
1) (p = 0.017) were statistically significant. Analysis of
the levels of polysaturated fatty acids in the BPH patients
(both with and without MetS) showed that MetS contri-
buted to changes in the levels of the following acids:
C10:0 capric acid, C14:0 myristic acid, C14:1 myristoleic
acid, C15:0 pentadecanoic acid, C16:0 palmitic acid,
C16:1 palmitoleic acid, C17:0 heptadecanoic acid,
C18:1n9 cis/trans oleic acid, C18:1 transvaccenic acid,
C18:3n3 linolenic acid, and C22:1 cis-11-eicosenoic acid.
The ratio of C18:3n6 gamma-linolenic acid to C18:2n6¢c
linoleic acid was 0.01, while the ratio of C18:3n3
linolenic acid to C18:2n6c¢ linoleic acid was 0.05.

Table 2. Correlations between anthropometric and metabolic parameters and the levels of polyunsaturated fatty acids in BPH
patients with and without MetS.

Patients with BPH and METS Patients with BPH and without METS
Variables
Age | BY | we | TG | Tch | HDL | LDL | FPG | Age Body wcC TG TCh | HDL | LDL | FPG
weight weight
C10:0 Capric -0.317" | 0.312° | 0.257 | -0.026 | 0.046 | 0.288" | -0.008 | -0.071 | -0.195 0.086 -0.131 | 0.110 | 0.001 | -0.114 | 0.027 | 0
acid 0.022 | 0.024 | 0.065 | 0.852 | 0.748 | 0.039 | 0.958 | 0.618 | 0.058 0.410 0.205 0.291 0.996 | 0273 0.796 | 0.205
C12:0 Lauric 0.027 | -0.027 | -0.024 | 0.467" | 0.384" | -0.128 | 0.241 | 0.152 |-0.225"| 0.081 -0.064 | 0310 | 0.049 | -0.225" | 0.070 | 0.022
acid 0.849 | 0.851 | 0.863 |<0.001 | 0.005 | 0.366 | 0.088 | 0.282 | 0.029 0.436 0.541 0.002 0.638 | 0.029 0.506 | 0.833
C14:0 Myristic -0.041 | 0.078 | 0.115 | 0.697° | 0.548" | -0.118 | 0.304" | 0.314" | -0.378" | 0.150 -0.062 | 0.523" | 0.136 | -0.189 | 0.097 | 0.055
acid 0.775 | 0.581 | 0.419 |<0.001 | <0.001 | 0.406 | 0.030 | 0.024 | <0.001 | 0.148 0.551 | <0.001 | 0.188 | 0.067 0.351 | 0.595
Cl4:1 0.260 | -0.028 | -0.007 | 0.327" | 0.136 | -0.046 | -0.041 | 0.260 | -0.150 0.010 -0.107 | 0.210" | -0.072 | -0.190 | -0.045 01'09
Myristolenic :
acid 0.066 | 0.847 | 0.959 | 0.019 | 0.340 | 0.750 | 0.776 | 0.065 | 0.146 0.925 0.302 0.041 0.489 | 0.065 0.670 | 0.291
C15:0 -0.096 | 0.016 | -0.038 | 0.426" | 0.439" | -0.033 | 0.291" | 0.127 | -0.124 0.038 -0.181 | 0.099 0.103 | -0.061 0.101 | 0.065
Pentadecanoid
acid 0.498 | 0.912 | 0.788 | 0.002 | 0.001 | 0.817 | 0.038 | 0.368 | 0.230 0.715 0.080 0.340 | 0321 | 0.557 0.332 | 0.529
C15:1 cis-10- 0.287° | 0.010 | 0.041 | 0.086 | -0.030 | -0.111 | -0.053 | 0.006 | -0.090 | -0.087 | -0.105 | -0.006 | 0.042 | -0.050 0.069 | 0.002
pentadecanoid
acid 0.039 | 0.944 | 0.774 | 0.545 | 0.834 | 0.432 | 0.714 | 0.964 | 0.392 0.409 0.319 0.956 | 0.689 | 0.638 0.516 | 0.988
C16:0 Palmitic -0.151 | 0.198 | 0.206 | 0.736" | 0.600" | -0.210 | 0.383" | 0.418" | -0.323*|  0.098 -0.118 | 0.477° | 0.229° | -0.148 | 0.192 0.040
acid 0.286 | 0.158 | 0.142 | <0.001 | <0.001 | 0.136 | 0.006 | 0.002 | 0.001 0.347 0.256 | <0.001 | 0.025 | 0.151 0.063 | 0.697
Ci6:1 -0.157 | 0.232 | 0.282" | 0.773" | 0.539" | -0.227 | 0.271 | 0.523" | -0.306" | 0.143 -0.039 | 0.577° | 0.139 | -0.230° | 0.111 | 0.015
Palmitoleic
acid 0.266 | 0.098 | 0.043 |<0.001 | <0.001 | 0.106 | 0.054 |<0.001] 0.003 0.166 0.710 | <0.001 | 0.179 | 0.025 0.285 | 0.884
C17:0 -0.195 | 0.079 |<0.001| 0.477° | 0.414" | 0.006 | 0.239 | 0.199 | -0.133 0.041 -0.230" | 0.146 0.070 | -0.083 | 0.064 | 0.056
Heptadecanoid
acid 0.166 | 0.575 | 0.998 |<0.001 | 0.002 | 0.964 | 0.091 | 0.157 | 0.200 0.690 0.025 0.159 0.502 | 0.427 0.542 | 0.591
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Ci8:0Stearic | P | o1g0 | 0-160 | 0.136 | 0.456" | 0.521° | -0.128 | 0.419" | 02797 | -0.328" | 0055 | -0.184 | 0.269" | 0.198 | -0.005 | 0.145 |-0.084

acid p | 0.230 | 0.256 | 0.336 | 0.001 | <0.001 | 0.364 | 0.002 | 0.046 | 0.001 0.597 0.074 0.008 0.055 0.962 0.163 | 0.418

