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Purpose: In patients with chronic kidney disease (CKD), hypogonadism is more frequent 
than in the general population and its prevalence ranges between 40% and 60%. The aim of 
the study was to investigate the prevalence of hypogonadism and its association with kidney 
function, body composition, inflammatory markers and lipid disorders in patients with CKD.
Materials and Methods: The study population consisted of 112 men aged ≥40 years in 
different stages of CKD: 33 participants with eGFR ≥60 mL/min/1.73 m2, 27 men with 
eGFR 30–59 mL/min/1.73 m2, 17 predialysis patients with eGFR <30 mL/min/1.73 m2, and 
35 men on hemodialysis therapy three times a week for more than 3 months (G5D stage). 
Total testosterone (TT) levels were measured and free testosterone (FT) levels were calcu-
lated. Body composition was assessed using bioimpedance spectroscopy (Body Composition 
Monitor, FMC). Statistical analysis was performed using Statistica version 13.1.
Results: CKD stage was a strong predictor of hypogonadism (providing an information value of 
0.83). The weight of evidence technique allowed us to differentiate the high-risk group, which 
was a group of patients with advanced CKD, defined as eGFR <30 mL/min/1.73 m2. In this 
group, the likelihood of hypogonadism was 69.23%. Another significant predictor of hypogo-
nadism was lean tissue index (LTI). TT and FT levels were significantly lower in the advanced 
CKD group in comparison to the control group, whereas prolactin, luteinizing hormone and C- 
reactive protein levels were significantly higher in the advanced CKD group. The LTI was 
significantly lower in advanced CKD and was positively correlated with TT and FT.
Conclusion: Decreased eGFR and decreased LTI are predictors of hypogonadism associated 
with CKD. The study results suggest that hypogonadism screening should be carried out 
when eGFR deceases below 30 mL/min/1.73 m2.
Keywords: total testosterone, free testosterone, hypogonadism, chronic kidney disease, lean 
tissue index

Introduction
Hypogonadism is diagnosed when both biochemical and clinical conditions defined 
by the European Association of Urology (EAU) are met.1 The biochemical compo-
nent of this definition is fulfilled when the total testosterone (TT) level decreases 
below 8 mmol/L (2.3 ng/mL) or the TT concentration ranges between 8 and 12 
mmol/L (2.3–3.46 ng/mL) with a simultaneous fall in the free testosterone (FT) 
level to below 220 pmol/L (63.45 pg/mL). Among the clinical signs and symptoms 
of testosterone deficiency, multifactorial dysfunction of homeostasis in the field of 
body composition, metabolic control over lipids, carbohydrates, sexual and mental 
health can be enumerated.1 In the general population the incidence of 
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hypogonadism is 5%.2 Literature reviews reveal that coin-
cidence of chronic kidney disease (CKD) and hypogonad-
ism varies from 40% to 60%.3 The etiology of low 
testosterone levels in CKD patients is multifactorial. 
Dysfunction of the hypothalamus–pituitary–testicular axis 
is responsible for the higher incidence of hypogonadism in 
the CKD population.4 Successful kidney transplantation 
restores testis function and ameliorates body composition 
in most cases.5 A study by Fugl-Meyer et al showed that in 
CKD patients decreased serum testosterone levels, and 
increased luteinizing hormone (LH) and prolactin levels 
were present.6 In their study, the disorders influenced sex-
ual health quality, although the correlations did not reach 
statistical significance.6 A study by Cobo et al revealed 
correlations between hypogonadal CKD group and a 
decrease in lean body mass, low physical activity and 
poor response to erythropoietin.7 A literature review indi-
cates higher mortality rate in patients with stage 3 and 4 
CKD with concomitant hypogonadism.8

The aim of this study was to investigate the prevalence 
of hypogonadism and its association with kidney function, 
body composition, inflammatory markers and lipid disor-
ders in patients with CKD.

Materials and Methods
Study Population
The study population consisted of 112 men aged ≥40 years 
in different stages of CKD according to the Kidney 
Disease: Improving Global Outcomes (KDIGO) definition: 
33 participants in stages G1 and G2 (eGFR ≥60 mL/min/ 
1.73 m2), 27 in stage G3 (eGFR 30–59 mL/min/1.73 m2), 
17 predialysis patients (G4–G5, eGFR <30 mL/min/1.73 
m2) and 35 men on hemodialysis therapy three times a 
week for more than 3 months (G5D stage).

