Clin Investig Arterioscler. 2020;32(4):135-143

CLNICA E INVESTIGACION EN

ARTERIOSCLEROSIS

Sociedad
Espariola de
Arteriosclerosis

www.elsevier.es/arterio

ORIGINAL ARTICLE

The association of decreased testosterone with n

Check for

atherosclerosis and inflammation in male predialysis RS
patients with chronic kidney disease

Harun Aydemir?, Ibrahim Guney®, Cevdet Duran“*, Vedat Gencer¢,
Sahabettin Akbayrak¢, Huseyin Kurku®, Yavuz Sultan Selim Akguls,
Mustafa Can", Samil Ecirli®

@ The Division of Rheumatology, The Department of Internal Medicine, Meram Medical School of Necmettin Erbakan University,
Konya, Turkey

b The Division of Nephrology, The Department of Internal Medicine, Konya Health Application and Research Center, University of
Health Sciences, Konya, Turkey

¢ The Division of Endocrinology and Metabolism, The Department of Internal Medicine, Medical School of Usak University, Usak,
Turkey

d The Division of Nephrology, The Department of Internal Medicine, Yozgat State Hospital, Yozgat, Turkey

€ The Department of Radiology, Konya Health Application and Research Center, University of Health Sciences, Konya, Turkey

f The Department of Biochemistry, Konya Health Application and Research Center, University of Health Sciences, Konya, Turkey
€ The Department of Internal Medicine, Konya Health Application and Research Center, University of Health Sciences, Konya,
Turkey

h The Division of Endocrinology and Metabolism, The Department of Internal Medicine, Meram Medical School of Necmettin
Erbakan University, Konya, Turkey

Received 17 November 2019; accepted 27 January 2020
Available online 11 April 2020

KEYWORDS Abstract

Atherosclerosis; Purpose: To investigate the frequency of hypogonadism and its relationship to inflammation and
Hypogonadism; carotid intima-media thickness (CIMT) in male patients with predialysis chronic kidney disease
Inflammation; (CKD).

Chronic kidney Methods: A total of 105 patients with CKD, 55 (52.4%) as stage 3, 33 (31.4%) as stage 4 and
disease; 17 (16.2%) as stage 5, were enrolled into the study. Total testosterone (TT) and free testosterone
Predialysis (FT), interleukin 6 (IL-6), C-reactive protein (CRP) levels, and CIMT were measured.

Results: According to TT and FT, hypogonadism was detected in 18 (17.1%) and 22 (20.9%)
patients, respectively. There was no difference in terms of TT and FT, CIMT, CRP and IL-6
between the stages of CKD. According to TT, the patients with hypogonadism had significantly
higher CRP and high-density lipoprotein cholesterol (HDL-cholesterol) levels (p=0.004 and
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Introduction

p=0.005, respectively). There was no significant difference in other parameters. According
to FT, the patients with hypogonadism had significantly higher CRP (p=0.017), and TT were
negatively correlated with body mass index (BMI), waist circumference (WC), hip circumfer-
ence, and CRP levels. FT was negatively correlated with age, waist circumference, systolic
blood pressure, diastolic blood pressure (DBP) and CRP.

Conclusions: The frequency of hypogonadism was found around 17-21% among the patients
with CKD. Despite similar IL-6 and CIMT levels, CRP was found to be higher in the patients with
hypogonadism. We consider that further studies with larger populations are needed to elucidate
the entity.

© 2020 Sociedad Espanola de Arteriosclerosis. Published by Elsevier Espafa, S.L.U. All rights
reserved.

Asociacion entre el descenso del nivel de testosterona y aterosclerosis e inflamacién
en varones con insuficiencia renal cronica predialisis