Cig:tnocis | P | o179 | 0223 |0258 | 0.786" | 05147 | -0.274" | 0.256 | 0.471° | -0.283° | 0.112 | -0.051 | 0.606" | 0.111 | -0.270° | 0.085 |-0.074

/trans Oleic acid
p | 0203 | 0.113 | 0.065 | <0.001 | <0.001 | 0.050 0.069 | <0.001] 0.005 0.278 0.625 <0.001 0.284 0.008 0.414 | 0.479

Cig:ttrans | P | o5y | 0200 | 0216 | 0.684° | 0.528" | -0.201 |0310° | 0.456" | -0.189 | 0.042 | -0.158 | 0495 | 0155 | -0.202° | 0.132 |-0.077

vaccinic acid
p | 0.066 | 0.154 | 0.124 | <0.001 | <0.001 | 0.152 0.027 | 0.001 0.066 0.688 0.126 <0.001 0.134 0.050 0.204 | 0.459

C18:2n6¢ P 0184 0.070 | 0.073 | 0.418" | 0.569" | -0.176 | 0.511" | 0.121 | -0.237" | 0.019 -0.191 0.302° 0.373" -0.035 | 0.337" | -0.030

Linolenic acid
p | 0.191 | 0.622 | 0.605 | 0.002 |<0.001 | 0.211 |<0.001| 0.391 0.021 0.853 0.064 0.003 <0.001 0.740 0.001 | 0.773

C18:3n6 gamma 0.1_29 0.281° | 0.206 | 0.516" | 0.261 -0.160 | 0.101 | 0.287" | -0.362" | 0.213" | -0.061 0.279" 0.216 0.012 0.157 | 0.001
linolenic acid

p | 0361 | 0.044 | 0.143 | <0.001 | 0.062 0.258 0.480 | 0.039 | <0.001 | 0.039 0.560 0.006 0.036 0.906 0.130 | 0.989

C18:3n3 P 0136 0.048 | 0.067 | 0.587" | 0.524" | -0.207 | 0.357" | 0.243 | -0.123 | -0.103 | -0.191 0.463" 0.144 -0.149 0.106 | 0.064

linolenic acid
p | 0.338 | 0.737 | 0.639 |<0.001 | <0.001 | 0.142 0.010 | 0.082 0.235 0.322 0.063 <0.001 0.164 0.148 0.308 | 0.536

€20:0 Arachidic | P | o004 | 0-161 | 0198 | 0.327° | 0235 | -0.104 | 0.124 | 0241 [ -0.177 | 20.190 | -0.259" | -0.031 | -0.257" | -0.027 |-0.260" | 0.107

acid
p | 0.871 | 0.281 | 0.183 | 0.025 | 0.111 0.487 0411 | 0.103 0.139 0.113 0.029 0.800 0.030 0.826 0.030 | 0.374

C22:1cistl- | P | gaps | 0161 |0.141 | 05867 | 0.535° | -0.057 | 0322 | 0411° | -0.160 | -0.054 | -0.268" | 0.419° | -0.009 | -0.134 | -0.049 | -0.002

eicosenic acid
p | 0.125 | 0.255 | 0.320 | <0.001 | <0.001 | 0.688 0.021 | 0.003 0.122 0.605 0.009 <0.001 0.933 0.195 0.637 | 0.988

C20:2 cis-11- P 0.043 | 0.123 | 0.474" | 0.349" | -0.166 | 0.211 | 0.299" | -0.218" | 0.053 | -0.184 | 0.281" | 0.296" -0.076 | 0.277° | -0.012

0.048

eicosadienoic

acid p 0737 | 0767 | 0390 | <0.001 | 0.012 | 0.245 | 0.142 | 0.033 | 0.037 | 0.616 | 0.079 0.007 0.004 0.474 | 0.008 | 0.912
C20:3n6 Pl 3'11* 0.342" | 0.246 | 0.299° | 0.344" | -0.152 | 0.331" | 0.188 | -0.282" | 0.252" | -0.060 | 0.241" | 0.263" -0.174 | 0.287" | -0.063
eicosatrienoic .

acid p | 0.025| 0.013 [ 0.079 | 0.031 | 0.013 | 0281 | 0.018 | 0.181 | 0.006 | 0.014 | 0.564 0.018 0.010 0.092 | 0.005 | 0.542
C20:4n6 P [ o300 | 0244 | 0.077 0.283" | 0.416° | 0.171 | 0.304° | 0200 | -0.167 | 0.144 | -0.120 | 0.073 0.222° 0.099 | 0.173 |-0.119