Exclusion criteria were as follows: age <40 or >75 years, 
lack of informed consent, post lower extremity amputation 
state, post cardiac pacemaker implantation state or orthope-
dic surgery with metal prothesis implantation.

All participants signed their informed consent. The 
study protocol was accepted by the Military Institute of 
Medicine Bioethics Committee (approval number 107/ 
WIM/2018). The study was performed in accordance 
with the Declaration of Helsinki.

Laboratory Parameters
Blood samples were taken, after an overnight fast, in hemo-
dialysis patients (group G5D) before the mid-week dialysis 

session. Plasma was separated within 15 minutes. Plasma for 
assessing the level of sex hormone binding globulin (SHBG) 
was frozen at −80°C. Hemoglobin and HbA1C were mea-
sured from fresh samples or whole blood frozen samples.

In our study, we used the immunochemical method of TT 
detection. In detail, we used the electrochemiluminescence 
kit Elecsys Testosterone II (Roche Diagnostics, Switzerland). 
The serum concentration of FT was calculated with the use of 
an equation whose formula consists of TT, SHBG, albumin 
level and constants for albumin and SHBG testosterone 
binding, available at http://www.issam.ch/freetesto.htm.

A hypogonadic state was defined according to the EAU 
definition (TT <8 mmol/L or TT in the range of 8–12 
mmol/L and FT <220 pmol/L). Beside laboratory para-
meters, participants were evaluated in a field of clinical 
signs of hypogonadism. Erectile dysfunction was mea-
sured by the 5-item version of the International Index of 
Erectile Function (IIEF-5) questionnaire. To quantify the 
severity of hypogonadism, we used the Androgen 
Deficiency in the Aging Male (ADAM) questionnaire. 
Moreover, participants underwent a physical examination 
to look for signs of hypogonadism.

Serum creatinine was measured by the Jaffe method 
(Gen.2; Roche Diagnostics, Switzerland), serum albumin 
level by the colorimetric method (Gen.2, Alb 2; Roche 
Diagnostics, Switzerland) and high-sensitivity C-reactive 
protein (CRP) by the immunoturbidimetric method 
(Gen.3, CRPL3; Roche Diagnostics, Switzerland). The 
following laboratory tests were performed by the electro-
chemiluminescence method: luteinizing hormone, C-pep-
tide, insulin and prostate-specific antigen (PSA). The kits 
used were: Elecsys LH II, Elecsys C-Peptide, Elecsys 
Insulin and Elecsys total PSA, respectively. All kits 
were produced by Roche Diagnostics (Switzerland). 
Prealbumin was measured by the immunochemocolori-
metric method with the NAS-PRE kit produced by 
Siemens. Lipid serum concentration was measured by 
an enzymatic–colorimetric method; and the following 
kits: Chol2, HDLC3, LDLC3 and TRIGL, were used for 
total cholesterol, high-density lipoprotein (HDL), low- 
density lipoprotein (LDL) and triglycerides, respectively. 
Hemoglobin concentration was measured by the SLS 
method (Sysmex).

Body Composition
Bioimpedance spectroscopy was performed using the 
Body Composition Monitor (Fresenius Medical Care). 
The examination was conducted in supine recumbency 
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and electrodes were placed in a tetrapolar configuration. In 
hemodialysis patients, the examination was performed 
before the dialysis session. In patients with an arteriove-
nous fistula, electrodes were placed on the upper arm 
opposite the vascular access.

Statistical Analysis
Descriptive statistics of continuous variables were pre-
sented as mean with standard deviation (SD) for nor-
mally distributed data or median with interquartile range 
(IQR) for non-normal distribution, and as a number with 
percentage for categorical data. Relationships between 
continuous variables were estimated with Pearson’s or 
Spearman’s correlation coefficient. Comparison of con-
tinuous variables was performed using the two-tailed t- 
test or Mann–Whitney test (if two groups were com-
pared) and ANOVA with Tukey’s post-hoc test for 
unequal sample sizes (for comparison of TT and FT in 
four groups).

