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Abstract
The aim of this study was to compare the clinical characteristics of uric acid stones and their potential risk for chronic kidney 
disease (CKD). A total of 401 patients (196 with uric acid stone and 205 without) were enrolled from our database of patients 
with urolithiasis. We analyzed the clinical demographic features, stone location, urine chemistries, and renal function. There 
was a significant difference (p < 0.001) between the two groups in terms of age, with the higher mean age in the uric acid 
group. Patients with uric acid stones had much lower pH of urine (p < 0.001) and higher serum uric acid level (p = 0.002). 
Notably, those with uric acid stones had worse eGFR than those with non-uric acid stones. Multivariate analysis confirmed 
that age over 60 years (ORs = 9.19; 95% CI 3.5–24.3), female sex (ORs = 4.01; 95% CI 1.8-9.0), hyperuricemia (ORs = 8.47; 
95% CI 1.6–43.5), and uric acid stone (OR = 2.86; 95% CI 1.2–6.7) were the independent predictors of poor prognoses in 
CKD. Therefore, an association exists between uric acid stones and higher prevalence of CKD. Patients with uric acid stones 
may need close monitoring of renal function during follow-up.
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Introduction

Urolithiasis is not an uncommon disease. It affects 12% of 
men and 6% of women in their lifetime and is considered a 
vital public health issue with a substantial burden on human 
health and considerable national economic consequences 
[1, 2]. The majority of these patients develop calcium-con-
taining stones, with approximately half of them developing 
a combination of calcium oxalate and calcium phosphate 
stones. Among non-calcium-containing stones, uric acid 
stones comprise 8–10% of all kidney stones in the USA 
[3]. The formation of uric acid stones has been identified in 

patients with high urine uric acid excretion and acidic urine. 
Uric acid stones may contain pure uric acid, sodium urate, 
ammonium urate, or other purine. Since uric acid stones are 
radiolucent, the diagnosis may be missed on plain radiogra-
phy. Currently, non-contrast-enhanced computerized tomog-
raphy (CT) scan is the preferred radiologic test to establish 
the presence of such a stone. Previous reports have showed 
that the two major determinants of uric acid stone formation 
were climate and diet [4]. Higher fluid losses in hot and dry 
weather may decrease urinary volume and pH. The inci-
dence of uric acid stone may increase as a result of global 
warming. Protein-rich food also causes a fall in urinary pH 
and increased uric acid excretion. Moreover, uric acid stone 
formation is frequently associated with obesity, metabolic 
syndrome (MetS), and type 2 diabetes mellitus, which were 
postulated to reduce ammoniagenesis and result in low urine 
pH [5, 6]. A recent review article [7] concluded that uro-
lithiasis may cause chronic kidney disease (CKD) and sug-
gested that the assessment of renal function is mandatory 
in renal stone disease. Moreover, even after the resolution 
of the stone, patients may continue to suffer from higher 
cystatin C levels and proteinuria that may increase the long-
term risk of CKD [8]. Till now, our understanding of the 
pathophysiologic mechanisms accounting for the decrease 
in renal outcomes and urolithiasis remains limited. Previous 
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investigations have shown a significant risk of urolithiasis 
and CKD among patients with any type of renal stone inde-
pendent of other risk factors; however, less amount of data 
focuses on the risk attributable to the specific stone types 
[9, 10]. It is difficult to analyze the composition of stones 
or urine in population-based studies. Previous studies have 
demonstrated that patients with uric acid, calcium oxalate, 
apatite, and struvite stones had lower creatinine levels than 
the normal population [11]. We previously showed that the 
patients with uric acid stones had the lowest estimated glo-
merular filtration rate among others [10]. Despite evidence 
of CKD in patients with uric acid stones, less data exist 
regarding the clinical implications. Therefore, we aim to 
evaluate the change in renal function and the risk of devel-
oping CKD in patients with uric acid stones compared with 
those without uric acid stones.

Materials and methods

The present study was approved by the Institutional Review 
Board of the Kaohsiung Medical University Hospital. Our 
hospital database contained records of patients with urolithi-
asis from March 2013 to May 2016. Patients were separated 
into two groups: the uric acid stone group and the non-uric 
acid stone group. All patients had radiological evidence of 
urinary stones. Clinical data were retrospectively collected. 
Renal function was evaluated with estimated glomerular 
filtration rage (eGFR) using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) creatinine-based 
formula [12]. Pre-operation and post-operation follow-up 
renal functions were recorded. CKD was defined as an 
eGFR less than 60 ml/min/1.73 m2. We excluded patients 
with solitary kidneys, congenital renal anomalies, severe 
urinary obstruction, and autosomal dominant polycystic kid-
ney disease. Stone compositions were analyzed by Fourier 
transform infrared spectroscopy. Images were analyzed and 
reported separately by two different doctors.