Arachidonic acid
p | 0.026 | 0.081 | 0.588 | 0.042 | 0.002 0.226 0.030 | 0.154 0.105 0.163 0.248 0.485 0.031 0.339 0.096 | 0.252

0(364 0.039 0(;90 0.181 | 0.323" | 0.047 | 0.281" | 0.070 | 0.005 | -0.041 | -0.079 -0.101 -0.064 0.226" | -0.139 | 0.187
C20:5n3 EPA : :

p | 0.653 | 0.784 | 0.526 | 0.199 | 0.020 0.742 0.046 | 0.622 | 0.963 0.695 0.445 0.328 0.537 0.028 0.180 | 0.070

C22:5w3 P 01‘ 4g | 0-065 0(;34 0.453" | 0.503" | -0.052 | 0.380" | 0.264 | -0.265" | -0.010 | -0.268" | 0.299" | 0.262" -0.055 | 0.230" | 0.044
(docosapentaena : :
te) p | 0294 | 0647 | 0810 | 0.001 |<0.001| 0.715 | 0.006 | 0.059 | 0.009 | 0.921 0.009 0.003 0.010 0.596 | 0.025 | 0.674
P 01'19 0.061 | 0.002 | 0.303° | 0.391" | -0.150 | 0.346" | 0.176 | -0.038 | 0.021 | -0.118 0.023 0.078 0.006 | 0.070 | 0.101
C22:6n3 DHA .

p | 0.400 | 0.666 | 0.990 | 0.029 | 0.004 0.287 0.013 | 0.212 | 0.717 0.840 0.255 0.826 0.450 0.951 0.500 | 0.330

LTX A4 5S, 6R, P 0267 0.220 | 0.182 | 0.102 | -0.040 | -0.056 | -0.076 | -0.066 | -0.295" | 0.297" | 0.242" 0.007 0.067 -0.125 0.111 |-0.015

15R
p | 0.055 | 0.117 | 0.196 | 0.473 | 0.780 0.694 | 0.598 | 0.644 | 0.004 0.004 0.019 0.947 0.520 0.228 0.289 | 0.883

0.306" | 0218 | 0185 | 0.037 | -0.034 | -0.032 | -0.029 | -0.198 | -0.239" | 0.261° | 0.241° | -0.005 | 0.048 | -0.111 | 0.088 |-0.016
LTX A4 58, 6R -

p |0.028 | 0.121 | 0.190 | 0.797 | 0.812 0.822 0.837 | 0.159 | 0.020 0.011 0.019 0.961 0.648 0.287 0.402 | 0.876

(BPH, benign prostatic hyperplasia; METS, metabolic syndrome; p, statistical significance; P, correlation coefficient; WC, waist circumference; BMI, Body Mass
Index; TG, triglyceride; TCh, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; FPG, fasting plasma glucose; *, statistical significant
parameter).
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The study also involved statistical analysis of the
correlations between anthropometric, metabolic (Table
2), and hormonal parameters (Table 3) in BPH patients
both with and without MetS. In the patients with MetS,
serum TG levels correlated positively with the levels of
the following acids: C12:0, C14:0, C15:0, C16:0,
Clé6:1, C17:0, C18:0, Cl18:1n9, C18:1, C18:2n6,
C18:3n6, C18:3n3, C22:1, C20:2, C20:3n6, C20:4n6,
C22:5w3, C22:6n3. Similar correlations were observed
for the patients without MetS, except for C17:0, which
correlated negatively, and C15:0, C18:3n3, C20:4n6,
C22:6n3, which did not show any correlation. HDL

acids correlated also with LDL levels, which were
lower in the patients with MetS, but the difference was
not statistically significant.

We also analyzed the relationship between the levels of
fatty acids and diagnostic parameters for MetS (Table
4). Particular abnormalities were associated with single
changes in the levels of fatty acids. In the diabetic
patients, changes in the levels of pentadecanoic acid,
heptadecanoic acid, trans-vaccenic acid, and cis-11-
eicosenoic acid were demonstrated. Changes in the
levels of arachidic acid—5(S), 6(R), 15(R)-LXA4 and

levels in the MetS patients correlated positively only
with C10:0 and negatively with C18:1n9. Some of the

5(S), 6(R)- LXA4—were noted in the patients with
central obesity.

Table 3. Correlations between hormonal parameters and the levels of polyunsaturated fatty acids in BPH patients with and
without MetS.