The weight of evidence (WoE) technique was used to 
assess the value of GFR in prediction of hypogonadism.9,10 

An information value (IV) was used as a measure of its 
predictive power, with IV >0.5 considered as indicative for 
a strong predictor. Based on the IV, the optimal risk cate-
gories were also established: advanced CKD (52 men with 
GFR <30 mL/min/1.73 m2) and control group (60 men with 
GFR ≥30 mL/min/1.73 m2). The univariate logistic regres-
sion was used to evaluate independent risk factors of hypo-
gonadism in the study population. The results were presented 
as coefficient with standard error (SE), odds ratio (OR) with 
95% confidence interval (CI) and quality of the univariable 
model (R2 according to Neglekerke’s formula). The signifi-
cance level for all tests was p<0.05. Statistical analysis was 
performed using Statistica version 13.1.

Results
The study included 112 men with a median age of 61 years 
(IQR: 54–67 years, range 40–74 years) in various stages of 
CKD. There was a significant difference in terms of tes-
tosterone levels between men on hemodialysis (2.91±1.13 
pg/mL) and patients with eGFR ≥60 mL/min/1.73 m2 as 
well as in CKD stage G3 (4.02±1.72 pg/mL and 3.93±1.15 
pg/mL, respectively). Similar findings were noted in FT 
concentration (Figure 1).

The likelihood of hypogonadism in the study group was 
46.4%. As CKD stage was a strong predictor of hypogonad-
ism (providing an IV of 0.83), the WoE technique was used to 
categorize different CKD stages according to hypogonadism 
risk (Figure 2A). Optimal division into risk groups, based on 
the WoE index, included a high-risk group with eGFR <30 
mL/min/1.73 m2 (named the advanced CKD group) and a 
lower risk group with eGFR ≥30 mL/min/1.73 m2 (named 
the control group). The likelihood of hypogonadism was 
69.23% in the advanced CKD group and 26.6% in the control 
group (Figure 2B).

Moreover, there was a significant difference in the 
intensity of erectile dysfunction measured by the IIEF- 5 
between the advanced CKD group and the control group. 
The median IIEF-5 score for the advanced CKD group 
was 15 and for control group was 10 (p=0.017).

To enhance the accuracy of our analysis, we performed 
an analysis of hypogonadism subtypes with reference to 
European Male Ageing Study (EMAS) criteria (Table 1). 
However, subgroup analysis of biochemical and anthropo-
metric parameters revealed no statistically significant dif-
ferences between hypogonadism subgroups of our study 
defined with regard to the EMAS.

With regard to the anthropometric measurements, 
patients in the advanced CKD group did not differ from 

Figure 1 Comparison of total testosterone (left) and free testosterone (right) concentrations according to CKD stage. 
Abbreviation: GFR, glomerular filtration rate (mL/min/1.73 m2).
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the control group. Also in terms of age, the groups did not 
differ significantly. However, body composition evaluation 
revealed that the advanced CKD group had significantly 
lower lean tissue mass (LTM), lean tissue index (LTI) and 
body cell mass (BCM) than the control group. TT serum 
concentration in the advanced CKD group was also lower 
than in the control group (3.05 vs 3.98 ng/mL, p=0.036), 
while LH (10.1 vs 6.5 IU/L, p<0.0001) and prolactin (17.7 
vs 9.6 ng/mL, p<0.0001) concentrations were significantly 
higher in the advanced CKD group than in the control 
group. There was no difference in SHBG concentration 
between the study groups.

Among the biochemical parameters, prealbumin concen-
tration in the advanced CKD group was significantly higher 
than in the control group (36 vs 29 mg/dL, p=0.011). This 
fact can be explained by different reference ranges for this 
population associated with decreased prealbumin elimination 
through the kidneys. Median CRP concentration was signifi-
cantly higher in the advanced CKD group than in the control 
group (0.4 vs 0.2 mg/dL, p=0.008) which is probably asso-
ciated with subclinical inflammation associated with CKD. 
Total cholesterol (153 vs 181 mg/dL, p=0.013) and LDL (84 
vs 107 mg/dL, p=0.002) median serum concentrations were 
significantly lower in the advanced CKD than in the control 
group. This observation can be explained by the higher statin 
usage in the advanced CKD than in the control group (65.7% 
vs 30.8%, respectively). There was no difference in HDL 
concentration between the examined groups. Overhydration 
was significantly higher in the advanced CKD group than in 
the control group (1.9 vs 0.5, p<0.0001). General character-
istics of the groups are presented in Table 1.