Resumen

Objetivo: Investigar la frecuencia de hipogonadismo y su relacion con la inflamacion y grosor
de la intima-media carotidea (CIMT) en varones con insuficiencia renal cronica (IRC) predialisis.
Métodos: Se incluyo en el estudio a un total de 105 pacientes con IRC, 55 (52,4%) en estadio
3, 33 (31,4%) en estadio 4, y 17 (16,2%) en estadio 5. Se midieron testosterona total (TT) y
testosterona libre (TL), interleucina 6 (IL-6), niveles de proteina C reactiva (PCR), y CIMT.
Resultados: Con respecto a TT y TL, se detecto hipogonadismo en 18 (17,1%) y 22 (20,9%)
pacientes, respectivamente. No se encontraron diferencias en términos de TT y TL, CIMT, PCR
e IL-6 entre los diferentes estadios de IRC. Con respecto a TT, los pacientes con hipogonadismo
tenian valores significativamente mas altos de PCR y colesterol de lipoproteinas de alta densidad
(HDL-colesterol) (p=0,004 y p=0,005, respectivamente). No se encontraron diferencias signi-
ficativas en cuanto a otros parametros. Con respecto a TL, los pacientes con hipogonadismo
tenian valores significativamente mas altos de PCR (p=0,017), y TT guard6 una correlacion
negativa con el indice de masa corporal (IMC), perimetro de la cintura, perimetro de la cadera,
y niveles de PCR. TL se correlaciond negativamente con la edad, perimetro de cintura, presion
arterial sistolica (PAS), presion arterial diastdlica (PAD) y PCR.

Conclusiones: Se encontro frecuencia de hipogonadismo en cerca del 17-21% de los pacientes
con IRC. A pesar de encontrar niveles similares de IL-6 y CIMT, los niveles de PCR fueron mas
altos en los pacientes con hipogonadismo. Consideramos que son necesarios mas estudios, con
poblaciones de mayor tamano, para explicar esta entidad.

© 2020 Sociedad Espanola de Arteriosclerosis. Publicado por Elsevier Espana, S.L.U. Todos los
derechos reservados.

syndrome (MetS) and cardiovascular disease (CVD), reducing
lean body mass and increasing body fat mass.’~” In addition,

Chronic kidney disease (CKD) is a functional diagnosis cha-
racterized by a progressive and irreversible reduction in
glomerular filtration rate (GFR), and may lead to fluid-
electrolyte imbalance, metabolic disturbance and many
endocrinological disorders, such as hypogonadism, infer-
tility and sexual dysfunction.”? It is known that there is
increased inflammation in the patients with CKD, and that
an increase in the production and release of inflamma-
tory cytokines occurs with the decrease in GFR.> As CKD
progresses over time, testicular atrophy and accordingly a
decrease in testosterone production occurs, and primary
hypogonadism develops.* Low testosterone among the young
or the elderly men was shown to increase the development
of hypertension, type 2 diabetes mellitus (T2DM), metabolic

it was also shown in many studies that testosterone treat-
ment has positive effects on MetS parameters and risk of
atherosclerosis, and so reducing mortality due to the car-
diovascular events.® '3

However, there are also studies showing that testos-
terone administered intramuscularly and transdermally has
positive effects on glucose metabolism and indicators of
endothelial dysfunction in the patients with T2DM and
hypogonadism.'*'> Hypogonadism occurring in the patients
with CKD may contribute to the development of atheroscle-
rosis and inflammation. It is known that hypogonadism is
seen in approximately half of the patients with non-dialysis
CKD and end-stage renal disease (ESRD), and there is an
inverse relationship between total testosterone (TT) and
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mortality rates.'®'® Based on literature, it was also shown
that carotid intima media thickness (CIMT) values can be
used as an early indicator of atherosclerosis.® The aim of our
study was to investigate the frequency of hypogonadism and
investigate its relationship to the levels of interleukin-6 (IL-
6), C-reactive protein (CRP) and CIMT in the male predialysis
patients with CKD.

Material and methods

This prospective study was conducted in the internal
medicine and nephrology clinics of Konya Health Applica-
tion and Research Center (previously Konya Training and
Research Hospital) at University of Health Sciences, a ter-
tiary healthcare center, between November 2014 and March
2015. A total of 105 male predialysis patients with CKD (eGFR
<60 mL/min/m?) between the ages of 18 and 65 years were
enrolled into the study. An approval from the local ethical
committee and written informed consent from each patient
were obtained.

The height (m) and weight (kg) of each patient were mea-
sured with underwear. Body mass index (BMI) was calculated
as weight (kg)/height squared (m?). Waist circumference
(WC) was measured as the minimum difference between
iliac crest and lateral costal margin and hip circumference
at the maximum width of the buttocks. The waist/hip ratio
(WHR) was calculated as the ratio of WC (cm) to hip ratio
(cm). Blood pressure (BP) measurements were obtained
from both arms in the seated position through a standard
mercury sphygmomanometer after 10 min of rest, and aver-
age results were recorded.

