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Abstract: Hypogonadism in male patients with chronic renal failure and diabetes
mellitus has been known separately; up to now, the effect of these two diseases
together on testosterone deficiency and the impact of testosterone deficiency on
metabolic values have not been known precisely, therefore in this study we aimed to
investigate testosterone deficiency in patients with diabetes mellitus and chronic renal
failure. Eighty-seven chronic renal failure patients and 45 control patients who were
followed at endocrinology and nephrology clinics were included in the study. After
exclusion criteria, the patients were divided into two groups according to diabetes
mellitus status. Groups were compared according to testosterone levels. Testosterone
deficiency and good groups were compared to blood glucose, Hbalc, and lipid profile
levels. The mean age of 87 CRF patients and 45 people in the control group were
similar (59.85 + 9.99 and 56.67 + 8.56, respectively, p= 0.16). Testosterone deficiency
was 24.1% (21/87) in CRF group and 8.8% (4/45) in control group (p= 0.04). The total
testosterone levels were notably lower in the diabetic-CRF patients, 3.44 £ 1.3 vs. 4.26
+ 1.46 mg/dl (p= 0.02). The testosterone deficient CRF group had higher blood glucose
and HbA1c according to the testosterone sufficient group. (161.20 + 61.24 mg/dl vs
133.25 £+ 59.87 mg/dl blood glucose, p=0.04 and 7.54 + 1.46 vs 6.79 + 1.14 % HbA1c,
p= 0.04). Serum triglyceride and LDL levels did not significantly change between
groups (p=0.20 and 0.76, respectively). Testosterone deficiency in male CRF patients
is not uncommon. Male patients with both T2DM and CRF have more common
testosterone deficiency. In testosterone-sufficient patients, blood glucose regulation
was better. Therefore, in these patients, it may be helpful not to neglect testosterone
deficiency, which affects gonadal function, body metabolism, and cardiac and skeletal
health.
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INTRODUCTION

Chronic renal failure (CRF), a progressive decline in kidney function, poses
difficulties with its typical symptoms. However, it can also cause many hormonal
imbalances, including dysfunction of the gonads, which can affect multiple systems in
the body. Hypogonadism can affect 22-66% of patients with chronic kidney disease
(Neuzillet et al., 2016). This phenomenon may be subtle and discreet in these
patients.; However, its pathophysiology is complex, and its consequences are varied
(Iglesias et al., 2012).

Diabetes mellitus, an ever-growing worldwide pandemic, can be an
accompanying or causative part of chronic kidney failure. Hypogonadism
complications can accompany diabetes due to insulin resistance and other
unexplained mechanisms. Hypogonadism in these patients can lead to cardiovascular
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and musculoskeletal problems and even affect the composition of the body's adipose
tissue (Dandona and Dhindsa, 2011). Previous studies have found increased
hypogonadism in diabetes mellitus and CRF (Barrett-Connor et al., 1990; Oueslati et
al., 2020), however, these studies did not investigate the effect of diabetes mellitus on
hypogonadism in patients with CRF. Therefore we aimed to explore hypogonadism
and its effect on CRF patients according to diabetes mellitus coexistence.

MATERIALS AND METHODS

The study included 87 patients referred to the Departments of Endocrinology
and Metabolism of Nephrology of the Istanbul Research and Education Hospital
between December 2021 and May 2022. Inclusion criteria were at least six months of
chronic renal failure diagnosis, ages 18 to 70, and patients with thyroid disease,
pituitary insufficiency, hyperprolactinemia, and liver failure were excluded from the
study. Forty-five healthy controls who met the above inclusion criteria participated in
the study.

A biochemical evaluation was performed in the morning after a 12-hour fast. It
included the following parameters: blood sugar, HbAlc, urea, creatinine, total
cholesterol, triglycerides, HDLc LDL cholesterol, total testosterone, prolactin, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH). FSH, LH, and total
testosterone were calculated using the enzyme immunoassay method (Roche Cobas).
Hypotestosteronemia is defined as low testosterone levels (<300 ng/dL) (Bhasin et al.,
2010). Creatinine clearance was calculated using the Modification of Diet in Renal
Disease (MDRD) study equation (MDRD) formula. The stages of chronic renal failure
were determined according to the definitions of the National Kidney Foundation.