Calculation of the relationship between the studied 
parameters showed a significant negative correlation 
between TT and serum creatinine (r=−0.25, p=0.007) 

concentrations in the whole study population. A significant 
positive correlation was observed between eGFR and TT 
concentrations (r=0.25, p=0.007). We observed negative 
correlations between TT and CRP both in the whole study 
group (r=−0.23, p=0.013) and in the advanced CKD group 
(r=−0.30, p=−0.029). Among body composition para-
meters, LTI correlated positively with TT concentrations 
in the whole study population (r=0.22, p=0.27). There 
were significant negative correlations between TT and fat 
tissue index (FTI) both in the whole study population and 
in the control group (r=−0.46, p=0.001) as well as fat 
percentage, also in the whole group and in the control 
group (r=−0.47, p=0.000). All significant correlations 
between TT, FT concentrations and selected variables are 
presented in supplementary Table 1.

FT concentrations inversely correlated with serum 
creatinine in the whole study population (r=−041, 
p=0.0001). We observed a positive correlation between 
FT and LDL (r=0.2, p=0.046). There were negative corre-
lations between FT and CRP in the whole study population 
(r=−0.3, p=0.002) as well as in the control group (r=−0.33, 
p=0.016). Significant negative correlations between FT 
and SHBG were observed in the advanced CKD group 
(r=−0.44, p=0.001) and in the whole study population (r= 
−0.23, p=0.019). Negative correlations were also observed 
between FT and both prolactin (r=−0.25, p=0.01) and LH 
(r=−0.31, p=0.001) concentrations in the whole study 
population. Body composition parameters represented by 
LTI correlated positively with FT in the whole study 
population (r=0.23, p=0.24), whereas FTI (r=−0.35, 
p=0.015) and fat percentage (r=−0.33, p=0.023) negatively 
correlated with FT in the control group.

In reference to our results, we decided to establish risk 
factors of hypogonadism in the CKD population. 

Figure 2 Initial (A) and optimal (B) risk categories of hypogonadism based on CKD stage in the study group (men ≥40 years). 
Abbreviations: IV, information value; WOE, weight of evidence (WoE technique).
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Table 1 Characteristics of the Advanced CKD and the Control Group

Parameter Advanced CKD Group 
(n=52)

Control Group 
(n=60)

p-Value

Demographic data

Age [years] 61 [53–67] 61 [55–67] 0.464*

Diabetes

Yes 25 18 0.078^

No 25 37
Data missing 2 5

Anthropometric measurements

Height [cm] 174±5 174±6 0.793

Weight [kg] 90±17 92±16 0.434
BMI [kg/m2] 29.5±5.5 30.4±4.8 0.392

Hormonal status

Hypogonadism

With low LH (CH) 0 1 (6.25%) 0.031
With normal LH (iPH) 12 (33.3%) 10 (62.5%)

With high LH (PH) 24 (66.7%) 5 (31.25%)

No hypogonadism

With normal LH (EuG) 3 (18.75%) 33 (75%) <0.0001
With high LH (cPH) 13 (81.25%) 11 (25%)

Erectile dysfunction
IIEF-5 score 10 (3–16) 15 (10–20) 0.017*

Biochemical measurements
Serum creatinine [mg/dL] 6.5 [4.3–9.2] 1.2 [0.9–0.7] <0.0001*
eGFR [mL/min/1.73 m2] 9.6 [6.1–15.5] 66.7 [45.1–91.8] <0.0001*
Serum albumin [g/dL] 4.2±0.5 4.4±0.4 0.017
Prealbumin [mg/dL] 36 [29–39] 29 [23–35] 0.011*
Total cholesterol [mg/dL] 153 [124–189] 181 [145–209] 0.013*
HDL 42 [35–46] 43 [40–52.5] 0.068*
LDL 84 [61–113] 107 [86.5–142] 0.002*
Triglycerides [mg/dL] 171 [111–199] 141 [104–199] 0.397*