The patients on use of steroids, androgen, lipid-lowering
drugs, gonadotrophins, gonadotrophin-releasing hormone
agonists or antagonists; those with liver failure or any
chronic inflammatory disease, prolactinoma, hypo or hyper-
thyroidism or adrenal enzyme deficiency; those with any
malignancies, smoking cigarettes and consuming alcohol
heavily; those undergoing coronary by-pass surgery, angio-
plasty or coronary stenting; those with peripheral arterial
disease or experiencing stenting or operational revascular-
ization surgery; and those under the ages of 18 and over 65
of years were excluded out of the study.

Venous blood samples were drawn to measure serum con-
centrations of creatinine, total cholesterol, high-density
lipoprotein-cholesterol ~ (HDL-cholesterol), low-density
lipoprotein-cholesterol (LDL-cholesterol), triglyceride (TG),
TT, free testosterone (FT), IL-6, and CRP. Blood samples
were centrifuged and stored in a deep freeze at —80°C
until analyzed. Blood creatinine was measured with the
spectroscopic method by an Abbot C16000 autoanalyzer
(Abbot Laboratories, Abbot Park, IL, USA). Total cholesterol
[(NR), 110-200 mg/dL] was measured by the spectroscopic
method, while HDL-cholesterol [(NR), 40-90mg/dL] was
measured with the immune reaction (antigen-antibody
complex) by means of an Olympus AU 5800 device (Beck-
man Coulter Inc., CA, USA). TG [(NR), 0-200mg/dL] was
also measured via a routine enzymatic method with an
autoanalyzer using an Olympus AU 5800 device (Beckman
Coulter Inc., CA, USA).

TT was measured by the chemiluminescence immunoas-
say method in an ADVIA Centaur XP (Siemens Healthcare

Diagnostics, Camberley, UK). While TT more than 10 nmol/L
was accepted within normal limits, the patients with a
value below 10 nmol/L were accepted as those with hypogo-
nadism. Plasma FT was measured by the radioimmunoassay
method using the free testosterone-RIA-CT kit (DIAsource
ImmunoAssays SA - Rue du Bosquet 2, B-1348 Louvain-la-
Neuve, Belgium). For FT, age-adjusted reference ranges
were used, and when the patients with hypogonadism
were compared in terms of FT according to age levels,
FT was found between 0.2-42.5pg/mL, 8.9-42.5pg/mL,
6.6-30pg/mL and 4.9-21.6pg/mL in the patients at the
ages of <20, 20-39, 40-59 and >60, respectively. The values
below the lower limit were accepted as hypogonadism.
Serum CRP was measured using the nephelometric method
via a Siemens Health Care Diagnostic BN-Il (Siemens
Healthcare Diagnostics, Marburg, Germany). IL-6 was also
measured by IL-6-EASIA and ELISA kits (catalog number:
KAP1261, DIAsource ImmunoAssays SA-Rue du Bosquet 2,
B-1348 Louvain-la-Neuve, Belgium), and the units were
expressed as pg/mL.

CIMT was measured as an indicator of subclinical
atherosclerosis, and carotid arteries were measured, while
the patients were in supine position using a real time triplex,
high resolution B-mode ultrasonograph (AU4 Idea, Esaote
Biomedica, Florence, Italy) with 7.5MHz probe. After the
patients’ heads were extended in the supine position,
the measurements were performed on both main carotid
arteries (1 cm proximal of the bulb). The highest values were
obtained as two measurements, but no measurements were
carried out from the atheroma plaque. The two echogenic
lines between the intima-luminal surface and the media
adventitia interfaces were evaluated as CIMT.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) for Win-
dows 15.0 program was used for statistical analyses (SPSS
Inc., Chicago, IL, USA). The distributions within the normal
limits were determined through the Kolmogorov-Smirnov
and Shapiro-Wilk tests. While the student t test was used
to compare the data with normal distribution between two
groups, the Mann-Whitney-U test was utilized to compare
the data without normal distribution between two groups.
Also, the Pearson correlation test was used to examine the
relationships between the parameters. The chi-square test
was used to compare the qualitative data, and a p value of
<0.05 was accepted significant.

Results

The patients were grouped according to the stages of CKD.
There were 55 (52.4%) patients in stage 3, 33 (31.4%) in
stage 4, and 17 (16.2%) in stage 5. The general character-
istics of these three groups are shown in Table 1. WC was
also found higher in stage 5 patients than those in stage 4
(p=0.024).