Patients with BPH and METS Patients with BPH and without METS
Variables
DHEA | E2 |SHBG| LH TT TF IGF1 | DHEA | E2 |SHBG| LH TT TF | IGF1 1
P | 0.055 | 0.132 | -0.273 | -0.014 | -0.151 | 0.367" | -0.263 | 0.036 | -0.038 | 0.039 | -0.125 |-0.212" | 0.010 |-0.004 | -0.024 | -0.128
C10:0 Capric acid
p| 0.69 | 0.350 | 0.050 | 0.920 | 0.285 | 0.007 | 0.059 | 0.825 ] 0.714 | 0.706 | 0.228 | 0.039 | 0.925 | 0.969 | 0.821 | 0.256
P | 0.178 [-0.095 | -0.230 | 0.030 | -0.243 | -0.153 | -0.194 | 0.140 | 0.042 | 0.111 |-0.221" | -0.119 | -0.095 | -0.031 | -0.030 | 0.111
C12:0 Lauric acid
p| 0207 | 0.501 | 0.101 | 0.833 | 0.083 | 0.279 | 0.168 | 0.383 | 0.689 | 0.288 | 0.032 | 0.255 | 0.360 | 0.767 | 0.775 | 0.329
P | 0.068 |-0.046 |-0.378"|-0.003 | -0.267 | 0.082 |-0.213| 0.062 | 0.125 | 0.147 |-0.272" | -0.096 | 0.004 | 0.088 | 0.063 | 0.191
C14:0 Myristic acid
p | 0.630 | 0.746 | 0.006 | 0.986 | 0.056 | 0.562 | 0.129 | 0.701 | 0.229 | 0.155 | 0.008 | 0.356 | 0.973 | 0.396 | 0.541 | 0.090
P | 0.183 [-0.032 | -0.329" | -0.025 | -0.308" | 0.160 |-0.137 | 0.049 | 0.166 | 0.058 | -0.141 | -0.091 | 0.125 | 0.150 | 0.153 | 0.060
C16:0 Palmitic acid
p| 0.193 | 0.820 | 0.017 | 0.859 | 0.026 | 0.256 | 0.332 | 0.761 | 0.108 | 0.579 | 0.174 | 0.380 | 0.227 | 0.147 | 0.138 | 0.598
P | 0.304" | -0.062 | -0.283" | -0.123 | -0.375" | 0.004 | -0.158 | -0.023 | 0.086 | -0.024 | -0.100 | -0.070 | 0.077 | 0.089 | 0.220" | 0.024
C18:0 Stearic acid
p | 0.028 | 0.660 | 0.042 | 0.385 | 0.006 | 0.975 | 0.263 | 0.885 | 0.409 | 0.819 | 0.337 | 0.500 | 0.457 | 0.389 | 0.032 | 0.832
C18:1n9 cis/trans P | 0.196 | 0.015 |-0.305" | 0.048 | -0.273 | 0.231 |-0.149 | 0.059 | 0.170 | 0.096 | -0.132 | -0.136 | 0.076 | 0.115 | 0.180 | 0.045
Oleic acid
p | 0.165 | 0.915 | 0.028 | 0.733 | 0.050 | 0.100 | 0.293 | 0.714 | 0.099 | 0.355 | 0.202 | 0.189 | 0.464 | 0.267 | 0.082 | 0.694
C18:1 trans vaccinic | F 0.382" | -0.025 | -0.276" | -0.006 | -0.256 | 0.161 |-0.145| 0.053 | 0.210" | 0.084 | -0.037 | -0.068 | 0.098 | 0.164 | 0.266" | 0.028
acid
p | 0.005 | 0.861 | 0.048 | 0.968 | 0.067 | 0.254 | 0.304 | 0.744 | 0.042 | 0.416 | 0.725 | 0.515 | 0.347 | 0.113 | 0.009 | 0.807
C18:2n6¢ Linolenic | P | 0-128 | -0.015 -0.283" | -0.150 | -0.284" | 0.080 | -0.129 | -0.051 | 0.072 |-0.009 | -0.080 | -0.090 | 0.059 | 0.062 | 0.310" | -0.022
acid
p | 0365 | 0.915 | 0.042 | 0.290 | 0.041 | 0.573 | 0.363 | 0.751 | 0.487 | 0.931 | 0.443 | 0.385 | 0.573 | 0.548 | 0.002 | 0.848
C18:3n6 gamma P | 0.138 [-0.029 | -0.283" | 0.056 | -0.225 | 0.117 |-0.262 | -0.020 | -0.005 | 0.127 |-0.213" | 0.003 | 0.037 | 0.073 |-0.004 | 0.053
linolenic acid
p | 0328 | 0.839 | 0.042 | 0.693 | 0.109 | 0.411 | 0.060 | 0.900 | 0.965 | 0.220 | 0.038 | 0.978 | 0.720 | 0.484 | 0.967 | 0.643
P | 0.020 |-0.002 |-0.314"|-0.131|-0.289" | 0.117 |-0.122 | 0.041 | 0.002 | 0.009 | -0.130 | -0.111 | -0.176 | -0.040 | 0.213" | 0.009
C18:3n3 linolenic acid
p | 0.890 | 0.987 | 0.024 | 0.356 | 0.038 | 0.409 | 0.390 | 0.798 | 0.982 | 0.929 | 0.208 | 0.283 | 0.088 | 0.700 | 0.038 | 0.933