Data analysis was performed using SPSS 22.0 software. Where appropriate,
the Chi-square test or Fisher's exact test was used for categorical variables to
compare two groups. The student's t-test was used to compare normality distributed
continuous variables of two groups. The Mann-Whitney U-test was used to compare
continuous variables that were not generally distributed between two groups. The
significance level was <0.05. Ethical approval was taken from the Istanbul Research
and Education Hospital (2022/1987). The Helsinki guidelines were followed.

RESULTS AND DISCUSSION

The mean ages of 87 CRF patients and 47 control subjects were similar (59.85
+ 9.99 and 56.67 + 8.56, respectively, p= 0.16). Testosterone, FSH, LH, and prolactin
levels were similar in both groups. Testosterone levels were also lower in the CRF
group; the difference between the CRF group and the control group was not significant
(35.42 + 1.31 in the CRF group vs. 41.02 £ 1.29 in the control group, p = 0.22) (Table
1) Testosterone deficiency was 24.1% (21/87) in the CRF group and 8.8% (4/45) in
the control group (p= 0.04).

Although blood glucose levels were higher in the CRF group, we tried to look
for a difference between diabetic CRF and non-diabetic CRF patients. Of the 76
patients with CRF, 46 had type 2 diabetes, and 30 had no diabetes. The properties of
these two groups are presented in Table 2. Plasma glucose levels were higher in the
CRF group (143.79 £ 59.16) than in the control group (94.93 + 5.16), and the difference
between the two groups was statistically significant (p<0.001). Total testosterone
levels were significantly lower in people with diabetes with CRF (p= 0.02).

The effects of testosterone deficiency are presented in Table 3. 21 CRF patients
were testosterone-deficient. Blood glucose and HbAlc levels were significantly higher
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in the testosterone-deficient CRF group (p= 0.04 for both). This indicates that
testosterone deficiency is more pronounced in CRF patients with diabetes.

Table 1. Study Population Properties

CRF (n=87) Control (n=45) p-value
Age (years) 59.85+9.99 56.67+8.56 0.16
Creatinin (mg/dl) 1.86+1.15 0.63+0.23 <0.01*
GFR (ml/min) 50.21+20.16 103.4749.40 <0.01*
Glucose (mg/dl) 143.79+59.16 94.93+5.16 <0.01*
FSH (miU/ml) 9.67+8.11 7.55+3.21 0.56
LH (miu/ml) 9.98+1.01 4.46+0.42 0.14
Testesterone (ng/dl) 35.42+1.31 41.02+1.29 0.22
Prolactine (ug/l) 20.4+34.71 5.6+4.72 0.46

*p<0.05 (significant), the p-value has a significant effect with marks, t-test.

Table 2: Characteristics Of CRF Groups

CRF-T2DM(+) CRF- T2DM (-) P-value
(n=46) (n=30)
Age (years) 57.4+11.1 61.3+8.4 0.10
Weight (kg) 88.5+11.5 80.3+12.588 0.11
Creatinine (mg/dl) 1.80+0.98 2.12+1.36 0.10
GFR (ml/min) 47.03+23.01 52.26+18.05 0.26
Glucose (mg/dl) 171.5£60.2 91.9+8.8 <0.01*
LDL (mg/dl) 116.3£121.5 123.51+50.45 0.53
Triglyceride (mg/dI) 168.33+171.65 218.80+138.03 0.11
FSH (miU/ml) 9.81+10.9 9.24+5.1 0.26
LH ((miU/ml) 10.19+2.25 9.51+9.86 0.70
Testosterone (ng/dl)  3.44+1.30 4.26+1.46 0.02*
*p-value has a significant effect with marks, t-test
Table 3: Effects Of Testosterone Deficiency
Testosterone Def Testosterone Suf |
CRF (n= 21) CRF (n= 66) p-vaiue
Age (years) 59.73£10.29 58.82+9.79 0.71
Glucose (mg/dl) 161.20+61.24 133.25+59.87 0.04*
HbAlc (%) 7.54+1.46 6.79+1.14 0.04*
LDL (mg/dI) 127.11+32.14 121.12452.21 0.76
Triglyceride (mg/dl)  229.09+139.96 186.65+121.02 0.20
25 (OH) D (mg/dI) 19.8549.24 22.89+20.15 0.46