The patients were divided into two groups according
to TT and FT with and without hypogonadism. Accord-
ing to TT, 18 (17.1%) of the patients had hypogonadism
(Table 2). In terms of TT, hypogonadism was detected in
nine (16.4%) of stage 3 patients with CKD, in six (18.1%) of
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Table 1 Clinical and laboratory findings of male predialysis patients with CKD according to disease stages.

Stage 3 (n=55) Stage 4 (n=33) Stage 5 (n=17) p-Value
Age (years) 51.5 + 10.6 47.5 +£ 11.8 52.3 + 8.6 0.172
BMI (kg/m?) 28.7 £5.3 27.1 + 4.9 29.7 £ 5.8 0.209
WC (cm) 96.4 + 12.3 91.7 +£ 14.2 103.5 + 22.1 0.031
HC (cm) 92.2 + 8.0 88.4 + 10.0 90.9 + 9.1 0.154
SBP (mmHg) 133.9 + 22.3 140.5 + 18.8 142.5 + 21.5 0.202
DBP (mmHg) 90.5 £+ 15.3 93.6 £ 12.9 94.9 + 12.4 0.432
Creatinine (mg/dL) 1.77 +£ 0.37 3.18 + 0.54 5.28 + 1.04 <0.001
eGFR (mL/min/1.73 m?) 42.80 + 8.51 21.61 + 3.72 11.65 + 1.87 <0.001
Total cholesterol (mg/dL) 208.7 + 55.1 191.9 + 48.2 189.7 + 39.4 0.214
LDL-cholesterol (mg/dL) 131.0 + 39.2 123.5 + 41.1 117.4 + 32.3 0.394
HDL-cholesterol (mg/dL) 39.2 + 8.8 37.6 +£ 10.0 34.8 £ 7.7 0.215
Triglyceride (mg/dL) 217.6 + 187.8 154.0 £+ 70.5 205.7 + 127.4 0.159
CRP (mg/L) 7.17 £+ 10.46 7.22 + 8.64 7.53 £ 6.15 0.990
Total testosterone (nmol/L) 17.51 + 8.30 17.50 + 7.76 16.03 + 5.70 0.773
Free testosterone (pg/mL) 8.50 + 2.91 8.34 +2.83 7.86 + 2.15 0.709
IL-6 (pg/mL) 22.40 + 47.57 17.00 + 14.25 13.46 + 7.00 0.604
CIMT (mm) 0.72 £+ 0.15 0.69 + 0.16 0.72 + 0.16 0.590

BMI: body mass index, CIMT: carotid intima-media thickness, CKD: chronic kidney disease, CRP: C-reactive protein, DBP: diastolic blood
pressure, eGFR: estimated glomerular filtration rate, HC: hip circumference, HDL-cholesterol: high density lipoprotein cholesterol, IL-6:

interleukin-6; LDL-cholesterol: low density lipoprotein cholesterol, SBP: systolic blood pressure, WC: waist circumference.

Table 2 Clinical and laboratory characteristics of male predialysis patients with CKD according to total testosterone levels.

Patients with hypogonadism (n=18) Patients without hypogonadism (n=87) p-Value
Age (years) 50.8 + 10.2 50.3 + 11.0 0.846
BMI (kg/m?) 28.8 + 6.5 28.3 + 5.0 0.761
WC (cm) 100.1 £ 23.1 95.3 + 13.1 0.403
HC (cm) 91.1 + 10.0 90.8 + 8.8 0.907
SBP (mmHg) 145.7 + 26.8 135.7 £ 19.7 0.069
DBP (mmHg) 96.0 + 18.4 91.4 + 13.1 0.214
Creatinine (mg/dL) 2.92 +1.28 2.76 + 1.42 0.657
Total cholesterol (mg/dL) 203.4 +71.4 199.7 + 46.3 0.778
LDL-cholesterol (mg/dL) 120.4 + 45.3 127.8 + 37.6 0.469
HDL-cholesterol (mg/dL) 43.5 + 10.6 36.8 + 8.4 0.004
Triglyceride (mg/dL) 213.2 + 253.9 192.1 + 123.3 0.699
Free testosterone (pg/mL) 5.59 + 2.23 8.92 + 2.51 <0.001
Total testosterone (ng/dL) 207.20 + 82.23 557.83 + 192.9 <0.001
IL-6 (pg/mL) 14.43 £ 9.75 20.26 + 38.68 0.942
CRP (mg/L) 11.90 £ 15.40 6.28 +7.16 0.005
CIMT (mm) 0.73 £ 0.17 0.70 £+ 0.15 0.436
eGFR (mL/min/1.73 m?) 29.3 +15.2 31.5 + 14.2 0.931