P | -0.109 | 0.183 | -0.244 | -0.013 | -0.322" | <0.001 | -0.155 | 0.173 | -0.069 | -0.044 | -0.122 | 0.025 |-0.139 | -0.098 | -0.077 | -0.131
C20:0 Arachidic acid
p | 0467 | 0.218 | 0.099 | 0.932 | 0.027 | 0.998 | 0.298 | 0.306 | 0.569 | 0.717 | 0.310 | 0.834 | 0.249 | 0.418 | 0.524 | 0.311
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P|0.316" | 0.082 | -0.243 -0.082 -0.285" 0.193 | -0.189 | 0.058 | 0.210" | -0.024 | -0.129 | 0.016 | -0.026 | 0.121 | 0.247" | -0.042
C22:1 cisl1-
eicosenic acid p| 0.023 | 0.564 | 0.083 0.564 0.040 0.171 | 0.181 | 0.719 | 0.041 | 0.816 | 0.213 | 0.881 | 0.805 | 0.242 | 0.016 | 0.710
p| 0.086 | 0.755| 0.562 0.221 0.230 0.205 | 0.140 | 0.880 | 0.206 | 0.999 | 0.376 | 0.615 | 0.451 | 0.248 | 0.180 | 0.753
C20:2 cis-11- P|0.317" 0.1-38 -0.234 -0.049 -0.256 -0.012 [ -0.188 | 0.032 | 0.192 | -0.032 | -0.062 | -0.084 | 0.082 | 0.162 | 0.217" | 0.113
eicosadienoic acid
p| 0.023 | 0.335| 0.099 0.734 0.070 0.931 | 0.188 | 0.842 | 0.067 | 0.765 | 0.557 | 0.428 | 0.437 | 0.123 | 0.038 | 0.326
C20:3n6 P|0.294" | 0.048 | -0.307" -0.080 -0.366" 0.021 | -0.155| 0.044 | 0.117 | -0.029 | -0.126 | -0.106 | 0.057 | 0.145 | 0.166 | 0.107
eicosatrienoic acid
p| 0.035 [ 0.734 | 0.027 0.572 0.008 0.885 | 0.274 | 0.782 ] 0.258 | 0.783 | 0.225 | 0.309 | 0.583 | 0.162 | 0.109 | 0.344
C20:4n6 P|0.305" | 0.056 | -0.284" -0.181 -0.307" 0.132 | -0.132 | 0.018 | 0.034 | 0.036 | -0.089 | -0.027 | 0.081 | 0.005 | 0.205" | -0.049
Arachidonic acid
p| 0.028 | 0.693 | 0.042 0.200 0.027 0.351 | 0.352 | 0.912 ] 0.744 | 0.731 | 0.390 | 0.793 | 0.438 | 0.958 | 0.047 | 0.663
-0.038 | 0.143 | -0.089 -0.349° -0.172 0.061 | -0.103 | 0.068 | -0.025 | 0.008 | -0.198 | 0.291" | -0.113 | -0.046 | 0.014 | 0.057
C20:5n3 EPA
pl 0.789 | 0.311| 0.531 0.011 0.224 0.668 | 0.468 | 0.671 | 0.808 | 0.941 | 0.054 | 0.004 | 0.276 | 0.655 | 0.896 | 0.618
C22:5w3 P| 0.241 |0.044 | -0.082 -0.172 -0.169 0.179 | -0.207 | 0.024 | 0.131 | <0.001 | -0.092 | -0.052 | 0.078 | 0.120 | 0.139 | -0.036
(docosapentaenate)
p| 0.086 | 0.755| 0.562 0.221 0.230 0.205 | 0.140 | 0.880 | 0.206 | 0.999 | 0.376 | 0.615 | 0.451 | 0.248 | 0.180 | 0.753
0.236 | 0.016 | -0.081 -0.275" -0.152 0.096 | -0.013 | -0.061 | -0.086 | -0.028 | -0.192 | 0.174 | -0.150 | -0.095 | 0.208" | 0.076
C22:6n3 DHA
pl 0.092 [ 0910 | 0.567 0.048 0.282 0.498 | 0.926 | 0.705 | 0.407 | 0.786 | 0.062 | 0.091 | 0.146 | 0.359 | 0.043 | 0.500
LTX A4 58, 6R, P|-0.048 | 0.115| -0.221 0.035 -0.148 -0.041 | -0.097 | 0.422" | -0.034 | -0.077 | -0.351" | -0.136 | -0.202 | -0.062 | -0.046 | 0.009
15R
p| 0.738 | 0.417| 0.115 0.807 0.294 0.775 | 0.495 | 0.006 | 0.745 | 0.462 | 0.001 | 0.190 | 0.051 | 0.551 | 0.660 | 0.935
-0.083 | 0.055| -0.259 0.065 -0.153 -0.083 | -0.092 | 0.239 | -0.007 | -0.025 | -0.348" | -0.130 | -0.184 | -0.031 | -0.048 | 0.045
LTX A4 58S, 6R
p| 0.559 [ 0.701 | 0.064 0.647 0.279 0.560 | 0.515 | 0.132 ] 0.945 | 0.808 | 0.001 | 0.213 | 0.076 | 0.767 | 0.648 | 0.691