C-reactive protein [mg/dL] 0.4 [0.2–0.7] 0.2 [0.1–0.4] 0.008*
SHBG [nmol/L] 44.8 [31.1–58] 44 [32.9–54.7] 0.76*

Hormonal measurements
Total testosterone [ng/mL] 3.05±1.15 3.98±1.48 0.036#
Free testosterone [pg/mL] 48.4±18.5 64.8±17.9 <0.0001
Prolactin [ng/mL] 17.7 [13.6–26.2] 9.6 [8.2–12.2] <0.0001*
LH [IU/L] 10.1 [8.5–15.5] 6.5 [4.5–8.9] <0.0001*

Bioimpedance spectroscopy
LTM [kg] 43±9.3 48±9.8 0.009
LTM% [%] 49.1±12.4 53.4±12.7 0.086

LTI [kg/m2] 14.1±2.9 15.7±2.6 0.004
LTI_dif from ref [kg/m2] −0.3±2.6 1.7±2.3 <0.0001
BCM [kg] 23.8±6.5 27.4±6.6 0.006
ATM [kg] 44±16.9 42.8±16.5 0.719

Fat [kg] 32.3±12.4 31.4±12.1 0.717

Fat% [%] 34.9±9.4 33.4±9.1 0.406

(Continued)
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Therefore, the model of single-factor logistic regression in 
prediction of hypogonadism was established. In this 
model, common risk factors for hypogonadism were 
examined in our population. The strongest single risk 
factor for hypogonadism was advancement of kidney fail-
ure, with the cut-off point at the level of GFR <30 mL/ 
min/1.73 m2. In patients with GRF below 30 mL/min/1.73 
m2, the risk of hypogonadism was increased by 6.19 times. 
In our study, based mainly on a CKD population, it was a 
stronger risk factor for hypogonadism than age (OR 1.01) 
or body mass index (OR 1.04) (Table 2).

Discussion
The incidence of hypogonadism in the general popula-
tion is 2.1–5.7%.11 In the CKD population the occur-
rence of low testosterone concentrations is significantly 

higher and varies from 26% to 66% depending on the 
degree of kidney function impairment.3 In our study, low 
testosterone levels fulfilling hypogonadism criteria were 
observed in 46.4% of the study population. This disorder 
was significantly more frequent in patients with 
advanced CKD and reached the level of 69.2% in 
patients with eGFR lower than 30 mL/min/1.73 m2. 
Such a high prevalence of hypogonadism in CKD men 
is associated with many factors causing disturbances in 
the hormonal hypothalamic–pituitary–testicular axis. In 
CKD, the most important factors that inhibit testosterone 
production are hyperprolactinemia, subclinical inflamma-
tion, obesity and concomitant treatment of other 
diseases.12

In the present study, mean TT and FT concentrations 
decreased gradually in more advanced CKD stages to 

Table 1 (Continued). 

Parameter Advanced CKD Group 
(n=52)

Control Group 
(n=60)

p-Value

FTI [kg/m2] 14.5±5.6 14.1±5.4 0.725

FTI_dif from ref [kg/m2] 9.2±5.6 8.2±5.3 0.325
TBW [L] 42.5±6.3 44±6.1 0.228

ECW [L] 20.8±3.2 20.3±2.8 0.372

ICW [L] 21.7±3.8 23.7±3.8 0.009
OH [L] 1.9 [0.6–3.3] 0.5 [−0.7 to 1] <0.0001*

Notes: *p-value of Mann–Whitney test; ^p-value of Fisher’s exact test; #p-value of unequal variance t-test; p-values in bold are statistically significant. 
Abbreviations: ATM, adipose tissue mass; BCM, body cell mass; BMI, body mass index; CH, central hypogonadism; cPH, compensated primary hypogonadism; dif from ref, 
difference from reference; ECW, extracellular water; eGFR, estimated glomerular filtration rate; EuG, eugonadal; FTI, fat tissue index; HDL, high-density lipoprotein; ICW, 
intracellular water; IIEF-5, International Index of Erectile Function; iPH, primary hypogonadism with inadequate LH response; LDL, low-density lipoprotein; LH, luteinizing 
hormone; LTI, lean tissue index; LTM, lean tissue mass; OH, overhydration; PH, primary hypogonadism; TBW, total body water.