BMI: body mass index, CIMT: carotid intima-media thickness, CKD: chronic kidney disease, CRP: C-reactive protein, DBP: diastolic blood
pressure, eGFR: estimated glomerular filtration rate, HC: hip circumference, HDL-cholesterol: high density lipoprotein cholesterol, IL-6:
interleukin-6, LDL-cholesterol: low density lipoprotein cholesterol, SBP: systolic blood pressure, WC: waist circumference.

stage 4 CKD patients, and in three (17.6%) of stage 5 CKD
patients. Among the patients with hypogonadism, CRP and
HDL-cholesterol were significantly higher than those without
hypogonadism (p=0.005 and p=0.004, respectively), and
no significant difference was found between anthropomet-
ric measurements and other parameters, such as IL-6 and
CIMT.

In terms of age-adjusted FT, 22 (20.9%) patients were
diagnosed with hypogonadism. CRP values were significantly

higher in the patients with hypogonadism (p=0.006)
(Table 3). There was no significant difference with respect
to other parameters in the patients with or without hypog-
onadism.

While performing the correlation analysis, a negative cor-
relation was detected between TT and CRP, BMI, WC, and HC
(Table 4). FT was also negatively correlated with age, WC,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
HDL-cholesterol and CRP (Table 4).
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Table 3 Clinical and laboratory characteristics of male predialysis patients with CKD according to free testosterone levels.

Patients with hypogonadism (n=22) Patients without hypogonadism (n=83) p-Value
Age (years) 46.6 + 10.3 51.3 + 10.7 0.067
BMI (kg/m?) 271 +£5.7 28.6 + 5.1 0.243
WC (cm) 94.7 + 17.0 96.4 + 14.7 0.642
HC (cm) 89.2 +9.5 91.2 + 8.8 0.362
SBP (mmHg) 138.7 £ 25.2 137.0 £+ 20.2 0.732
DBP (mmHg) 91.3 + 17.4 92.4 + 13.2 0.754
Creatinine (mg/dL) 3.13 +1.31 2.68 + 1.40 0.180
Total cholesterol (mg/dL) 196.8 + 80.2 201.2 + 40.6 0.722
LDL cholesterol (mg/dL) 120.5 + 54.4 128.0 £+ 33.8 0.425
HDL cholesterol (mg/dL) 40.2 + 12.0 37.3 + 8.1 0.182
Triglyceride (mg/dL) 193.5 £+ 232.0 196.3 + 124.8 0.218
Free testosterone (pg/mL) 5.31 + 1.94 9.14 + 2.36 <0.001
Total testosterone (ng/dL) 9.97 + 4.56 19.20 + 7.22 <0.001
IL-6 (pg/mL) 32.67 + 66.89 15.70 £+ 19.69 0.071
CRP (mg/L) 11.83 + 14.52 6.02 + 6.88 0.006
CIMT (mm) 0.68 + 0.17 0.71 + 0.14 0.399
eGFR (mL/min/1.73 m?) 26.6 + 13.0 32.2 £ 14.5 0.104

BMI: body mass index, CIMT: carotid intima-media thickness, CKD: chronic kidney disease, CRP: C-reactive protein, DBP: diastolic blood
pressure, eGFR: estimated glomerular filtration rate, HC: hip circumference, HDL-cholesterol: high density lipoprotein cholesterol, IL-6:

interleukin-6, LDL-cholesterol: low density lipoprotein cholesterol, SBP: systolic blood pressure, WC: waist circumference.

Table 4 Correlation analyses of some parameters in predialysis patients with CKD.

T CIMT IL-6 FT CRP
Age (years) NS r: 0.561 NS r: —0.239 NS
p<0.001 p: 0.014
CRP (mg/L) r: —0.345 NS r: 0.452 r: —0.352 r:
p<0.001 p<0.001 p<0.001 1
BMI (kg/m?) r: —0.254 r: 0.230 r: 0.274 r: —0.187 r: 0.320
p: 0.009 p: 0.018 p: 0.005 p: 0.057 p: 0.001
WC (cm) r: —0.325 r: 0.251 r: 0.248 r: —0.228 r: 0.369
p: 0.001 p: 0.010 p: 0.011 p: 0.019 p<0.001
HC (cm) r: —0.230 r: 0.197 NS r: —0.128 r: 0.305
p: 0.018 p: 0.044 p: 0.192 p: 0.002
SBP (mmHg) NS r: 0.232 NS r: —0.298 r: 0.210
p: 0.017 p: 0.001 p: 0.031
DBP (mmHg) NS NS NS r: —0.197 NS
p: 0.044
Total cholesterol (mg/dL) NS r: 0.334 NS NS NS
p<0.001
LDL-cholesterol (mg/dL) NS r: 0.234 NS NS NS
p: 0.016
HDL-cholesterol (mg/dL) NS NS NS r: —0.215 NS
p: 0.028
eGFR (ml/min/1.73 m?) NS NS NS NS NS