(BPH, benign prostatic hyperplasia; METS, metabolic syndrome; p, statistical significance; P, correlation coefficient; TT, total

Table 4. Relationships between the levels of fatty acids and diagnostic MetS parameters in patients with BPH.

testosterone; TF, free
testosterone; SHBG, sex hormone binding globulin; E2, estradiol; DHEAs, dehydroepiandrosterone sulfate; LH, luteinizing hormone; 1GI-1, insulin like
grow factor-1; |, insulin; *, statistical significant parameter).

WwC WwC No-statin Statin drugs No- diabetes Diabetes No- Hypertension
<94 cm =94 cm drugs —48 =116 —38 hypertension —57
Variables n=53 n=101 P n=106 "= P n= n= P n=97 n= P
X SD X SD X SD X SD X SD X SD X SD X SD
C15:0
Pentadecanoid acid 0.016 0.005 | 0.016 | 0.006 | 0.627 | 0.015 | 0.006 | 0.017 | 0.005 | 0.097 | 0.015 | 0.005 | 0.018 | 0.007 | 0.032" | 0.016 | 0.006 | 0.015 | 0.006 | 0.287
[mg/ml]
C17:0
Heptadecanoid acid 0.019 0.005 | 0.019 | 0.007 | 0.488 | 0.019 | 0.006 | 0.020 | 0.006 | 0.092 | 0.018 | 0.005 | 0.022 | 0.008 | 0.014" | 0.019 | 0.006 | 0.019 | 0.006 | 0.342
[mg/ml]
C18:1
Trans vaccinic acid 0.148 0.049 [ 0.150 | 0.051 0.885 [ 0.147 | 0.052 | 0.155 | 0.046 | 0.238 | 0.143 | 0.045 | 0.170 | 0.061 | 0.033 0.156 | 0.053 | 0.139 | 0.045 | 0.081
[mg/ml]
C20:0
Arachidic acid 0.009 0.008 | 0.007 | 0.002 | 0.044" | 0.008 | 0.006 | 0.007 | 0.002 | 0.414 | 0.008 | 0.006 | 0.007 | 0.002 | 0.325 | 0.007 | 0.002 | 0.009 | 0.008 | 0.135
[mg/ml]
C22:1
cis11- eicosenic acid 0.016 0.005 [ 0.015 | 0.005 | 0.588 | 0.015 | 0.005 | 0.016 | 0.005 | 0.105 | 0.0I5 | 0.005 | 0.017 | 0.006 | 0.014 0.016 | 0.005 | 0.014 | 0.005 | 0.081
[mg/ml]
"'“"[:l:?;;‘g“' ISR | 0951 | 0988 | 1562 | 2019 | 0.031° | 1177 | 1407 | 1762 | 2344 | 0202 | 1353 | 1.777 | 1372 | 1.741 | 0745 | 1.476 | 2.023 | 1.143 | 1.139 | 0.693
”"l@rﬁ"’“ 1048 | 1.097 | 1.704 | 2,050 | 0.026 | 1.355 | 1.603 | 1.772 | 2,198 | 0332 | 1456 | 1.636 | 1.572 | 2303 | 0.887 | 1.548 | 1.996 | 1.368 | 1.423 | 0.953
(X, arithmetic mean; SD, standard deviation; p, statistical significance; n, number; WC, waist circumference; *, statistical significant parameter)
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DISCUSSION

Analysis of fatty acids can provide valuable information
on MetS in BPH patients. To date, pieces of research in
this field have assessed the serum levels of fatty acids in
patients with MetS with regard to various diseases, such
as chronic renal disease [19], systemic lupus [20],
arterial stiffness [21], and non-alcoholic fatty liver
disease (NAFLD) [22]. Studies of prostatic diseases
have involved comparative analysis of biochemical and
metabolic parameters and the levels of fatty acids in
BPH and prostate cancer [23 - 26]. However, the
relationship between the levels of fatty acids and MetS
in BPH have not so far been described.

Our investigation of metabolic and hormonal
parameters in BPH patients with regard to concomitant
MetS revealed statistically significant differences in
terms of SHBG and MetS parameters. Produced mainly
in the liver, SHBG is a glycoprotein that binds and
transports sex hormones [27]. This protein has the
strongest affinity for dihydrotestosterone (DHT), and
influences its bioavailability. After 40 years of age, the
level of SHBG gradually raises by approximately 1%
per year, thus leading to a decline in testosterone
activity. It can increase hypogonadism, which shows the
relationship between SHBG and BPH. Another
parameter whose levels statistically significantly differ-
ed between the groups was IGF-1. This hormone,
produced in the liver, is similar to insulin in structure. It
is believed to be involved in initiating signaling
pathways associated with the growth and proliferation
of the prostate cells [28, 29]. Ryt et al. [29] reported that
the levels of IGF-1 in BPH patients without MetS
correlated with the parameters of their lipid profiles.
Moreover, an excess of insulin in the blood boosts the
activity of the sympathetic nervous system, thus
increasing the prostate smooth muscle tone [30, 31].
Disturbances of insulin secretion have an impact on the
development of BPH, however the nature of this
relationship has not been fully elucidated [32, 33]. Our
study, on the other hand, confirmed that in the group
without MetS, the level of IGF-1 correlated positively
with the levels of fatty acids, namely stearic acid
(C18:0), trans vaccenic acid (C18:1), linoleic acid
(C18:2n6¢), linolenic acid (C18:3n3), eicosanoic acid
(C22:1cisll), eicosadienoic acid  (C22:2cisll),
arachidonic acid (C20:4n6), and docosahexaenoic acid
(DHA) (C22:6n3). We also noted substantially higher
serum levels of selected saturated fatty acids (SFA):
C14:0, C15:0, C16:0, C17:0; monounsaturated fatty
acids: Cl14:1, Clé6:1, C18:1n9, Cl18:1; and poly-
unsaturated fatty acids: C18:3n6 in the patients with
MetS compared with those without this syndrome. This
observation suggests that elevated levels of fatty acids
may contribute to metabolic disorders in BPH patients.