Table 2 Univariate Logistic Regression Models Evaluating Independent Markers of Hypogonadism in the Study Population

Variable Level of Effect Coefficient±SE OR (95% CI) p-Value R2

eGFR GFR ≥30 Ref – 0.23
GFR <30 1.82±0.42 6.19 (2.72–14.06) <0.0001

Diabetes No Ref – 0.04
Yes 3.44±0.06 0.47 (0.21–1.04) 0.064

Age 0.01±0.02 1.01 (0.96–1.05) 0.788 0

SA −0.29±0.36 0.75 (0.37–1.51) 0.421 0.01

SHBG −0.02±0.009 0.98 (0.96–0.997) 0.024 0.09
BMI 0.04±0.04 1.04 (0.97–1.12) 0.287 0.01

LTI −0.21±0.08 0.81 (0.69–0.94) 0.006 0.11

LTI dif from ref −0.31±0.09 0.74 (0.61–0.88) 0.001 0.16
LTM −0.05±0.02 0.95 (0.91–0.99) 0.018 0.08

LTM% −0.05±0.02 0.95 (0.92–0.98) 0.004 0.12

Note: p-Values in bold are statistically significant. 
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LTI, lean tissue index; LTM, lean tissue mass; SA, serum 
albumin; SHBG, sex hormone binding globulin.; diffrom ref, difference from reference.
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reach the lowest concentration in men on hemodialysis. 
Similar results were reported by Yilmaz et al, who 
observed that low FT and TT concentrations became 
more frequent in advanced stages of CKD.13 In this 
study, the average TT serum concentration was 10.9 
nmol/L (3.14 ng/mL) when GFR was below 30 mL/min/ 
1.73 m2. This level of TT concentration meets the bio-
chemical criteria for hypogonadism defined by the EAU. 
This observation was also confirmed by the results of our 
study, which showed a gradual decrease in TT and FT 
concentrations along with progression of kidney failure. 
The mean TT concentration in men with GFR lower than 
30 mL/min/1.73 m2 was 3.05 ng/mL (Table 1). The most 
important result of the present study is the quantification 
of the level of kidney failure below which the probability 
of hypogonadism dramatically increases (Table 2, Figure 
2). In our study, in men with GFR lower than 30 mL/min/ 
1.73 m2 the probability of hypogonadism was 69.2% and 
the risk of being hypogonadal was 6.19 times greater than 
in men with GFR ≥30 mL/min/1.73 m2.

Hormonal disorders leading to decreased testosterone 
concentration in CKD patients include increased prolactin 
concentrations and changed pituitary LH secretion. The 
baseline LH concentrations are high, pulsatile secretion is 
still present but the amplitude is diminished.14 

Hyperprolactinemia in the CKD population is caused by 
both decreased clearance of prolactin and its increased 
production. Furthermore, hyperprolactinemia inhibits 
gonadotropin releasing hormone (GnRH) production.15 

The study by Hylander and Lehtihet revealed a systematic 
increase in serum prolactin concentration with CKD 
progression.16 Our study confirms this observation. In the 
advanced CKD group, serum prolactin and LH concentra-
tions were significantly higher in comparison to the control 
group (Table 1). Negative correlations between FT and 
prolactin as well as LH levels also support this trend.

CKD is recognized as a low-grade inflammatory state 
and increased levels of proinflammatory cytokines in CKD 
patients are widely described in the literature.17 

Subclinical inflammation in the general population is 
responsible for hypothalamus suppression and as a conse-
quence plays an important role in the pathogenesis of 
hypogonadism.18 The inflammatory state is one of the 
factors responsible for decreased testosterone concentra-
tions in the CKD population.3 In our study, both FT and 
TT negatively correlated with CRP concentrations and the 
mean CRP concentration was significantly higher in the 
advanced CKD group. Similar results were presented by 

Cobo et al, who described higher concentrations of inflam-
matory markers (CRP) in a population of hypogonadal 
men with CKD.19