BMI: body mass index, CIMT: carotid intima-media thickness, CKD: chronic kidney disease, CRP: C-reactive protein, DBP: diastolic blood
pressure, eGFR: estimated glomerular filtration rate, HC: hip circumference, HDL-cholesterol: high density lipoprotein cholesterol,
FT: free testosterone, IL-6: interleukin-6, LDL-cholesterol: low density lipoprotein cholesterol, NS: not significant, SBP: systolic blood
pressure, TT: total testosterone, WC: waist circumference.

Discussion

In this study, the frequency of hypogonadism was found to
be 17.1 and 20.9% in terms of TT and FT in the patients with

CKD during predialysis period, respectively; however, the
frequency of hypogonadism showed no difference accord-
ing to CKD stages. Hypogonadism is a widespread entity in
the patients with CKD.*"-?' In a study by Gungor et al.,
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hypogonadism frequency was reported to be 66% and testos-
terone to be within the normal limits in 10% of the patients
with CKD and slightly lower than the normal limits in the
rest of the cases.?’ In another study performed by Khu-
rana et al.,”' the frequency was reported as 53% in stage
3-4 CKD patients. Because testosterone was found to be
350ng/dL and below (approximately 12.15nmol/L) as the
limit of hypogonadism by Khurana et al., and this level was
over our hypogonadism limit (10 nmol/L), we consider that
the level in their study may have arisen from their higher
hypogonadism limit. In our study, hypogonadism frequency
was found to be 20.9%, compared with the age-adjusted FT.
Although higher than that of hypogonadism in terms of TT,
this frequency was not statistically different. In the study
performed in 250 patients with 250 ESRD, Carrero et al.
found testosterone deficiency to be <10nmol/L) in 44% of
the cases, testosterone insufficiency to be 10-14nmol/L
in 33% and testosterone within normal limits (>14 nmol/L)
in 23% of the cases.'” The same study also demonstrated
that testosterone was inversely related to CRP, IL-6 and
fibrinogen, and lower testosterone was associated with car-
diovascular co-morbidity (OR 2.51) and mortality (OR 2)."°
Although the frequency of hypogonadism was found lower
in our study, compared with that in other studies, we con-
sider that the probable cause of lower hypogonadim was
due to our diagnostic and inclusion criteria. Because the
lower limit accepted for hypogonadism was higher in var-
ious studies than our value, more patients were diagnosed
with hypogonadism, and so the frequency of hypogonadism
was found to be higher in those studies than that of our
study.'®?!

While the testosterone in circulation is due to the glyco-
protein called sex hormone-binding globulin (SHBG) at a rate
of 70%, it is less dependent on albumin, and only 1-3% is cir-
culated freely.” In fact, the active part of the testosterone
is such free part in circulation. Although SHBG is increased
with age, TT is decreased each year by 0.5-1%,2>?* and
such a decrease is more pronounced in FT.?° In the patients
with CKD, loss of urinary SHBG may have effects on FT;
therefore, it may be misleading in diagnosing hypogonadism
only by taking TT into account.??¢ In literature, there are
also studies reporting a strong association between GFR and
hypogonadism among the non-dialysis patients with CKD.*?!
In a study by Yilmaz et al., it was reported that hypogo-
nadism was present in 34% of stage 3 CKD patients, 38% of
stage 4 CKD patients and 57% of those with stage 5 CKD.“ On
the other hand, considering FT, and that the cut-off value
was 50 pg/mL, Yilmaz et al. also stated that the frequency
of hypogonadism was 80% on average, 75% in stage 1 CKD
patients and 92% in stage 5 CKD patients, and that FT was
much lower in dialysis patients, but the rate of hypogo-
nadism was higher.* In our study, we detected hypogonadism
between average 16-18% in stage 3-5 CKD patients and
found no difference between the stages in terms of hypog-
onadism frequency. Considering FT, however, we found the
frequency of hypogonadism as 20.9%. While we diagnosed
the patients with hypogonadism according to FT in our study,
we used the lower limit of the reference value defined for
age segments in the laboratory manual. Because the limit
in our study was even lower than that (50 pg/mL) by Yilmaz
et al., the frequency of hypogondism may have been found
lower as to FT. In addition, although the absence of assessing

SHBG can be seen as a limitation of our study compared to
other studies, we consider that the assessments performed
for FT reduced the need for SHBG measurements.