Furthermore, we demonstrated correlations between
biochemical and hormonal parameters and fatty acids.
Fatty acids in serum have a profound effect on
metabolism. Plasma TG levels can rise depending on
the levels of saturated fatty acids, and drop contingent
on the levels of polyunsaturated fatty acids. The
population study conducted by Lopez-Alvarenga et al.
[34] revealed a strong association between serum fatty
acid and TG levels. Polyunsaturated fatty acids (20:36,
20:406, 20:5 ®3, 22:503) correlated negatively with
serum TG levels, while palmitic acid (C16:0) and
linolenic acid (C18:3w3) correlated positively. This
study also confirmed that higher serum levels of
saturated fatty acids contribute to the development of
MetS, which is supported by Warensjo et al. [35], who
carried out the population-based cohort study of aging
men and found that serum fatty acid levels were related
to MetS.

In our study, the majority of fatty acids correlated
positively with their serum lipid fractions in MetS
patients. A strong relationship between fatty acid and
serum TG levels in patients with BPH indicates a
potential role of these acids in the development of
MetS. Similarly to us, Lopez-Alvarenga et al. [34] did
not notice any connection between fatty acids, the
HOMA-IR index, and insulin levels in the patients with
and without MetS. Kotronen et al. [36] analyzed the
levels of fatty acids in serum lipid fractions. These
researchers provided evidence for the -correlations
between the selected fatty acids and the HOMA-IR
index. They also indicated that the levels of specific
fatty acids (mainly C16:0 and C18:1) are precise
diagnostic markers of insulin resistance. In our study,
the MetS patients had higher insulin levels and the
HOMA-IR index, but these results were not statistically
significant. We did not note any link between fatty acid
levels and the HOMA-IR index in the patients with or
without MetS. Insulin levels positively correlated only
with the isomers of lipoxin A4 (LXA4)—5(S), 6(R),
15(R)-LXA4—in the patients with MetS. Novgorod-
tseva et al. [37] noticed the increased levels of poly-
unsaturated fatty acids, and the decreased levels of
saturated fatty acids and proinflammatory eicosanoids
in MetS patients with disturbed glucose-insulin homeo-
stasis and those with insulin resistance. Based on
experimental animal models, the authors demonstrated
that LXA4 may be a factor that alleviates inflammatory
response associated with the accumulated adipose
tissue, and thus can prevent insulin resistance and MetS
[38, 39]. The study of the Chinese middle-age
population [40], on the other hand, revealed that people
with lower serum LXA4 levels were more likely to go
down with MetS than those with higher lipoxin levels.
Our observation was different, which may arise from
the differing methods employed to determine serum
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LXA4 levels. Pickens et al. [41] reported elevated
LXA4 levels in obese people, which corresponds with
our findings. We also found that in MetS patients,
LXA4 levels correlated not only with the HOMA-IR
index and insulin levels, but also with anthropometric
parameters. In the group of patients without MetS, we
observed statistically significantly lower values of body
mass and waist circumference, which correlated with
the wvalues obtained for 5(S), 6(R), 15(R)-LXA4.
Obesity and aging are known to be factors in chronic
mild inflammation, which additionally contributes to
type 2 diabetes and hypertension. Adipose tissue,
regarded as an additional organ showing immune
activity, can entail chronic mild inflammation, thus
promoting the development of insulin resistance, type 2
diabetes, and MetS [42]. Moreover, it is difficult to
unambiguously determine secondary effects of changes
in fatty acids and their connection with BPH. The
available literature shows that both BPH and metabolic
disorders may be related to the activity of the
inflammatory process. In our further research, we plan
to analyze the activity of the inflammatory process in

the prostate cells of men without BPH [25, 43].

The contribution of the remaining hormones to BPH has
not been clearly defined. Many authors have examined
the effects of testosterone (T), DHT, and estrogen (E)
upon BPH and LUTS. Their results, however, are not

consistent [44-46].

The studies conducted so far have not demonstrated an
increase in the risk of BPH or LUTS as a result of
elevated serum testosterone levels. Although replace-
ment testosterone therapy may cause exacerbation of
these conditions [47, 48], higher serum testosterone
levels cannot be regarded as the cause of BPH. The
response of the prostate to estrogen depends on many
variables, such as a dose, the time of exposure, and the
presence of androgens [49]. Higher doses of estrogen
can even lead to prostate cancer [50]. The relationship
between the levels of dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulphate (DHEAS) and the
levels of testosterone and estradiol explains their
contribution to the development of LUTS and BPH [51].

A conclusion that can be drawn from the study is that
changes in the levels of fatty acids influence bio-
chemical and hormonal parameters in BPH patients.
Analysis of patients with BPH showed that MetS
contributed to changes in their levels of polysaturated
fatty acids (particular abnormalities were associated
with single changes). The levels of pentadecanoic,
heptadecanoic, and cis-11-eicosenoic acids were higher
in diabetic patients, however even within this group
differences were observed. It is also worth emphasizing

that changes in the levels of polysaturated fatty acids,
suggesting atherosclerotic changes, were demonstrated
in all patients involved in the study—both with and
without MetS. Our findings indicate the necessity for
further investigation concerning the levels of fatty acids
and their impact on the development of MetS, as well as
the course and clinical picture of BPH. It would be
reasonable to detect early symptoms of BPH, especially
in patients with diagnosed MetS, as the prevention of
urological surgery.

