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Possible role of elevated serum testosterone in 
pathogenesis of renal stone formation

Kapil Gupta, Gurpreet Singh Gill1, Rajiv Mahajan2

Departments of Biochemistry and 1Surgery, 2Pharmacology, Adesh Institute of Medical Sciences and Research, Bathinda, Punjab, India

Abstract

Background: Urolithiasis or renal stone formation occurs with three times higher frequency in males and decreases with 
age in parallel with the serum testosterone levels, suggesting a role played by male sex hormones. Androgens appear a 
promotion action and estrogens an inhibitory action on kidney stone formation in several animal models suggesting a study to 
be carried out to deduce the role played by serum testosterone in the formation of renal stones. Aim: The aim of this study 
is to define the involvement of serum total testosterone, free testosterone, and dihydrotestosterone in the pathogenesis of 
urolithiasis in males by comparing the results with healthy males with no present or past history of urolithiasis as controls. 
Materials and Methods: A case–control study was undertaken with 108 participants: 78 males diagnosed with urolithiasis 
and 30 age‑matched healthy males. Results: The difference between mean age and body mass index of patients and controls 
were found to be nonsignificant. The total serum testosterone levels, serum dihydrotestosterone levels, were found to be 
higher in patients when compared to controls, and the difference was found to be significant. The levels of free testosterone 
and serum estradiol were also found to be higher in urolithiatic patients. Conclusion: The study demonstrates that elevated 
levels of serum testosterone and serum dihydrotestosterone might be involved in increased incidences of stone formation. The 
higher levels of estradiol do not seem to be a protective factor in males with urolithiasis with higher serum testosterone levels.
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Introduction

Urolithiasis occurs with greater frequency in males with 
incidences three times higher compared to females indicating 
some role played by androgens.[1] Stone formation in renal 
tissues before puberty is similar between males and females,[2] 
whereas greater frequency is seen in third to the fourth decade 
of life when the levels of serum testosterone are also the 
highest in males.[3] With advancing age, the probability for stone 

formation also decreases as consistent with the decline in 
serum testosterone levels with more than 20% of healthy men 
over 60 years of age presenting with serum levels of hormone 
below the range for young men.[4] In menopausal females, the 
frequency for stone formation is considered more compared 
with premenopausal postulated mainly due to low estrogen 
levels.[5] The upregulation of androgen receptors in patients 
with urolithiasis,[6] higher androgen levels in renal stone 
patients and low urinary oxalate excretion in castrated males 
further augment the possible role of male sex hormones in 
the pathogenesis of urolithiasis.[7]

Hormones can exert their effect either through a change 
in their serum levels or by an alteration in their receptor 
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activity.[8] Testosterone appears to promote stone formation 
by suppressing osteopontin expression in kidneys and 
increasing urinary oxalate excretion,[9] whereas reverse action 
is suggested by estrogen in an animal model of urolithiasis. 
Watson et al. in 2010 also reported higher serum total 
testosterone levels in male stone formers compared with a 
similar cohort without stones indicating that testosterone 
may be a risk factor for stone formation.[10] Although one 
study proposed that urolithiasis is associated with low serum 
testosterone levels in men,[11] the possibility of testosterone 
involvement in the pathogenesis of renal stones cannot be 
denied.

So far, the association between serum gonadal steroids and 
urolithiasis in males has received limited attention and only 
in the small group of patients. Hence to further investigate 
the role of testosterone in the pathogenesis of urolithiasis, 
this study was carried with the aim to find serum levels of 
male sex hormones in patients with renal stones compared 
to controls.

Materials and Methods
Study subjects
Seventy‑eight males with age group 20–52 years diagnosed 
with urolithiasis and visiting the Urology and Biochemistry 
Department of Adesh Institute of Medical Sciences and Research 
and 30 healthy age‑matched individuals with no present or past 
history of urolithiasis were enrolled for the study. The exclusion 
criteria included hyperthyroidism, primary hyperparathyroidism, 
intestinal malabsorption, primary hyperoxaluria, recurrent or 
active urinary tract infections, present or past history of renal 
transplantation, any liver disease, metabolic syndrome, gout, and 
renal failure (chronic or acute).

Study protocol
All patients and controls underwent anthropometric and 
demographic measurements. A detailed history with full clinical 
examination and written informed consent was obtained from 
each participant. This study was approved by the Institutional 
Ethical Committee and Thesis Research Committee.