Another important issue in the patients with hypogo-
nadism is the risk of increased atherosclerosis and CVD. In
many studies performed in general population and dialysis
patients, such risks were shown to increase.” In a study
carried out in 2419 patients with stage 3-4 CKD, Khurana
et al. reported that there was a relationship between TT
and mortality rates in the CKD patients, and the mortality
was increased in the presence of hypogonadism.?' In spite
of limited number of studies related to the entity, how-
ever, the presence of similar risk was shown for non-dialysis
CKD patients.*2921.28 |n a study including 239 patients with
hypogonadism, SBP, phosphorus and PTH were shown to be
higher, while hemoglobin, calcium and estimated glomeru-
lar filtration rate (eGFR) were lower, cardiovascular events
were more frequent, and flow-mediated dilatation was also
lower.* The lowest tertile testosterone was reported to
increase the all-cause mortality rates by 2.03 times and
CVD-induced mortality by 3.19 times in the dialysis patients
with ESRD.?” CIMT values were shown to be used as an
early indication of atherosclerosis risk in many studies.?
In our study, CIMT was found similar in the patients with
and without hypogonadism. In also the presence of dif-
ferent stage CKD, no difference was observed in CIMT. As
opposed to previous studies, we excluded the patients with
any known CVDs out of the study; that is, we evaluated the
very early stages of atherosclerosis, and therefore CIMT lev-
els may have displayed similar results in the patients with
hypogonadism, as different from the findings of previous
studies.

However, a positive correlation was determined between
CIMT, and age, BMI, WC, HC, SBP and LDL-cholesterol in our
study. While emphasizing a positive relationship between
CIMT, and age, BMI and WC, Pergola et al. reported a neg-
ative relationship between FT and WC.' It is known that
obesity is the main risk factor for atherosclerosis and CVDs. ">
However insufficient BMI may be involved in demonstrating
metabolic risk associated with obesity,'® we also used WC
and HC measurements, as well as BMI, in order to eval-
uate the metabolic risk in our study. Although all of the
three obesity indicators were negatively correlated with TT,
FT was negatively correlated only with WC. In addition, in
terms of these anthropometric measurements, no difference
was found between the patients with and without hypogo-
nadism. This entite was both interesting and a finding to be
explained.

In our study, no difference was detected in terms of
lipid parameters in the patients with and without hypog-
onadism, compared with FT; however, when the presence of
hypogondism was assessed in terms of TT, HDL-cholesterol
levels were found to be higher in those with hypog-
onadism. This entity was both intriguing and unclear
finding to be elucidated. In addition, the negative corre-
lation between FT and HDL-cholesterol was also another
intriguing finding to be referred to. Dyslipidemia is an
important factor for the development of atherosclero-
sis, and abnormal lipids increases were reported in the
CKD patients with hypogonadism.?®?® In a study including
280 diabetic patients, although a positive associaton was
reported between TT, and such lipids as HDL-cholesterol