MATERIALS AND METHODS

The study involved 154 men with BPH, aged between
46 and 80 years (mean + SD: 67.15 + 7.10), qualified
for transurethral resection of the prostate (TURP) in the
Clinic of Urology and Urologic Oncology, Pomeranian
Medical University in Szczecin, due to symptomatic
BPH. Diagnosis was based on a high International
Prostate Symptom Score (IPSS), a decreased maximum
flow rate (Qmax), long lasting symptoms BPH or
urinary retention. Patients with cancer diseases, active
alcohol disease, and thyroid disease were excluded from
the study. Neither prostate volume nor PSA level were
routinely measured in patients before admitting them for
surgery. Therefore, we decided not to compare these pa-
rameters between the study group and the control group.

The study was approved by the Bioethical Commission
of the Pomeranian Medical University in Szczecin
(approval number KB-0012/123/14). The participants
gave informed written consent to take part in it.
Anthropometric parameters, including weight, height,
age, and waist circumference, were measured for all
patients. Additionally, the participants completed a
questionnaire concerning demographic data and chronic
diseases. The men were divided into two groups: those
without (n = 101) and those with MetS (n = 53). MetS
was diagnosed on the basis of the International Diabetes
Federation (IDF) 2005 criteria [52]. The patients
included in the MetS group had central obesity > 94cm,
and at least two of the following abnormalities:
triglycerides > 150mg/dl or treatment for dyslipidemia;
HDL cholesterol < 40mg/dl or treatment for
dyslipidemia; blood pressure > 130/85mmHg or
treatment for hypertension; fasting glycemia >
100mg/dl or treatment for type 2 diabetes. All
components of MetS were considered individually.

The body mass index (BMI) was determined:
overweight was diagnosed for BMI between 25 and
29.99 kg/m2, and obesity for BMI > 30 kg/m2.
Additionally, the insulin resistance (HOMA-IR) index
was calculated for nondiabetic patients according to the
formula: fasting glucose (mmol/l) % fasting insulin
(wU/ml) / 22.5 [53].
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Blood serum analysis

9-ml blood samples were taken for laboratory analysis
from a cubital vein on an empty stomach between 7.30
am and 9.00 am. The blood was collected using tubes
with clot activator and gel separator, and then
centrifuged. The serum levels of fasting plasma glucose
(FPG) in nondiabetic men, total cholesterol (TCh), low
density lipoprotein (LDL), highdensity lipoprotein
(HDL) cholesterol, and triglycerides were determined
using a spectrophotometric method with commercial
reagent kits (Biolabo, Aqua-Med, £.6dz, Poland).

The ELISA method with commercial reagent kits (DRG
International, Germany) was employed to determine the
serum levels of the selected hormones—total
testosterone (TT), free testosterone (FT), insulin (I),
DHEAS, estradiol (E2), luteinizing hormone (LH),
insulin-like growth factor 1 (IGF-1) and sex hormone-
binding globulin (SHBG).

Isolation of fatty acids

Serum was obtained from blood clots centrifuged for 10
min at 1200 G. Fatty acids were extracted by the
method of Folch [54]. A 0.5 mL serum sample was
saponified with 1 mL of 2 mol/L KOH methanolic
solution at 70 °C for 20 min, and then methylated with 2
mL of 14% boron trifluoride in methanol under the
same conditions. Next, 2 mL of n-hexane and 10 mL of
saturated NaCl solution were added. 1 mL n-hexane
was taken for analysis.

Analysis of fatty acid methyl esters

Gas chromatography was performed using the Agilent
Technologies 7890A GC System (a SUPELCOWAX™
10 Capillary GC Column (15 mm x 0.10 mm, 0.10 um);
Supelco, Bellefonte, PA, United States). The following
chromatographic conditions were applied: the initial
temperature was 60 °C for 0 min; it rose to 160 °C (0
min) at a rate of 40°C/min; next, it rose to 190 °C (0.5
min) at a rate of 30 °C/min, and next to 230 °C (2.6
min) at a rate of 30 °C/min. The whole analysis lasted
approximately 8 min, and the gas flow rate was 0.8
mL/min with hydrogen used as the carrier gas. Fatty
acids were identified by comparing their retention times
with those of commercially available.

Statistical analysis

Statistical analysis was performed using Statistica 12
software (StatSoft, Inc. Tulsa, OK, USA). The study
sample was characterized by basic statistics (mean,
standard deviation, minimum and maximum values).
The normality of the distribution was assessed using the

Shapiro-Wilk test. Student’s f-test and the Mann-
Whitney U test were applied to determine differences
between groups. Correlations between the quantitative
variables were calculated using Pearson’s correlation
coefficient. The level of significance was set at p <
0.005.

Limitations of the study

The limitation of the study is the fact that selected
parameters were only assessed in BPH patients. This,
however, resulted from the premises of our research —
we had planned to analyze the levels of selected fatty
acids exclusively in patients with BPH with regard to
MetS, as BPH in men from the studied age bracket can
be asymptomatic. It should be emphasized that all
participants receiving treatment for BPH — both the
study group and the control group — were patients
deviating from the healthy population. Another
limitation is the lack of specific information regarding
outcomes of TURP. This, however, was not the target of
this study. Our findings motivate us to conduct further
comparative analysis of the same parameters in patients
without BPH.
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