Specimen collection
A volume of 2 ml of blood samples were obtained before 
any medical or surgical intervention by venipuncture under 
all aseptic conditions. Samples were allowed to clot at room 
temperature. Serum was separated by centrifugation at 
3500 × g for 10 min. The separated serum samples were 
immediately processed for biochemical estimations or stored 
at ‑20°C for further use. Out of 78 urolithiatic patients, 
in 52 stone was removed with operative procedures and 
collected for further biochemical analysis.

Biochemical analysis
Serum free testosterone, serum total testosterone, serum 
dihydrotestosteone, serum estradiol were estimated on 
AIA‑360, fully automatic analyzer Tosoh, Japan with kits from 
Alere, Tosoh, Japan. Stones collected from urolithiatic patients 
were crushed to homogeneous powered form and subjected 
to battery of biochemical tests for the presence of calcium, 
magnesium, phosphates, oxalates, cystine, and uric acid.

Statistical analysis
All statistical analysis in the study was performed using SPSS for 
Windows, Version 16.0. Chicago, SPSS Inc. The results of laboratory 
tests in the study and control groups were summarized as a 
mean ± standard deviation. Comparison between subjects (both 
participating groups) was carried out using Student’s unpaired 
t‑test. 95% confidence interval was taken into consideration and 
P < 0.05 was considered statistically significant.

Results

As shown in Table 1, the difference between mean age and 
body mass index (BMI) of patients (44.60 ± 3.96, 24.30 ± 3.26) 
and controls (42.44 ± 4.32, 26.00 ± 2.88) were found to be 
nonsignificant (P = 1.65, 6.23), respectively. The total serum 
testosterone levels, serum dihydrotestosterone levels, were 
found to be higher in patients (5.52 ± 3.96, 419.23 ± 7.82), 
when compared to controls (4.36 ± 2.20, 300.10 ± 2.30) and 
the difference was found to be significant (P = 0.02, P = 0.03). 
The levels of free testosterone and serum estradiol were 
although found to be higher in patients (6.35 ± 3.06), but the 
difference was not statistically significant (P = 0.06, P = 0.12).

For stone analysis of 52 patients, in most of the patients, 
calcium oxalate stone (n = 39 patients, 75%) and mixed stones 
of calcium oxalate and calcium phosphate (n = 5, 9.6%) were 
found followed by uric acid and struvite [Table 2].

Discussion

In our age‑matched case–control study, no association was 
found between frequency of urolithiasis and age or BMI. It is 

Table 1: Comparison of gonadal sex hormones in controls and 
urolithiatic patients

Variables Groups P
Controls (n=30) Patients (n=78)

Age 42.44±4.32 44.60±3.96 1.65
Body mass index 26.00±2.88 24.30±3.26 6.23
Total testosterone (ng/dl) 4.36±2.20 5.52±3.96 0.02
Free testosterone (ng/dl) 5.82±1.09 6.35±3.06 0.06
Dihydrotestosterone (pg/ml) 300.10±2.30 419.23±7.82 0.03
Estradiol (pg/ml) 22.43±9.66 30.69±6.35 0.12
All results are expressed in mean±SD. SD: Standard deviation
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reported that obesity and weight gain increase the risk for 
kidney stone formation.[12] However, the prevalence of stone 
disease may not increase in concert with increasingly obese 
BMI values when the BMI values are below the threshold of 
30 kg/m2.[13] Consistent with these reports, the values of BMI 
in both the patient population and control group was found 
to be below 30 kg/m2.

Serum testosterone was found to be higher in patients with 
urolithiasis, consistent with the earlier conclusions of Naghii 
et al.[7] and Watson et al.[10] that serum total testosterone 
levels tend to be in higher range in urolithiatic patients than 
controls. In animal models of urolithiasis also extensive crystal 
deposition in renal tissues have been reported in male rats, 
testosterone administrated male and female rats, whereas 
few crystal deposits are reported in intact females, castrated 
females, castrated males and estradiol administrated males 
indicating that testosterone is a promoter and estradiol is an 
inhibitor of kidney crystal deposition because of their effect 
on plasma and urinary oxalate metabolism.[14‑16]