Hypogonadism and inflammation in chronic kidney disease

141

and apolipoprotein-A1 (APO-A1) with positive effects on
metabolic and CVDs,° the inclusion of limited number of con-
trols (50 healthy controls) and of only the patients treated
with statins into the study is a serious limitation. The statin
treatment has been known to have some effects on both
lipid profiles, inflammatory parameters and oxidative stress;
consequently, this makes it impossible to interpret the asso-
ciation between TT and lipid profiles among the patients
receiving statin treatment. In another study by Pottelbegh
et al. with 715 healthy middle-aged men, although a pos-
itive relationship was reported between TT and FT, and
HDL-cholesterol and APO-A1, which have positive effects
on cardiometabolical disorders, it was stated that there
is also a positive association between FT, and such nega-
tive lipid profiles as total cholesterol and apolipoprotein-B
(APO-B) in terms of developing atherosclerosis; as a result,
testosterone has complex effects on lipid profile, and so
causing both a positive protective lipid profile against the
development of atherosclerosis and a negative lipid profile
increasing the risk of atherosclerosis.” Fasting and satiety
are two factors affecting lipid profile, and testosterone
shows variations or is altered vary depending on the moment
of the day. The fact that fasting/satiety measurements were
not performed in drawing blood samples, and blood samples
are taken at any time between 08:30 and 16:00 during the
day can be postulated as limitations making the study by
Pottelbegh et al. to be interpreted. Therefore, both includ-
ing the patients taking statin into the study, and the fact
that the results found between lipid and testosterone con-
tradictory to ours, which were measured during at any time
of the day without fasting are a matter of controversy. In our
study, although HDL-cholesterol levels were found higher in
those considered to have hypogonadism according to TT, no
difference was observed between lipid profiles, compared
the patients with and without hypogonadism according to
FT. Most of the circulating testosterone is linked to SHBG,
and TT is influenced by SHBG.?? The alterations in SHBG
occurring in case of renal failure may have affected TT
levels, and this may have caused the result difficult to be
explained. One of our limitations is that we did not evalu-
ate SHBG levels. In our study, BP was similar in the patients
with and without hypogonadism, as consistent with the find-
ings declared in other studies.*'* In addition, there was a
negative correlation between FT levels and SBP and DBP in
our study.

Increased inflammation is a common condition encoun-
tered in the patients with CKD. As GFR decreases,
the release of proinflammatory and inflammatory
cytokines increases.> The increased levels of inflam-
mation, decreased albumin, CRP and fibrinogen are the
features witnessed in the patients with CKD. Increased
inflammatory cytokines and inflammatory diseases induce
hypothalamic-pituitary-testis axis and cause testosterone
deficiency/hypogonadism.'” Therefore, lower testosterone
in such patients may be considered an indicator of increased
inflammation. CRP and IL-6 levels, the indicators of inflam-
mation in the patients with hypogonadism, were shown to
be higher than those without hypogonadism.*?®%” In the
study performed by Gungor et al., when testosterone levels
were divided into different tertiles in dialysis patients with
CKD, high-sensitive CRP was reported to be similar in all
tertiles.?% In our study, when the patients were diagnosed

with hypogonazidm based on TT and FT, CRP was seen to
be higher among those with hypogonadism. However, it was
seen that no difference was present between those with
and without hypogonadism in terms of IL-6. In the study
where 50 eugonadal patients and 44 hypogonadotropic
hypogonadism, all with T2DM, were evaluated, Dhindza
et al. reported that those with hypogonadism had more
visceral and subcutaneous fat; the rate of glucose infusion
was seen to be 36% lower in euglycemic clamp test; and,
when testosterone treatment was given as placebo or
intramuscularly to those with hypogonadism at 250 mg
every two weeks for a 24-week period, the glucose infusion
increased 32% in the testosterone group. The same study
also reported that a reduction of 3.3kg was determined
in subcutaneous adipose tissue, while an increase of 3.4 kg
occurred in lean mass, and that free fatty acid in the
circulating blood, IL-13, CRP, tumor necrosis factor-a and
leptin were decreased, although the treatment caused
an increase in insulin sensitivity.’ In a recently published
study, when diabetic patients with functional hypogonadism
were given transdermal or placebo testosterone treatment
(50mg/day) for 9 months, thanks to the treatment, a
decrease was stated to take place in the indicators of
carbohydrate metabolism and endothelial dysfunction,
such as WC, HOMA-IR, hemoglobin A1c, leptin, resistin,
intercellular adhesion molecule-1 and CRP."® In our study,
no patients with hypogonadism were given any andro-
gen replacement therapy. Therefore, the effects of the
treatment on IR and inflammation markers could not be
investigated.

Conclusion

As a result, the frequency of hypogonadism was found
around 17-21% in the patients with CKD. No matter how
similar IL-6 was found in the patients with and without
hypogonadism, CRP was determined higher in men with
hypogonadism. No association was observed between hypog-
onadism and CIMT. The fact that CIMT was not found to
be different could be related to our inclusion criteria. The
exclusion criteria for those with any known CVD may have
led different CIMT values to be found in our study. Although
HDL was found higher in those with hypogonadism consider-
ing TT, this difference was not observed in HDL-cholesterol,
when a reclassification was performed according to FT. How-
ever, the presence of a negative relationship between FT
and HDL-cholesterol was another intriguing finding to be
elucidated in our study. We consider that further stud-
ies with larger populations are needed to enlighten the
entity.
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