*p<0.05 (significant, Student's t-test)

The current study showed that testosterone deficiency is common in CRF
patients and more common in patients with T2DM and CRF, and in deficient patients,
mean glucose and HbAlc levels were higher.

It has been known that diabetes mellitus and CRF are chronic diseases that
can facilitate hypogonadism in men. Barrett-Connor et al. found that 21% of men with
T2DM had lower serum testosterone below 3.5 ng/ml, whereas 13% had lower
testosterone in healthy subjects. (Barrett-Connor et al., 1990). According to a meta-
analysis, diabetes patients have lower testosterone, and this significant relationship
remained constant even when adjusted with BMI and age. (Ding et al., 2006) There
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are several mechanisms proposed for testosterone deficiency in T2DM. First is a
resistance to leptin in obese patients, which has been shown to promote testosterone
stimulation in rat Leydig cells. (Caprio et al., 1999), Moreover, it has been
demonstrated that increased insilin resistance slowed testosterone secretion in
Leydig cells (Pitteloud et al., 2005), Furthermore, central instilin resistance in brain
cells, which can impair testosterone and LH concentrations, was proposed as another
mechanism (Bruning et al., 2000).

CREF itself is associated with hypogonadism (Oueslati et al., 2020). This was
attributed to the suppressed gonadal axis in these patients (Handelsman, 1985).
Uremia facilitated oxidative stress (Vaziri, 2004), malnutrition, and multiple
deficiencies (Cavalli et al., 2010) could be the other reasons. Moreover, both T2DM
and CRF accompanying atherosclerosis and hypertension can cause urologic
problems (Isidori & Lenzi, 2005). CRF is associated with increased prolactin levels; in
our study, we found non-significant prolactin elevation in CRF patients, but it was in a
stage that could not be clinically taken into account (Vilar et al., 2019). Additionally, it
has been shown that low serum testosterone level is detrimental to kidney function
(van der Burgh et al., 2022).

These factors explained here could be related to the current study's findings,
which found higher glucose and HbA1c in testosterone deficient patients (Table 3).
Diabetes and CRF differently have been related to hypogonadism, and this
cooccurrence increases the frequency of testosterone deficiency, according to our
study (Table 2).

Testosterone deficiency in CRF patients could impose additional health
damage. Testosterone deficiency causes more profound anemia because
testosterone itself promotes erythropoiesis (Ballal et al., 1991). Testosterone
promotes muscle anabolism and protein synthesis; without testosterone, sarcopenia
can develop, and the neuromuscular and cardiovascular systems could harm
significantly (Handelsman & Liu, 1998). Considerable evidence suggests that
androgen deficiency was associated with all cardiovascular mortality (Khaw et al.,
2007). Furthermore, these were supported by several studies focused on the
cardiovascular benefits of testosterone, one of which stimulates nitric oxide synthesis
or endothelial progenitor cells (Hotta et al., 2019; Gaba et al., 2018).

The limitations of this study are its cross-sectional design; however, a detailed
analysis of all the patients was done meticulously.Therefore current study highlighted
a critical and non-dismissable topic in CRF. A particular focus should be given to T2DM
patients with CRF. Further studies should investigate the mechanism deeply behind
these associations.

CONCLUSION

Testosterone deficiency in male CRF patients is not rare; male patients with
T2DM and CRF have more common testosterone deficiency. Since this hormone
plays an essential role not only in sexual health but also in cardiac, muscle, and other
vital systems, it is necessary not to disregard this hormone in the follow-up of CRF,
especially in patients with diabetes.
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