Testosterone is reported to promote renal stone formation 
by suppressing renal osteopontin expression and increasing 
urinary oxalate excretion.[9] It tends to increase the 
hepatic levels of glycolic acid oxidase (GAO), an enzyme in 
metabolic pathway for urinary oxalate synthesis resulting in 
hyperoxaluria;[17] therefore, it is postulated that elevated levels 
of testosterone in urolithiatic patients may lead to increase in 
synthesis of GAO, resulting in increased excretion of oxalate 
in urine and so more incidences of urinary calcium oxalate 
stone formation. This was also evident in present patient 
population with more number of patients found with stones 
of calcium oxalate and mixed stones of calcium oxalate 
and phosphate confirming disturbed oxalate metabolism. 
Although in India more incidences of calcium oxalate stones 
are reported,[18] androgen screening should be ensured in 
these urolithiatic patients to reveal the one of underlying cause. 
This is again consistent with the findings that stone forming 
men excrete more calcium and oxalate (two important 
promoters of lithogenesis), while less citrate (an important 
inhibitor of lithogenesis) than women.[19,20] In one study, the 
low serum testosterone was observed in urolithiatic patients 
with metabolic syndrome,[11] but in this study, the urolithiatic 

patient with metabolic syndrome were excluded, so giving 
birth to hypothesis that metabolic syndrome along with 
urolithiasis may lead to lowering of serum testosterone levels. 
Similarly in another study, although no significant difference 
was found between serum levels of testosterone between 
the active stone formers (ASF) and control groups, serum 
testosterone was related to higher urinary excretion of uric 
acid in ASF patients and to higher urinary excretion of oxalate 
in the control group raising the possibility that testosterone 
may be involved in the pathogenesis of renal stones through 
higher urinary uric acid and oxalate.[8]

The free testosterone is considered as the biologically active 
form of hormone interacting at target tissue receptors,[21] 
whereas dihydrotestosterone, a more potent form produced 
from testosterone by cytosomal enzyme 5α‑reductase, was 
found to be partially responsible for exaggerated hyperoxaluria 
in rat ethylene glycol model of urolithiasis.[22] In this study, 
increased levels of free testosterone and dihydrotestosterone 
were reported and elevation in the later was significant indicating 
the possible effect of more potent form of testosterone on 
stone formation in urolithiatic patients. Similar results were 
obtained by Nath et al. with higher serum free and total 
testosterone and 24 h of urinary oxalate in male stone formers 
with a positive correlation between serum testosterone and 
urinary oxalate.[23] In another case report also, the results of 
twice repeated estimation of testosterone, free testosterone, 
dihydrotestosterone, estradiol, and sex hormone binding 
globulin revealed hyperandrogenicity, indicating the association 
between serum testosterone and urolithiasis.[24]

The higher serum level of estradiol is considered a protective 
factor from stone formation as indicated in naturally 
postmenopausal women who suffer less from kidney calcium 
oxalate stones.[25] The higher levels of estradiol in this study 
indicated a higher rate of conversion of total testosterone 
into estradiol, but still they fail to protect from urolithiasis. 
The possible explanation may be the only decreased levels of 
testosterone along with higher estradiol acts as a protective 
measure for urolithiasis, which was not observed in this patient 
group. This is again supported by the findings that in women 
with polycystic ovary syndrome, hyperandrogenism triggers 
the urinary stone formation and is known to be a risk factor 
in the formation of urinary stone disease.[26]

In this study, elevated levels of serum total testosterone, free 
testosterone and dihydrotestosterone indicate a positive 
correlation between the frequency of stone formation and 
male sex hormones, indicating that these hormones might play 
a pivotal role in pathogenesis of stone formation either by up 
regulation of receptors, increased activity of these enzymes 
or by some other mechanism yet to be discovered. The exact 

Table 2: Distribution of types of stone in urolithiatic patients (n=52)

Stone composition Number of patients with 
particular type of stone (%)

Calcium oxalate stone 39 (75)
Mixed calcium oxalate 
and calcium phosphate

5 (9.6)

Uric acid 4 (7.6)
Struvite 3 (5.7)
Cystine 1 (1.9)
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mechanism for the possible role of elevated testosterone as 
one of the causative agent for urolithiasis is still to be explained, 
but the therapeutic approached can be aimed to decrease the 
levels of testosterone or its bioavailability to relieve the agony 
of urolithiatic patients.

Conclusion

Increase in serum testosterone appears to promote the 
formation of renal stone in a mechanism yet to be elucidated 
clearly. The increase in serum estradiol levels does not appear 
to have a protective role in urolithiatic males.
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