One of the effects of testosterone action on body home-
ostasis is the influence on lipid parameters. In the general 
population, testosterone deficiency is associated with 
increased cholesterol and triglyceride concentrations, as 
well as with a decreased level of HDL.20 In the study by 
Gungor et al, the authors observed associations between 
low testosterone and high values of lipid parameters.21 On 
the other hand, Hylander and Lehtihet observed negative 
correlations between both FT and TT and triglyceride 
serum concentrations.16 In our study, we did not observe 
correlations between either TT or FT concentrations and 
lipid parameters. Moreover, the advanced CKD group had 
lower total cholesterol and LDL concentrations, which 
could be associated with frequent statin usage and/or the 
possibility of coexistent protein-energy wasting (PEW) in 
the advanced CKD group. In our study, significantly lower 
serum albumin concentration and lower LTI were observed 
in the advanced CKD group in comparison to the control 
group. Decreases in these two parameters are included in 
the PEW diagnostic criteria.22

The main component of the LTI is muscle mass. The 
influence of testosterone concentration on muscle formation 
is well known in the general population and in CKD 
patients.23 Loss of muscle mass and strength is associated 
with frailty, and patients with CKD suffer from this disorder 
more frequently than the general population.24 In the present 
study, patients with advanced kidney failure (eGFR <30 mL/ 
min/1.73 m2) had significantly lower LTI in comparison to 
patients with eGFR ≥30 mL/min/1.73 m2. Moreover, decline 
of muscle mass is associated with increased risks of major 
adverse cardiovascular events, kidney disease progression 
and increased mortality.25,26 Among substances which 
directly influence the molecular mechanisms leading to 
muscle wasting are protein-bound uremic toxins such as 
indoxyl sulfate, indole-containing compounds, parathyroid 
hormone, glucocorticoids and angiotensin II.27 In the uremic 
state, reactive oxygen species (ROS) and inflammatory cyto-
kines are present in muscles and enhance myostatin expres-
sion, which induces muscle degradation through the 
ubiquitin–proteasome system.27 In our study, positive corre-
lations between the LTI and TT as well as FT concentrations 
in the whole study population were observed. The lack of 
significant correlations between testosterone concentrations 
and lean tissue in advanced CKD may be associated with the 
small sample size and/or the abnormalities of body 
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composition present in CKD. Cigarrán et al revealed that TT 
deficiency is associated with a loss of fat-free mass and 
correlates negatively with fat mass.28 Another study asses-
sing FT levels and LTI in men on hemodialysis also con-
firms these results in a CKD population.29 On the other 
hand, the study by Amiri et al revealed that a hypogonadal 
state increased the hazard ratio of developing CKD in males 
by 1.26 in comparison to eugonadal men.30

Aside from the influence of testosterone levels on muscle 
mass, this anabolic hormone can also affect fat tissue. Some 
researchers noted an inverse correlation between testosterone 
concentrations and fat mass in individuals with normal kid-
ney function as well as in CKD patients.31 In our study, TT 
levels significantly and negatively correlated with fat para-
meters in the whole study group as well as in the control 
group (individuals with eGFR ≥30 mL/min/1.73 m2). 
Mechanisms which may explain this phenomenon can be 
associated with the fact that fat tissue is a source of aromatase 
and high amounts of leptin. Enzyme aromatase converts 
testosterone to estradiol, which inhibits LH synthesis. 
Likewise, hyperleptinemia inhibits gonadotropins in the pitui-
tary gland and this leads to a decrease in testosterone levels.

Taking into account the influence of testosterone on 
body composition, the replacement therapy of this hor-
mone can be beneficial. In an RCT, Supasyndh et al 
observed an increase in free-fat mass and a decrease in 
fat mass after 24 weeks of oxymetholone supplementation 
in hemodialysis patients.32 However, the exact indications 
and safety of testosterone therapy remain to be evaluated.

Conclusion
The results of our study showed that the degree of kidney 
insufficiency expressed by CKD stages and the decrease in 
muscle mass expressed by the lean tissue index were 
predictors of hypogonadism in CKD patients. CKD 
patients should be screened for hypogonadism when 
GFR decreases to 30 mL/min/1.73 m2. This screening is 
intended for the most vulnerable subgroup of the CKD 
population and may result in beneficial treatment. Our 
observation needs to be evaluated in further studies.
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