Statistical analysis

All values are expressed as a mean ± standard deviation 
(SD), rate, or median (range). Differences between categori-
cal parameters were assessed using a χ2 or Fisher’s exact test, 
whichever was appropriate. Fisher’s exact test was used when 
the amount of data was small. Continuous parameters were 
assessed using a t test or Mann–Whitney–Wilcoxon test. 
Risk factors for CKD were derived using univariate testing. 
Only those variables for which p < 0.05 were considered for 
the model. Once we identified these potential risk factors, a 
multivariate stepwise logistic regression analysis was used to 
identify independent prognostic factors. Clinical data were 
analyzed separately in the univariate analysis. Significant 

factors were used for the multivariate analysis. The independ-
ent prognostic factors in the final model are presented with 
odds ratios (ORs). The odds ratio predicts the magnitude of the 
influence of the risk factor on developing CKD when present, 
compared with its absence. Statistical significance was set at 
p < 0.05. SPSS 20.0J (SPSS Inc., Chicago, IL, USA) was used 
for all statistical analyses.

Results

We included 196 patients with uric acid stones (uric acid 
group) and 205 with non-uric acid stones (non-uric acid 
group). The average age of patients was 57.2 ± 14.0 years 
and 40% of the patients were older than 60 years. There was 
a significant difference (p < 0.001) between the two groups in 
terms of age, with an older mean age in the uric acid group. 
The majority of the patients (77.1%) were male. Patients 
with uric acid stones had much lower pH of urine (p < 0.001) 
and higher serum uric acid level (p = 0.002). Hypertension 
was present in 35.4% of the patients; 15.2% of the patients 
had diabetes, 6.7% had a history of dyslipidemia, 27.9% had 
a history of gout, and 21.2% of the patients had hyperurice-
mia. The average pre-operation and post-operation eGFR 
were 81.4 ± 19.8 and 85.5 ± 20.9 ml/min/1.73 m2, respec-
tively. The average follow-up time was 6.6 ± 4.3 months. 
Notably, those with uric acid stones had worse eGFR than 
those with non-uric acid stones (p < 0.001; Table 1, 2). We 
further compared the basic characteristics across post-oper-
ation follow-up eGFR level. Univariate analysis showed that 
age over 60 years, female sex, diabetes, hyperuricemia, and 
uric acid stone were the risk factors for CKD. Multivari-
ate analysis confirmed that age over 60 years (ORs = 9.19; 
95% CI 3.5–24.3), female sex (ORs = 4.01; 95% CI 1.8–9.0), 
hyperuricemia (ORs = 8.47; 95% CI 1.6–43.5), and uric acid 
stone (OR = 2.86; 95% CI 1.2–6.7) were the independent 
predictors of poor prognoses in CKD (Table 3). Within 
non-uric acid stones group, 135 (65.9%) patients had cal-
cium oxalate mixed with calcium phosphate stones, while 
44 (21.5%) had calcium oxalate stones, 21 (10.2%) had cal-
cium phosphate stones, 3 (1.5%) had brushite stones, and 2 
(1.0%) had non-calcium struvite stones. The eGFR values 
were 90.2 ± 21.2, 87.1 ± 25.3, 88.6 ± 31.0, 76.0 ± 25.6, and 
72.0 ± 32.6 ml/min/1.73 m2 in patients with calcium oxa-
late mixed with calcium phosphate stones, calcium oxalate 
stones, calcium phosphate stones, brushite stones, and stru-
vite stones, respectively (Supplementary table).

Discussion

A recent population-based, retrospective study revealed that 
urolithiasis itself significantly increases the risk of hyper-
tension and chronic kidney disease, with a hazard ratio of 
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1.42 for hypertension and 1.82 for chronic kidney disease 
[13]. Due to the heterogeneous nature of renal stones and 
their formation, the link between urolithiasis and CKD is 
likely multifactorial [14]. The reasons for impaired kidney 
function in patients with renal stones include obstruction, 
infection, and stone burden [15]. Ureteral obstruction and 
subsequent hydronephrosis may lead to vasoconstriction and 
increased intratubular pressure [16], which causes decline in 
GFR and renal blood flow. Furthermore, the obstruction may 

be associated with matrix deposition related to interstitial 
volume expansion, fibroblast proliferation, and monocyte 
infiltration [17, 18].

The risk of CKD also varies by the composition of the 
renal stone [9–11]. It is difficult to analyze the effects of 
different stones on renal function using population-based 
studies, which often lack data of granular details, stone anal-
yses, or urine chemistry [9]. Previous reports have demon-
strated that patients with uric acid stones had a much lower 
creatinine clearance than those with other types of stones 
or healthy patients [10, 11, 19]. Kadlec et al. showed that 
eGFR was significantly divergent from the stone composi-
tion, with uric acid stones associated with a lower eGFR 
and calcium phosphate stones associated with a greater Egfr 
[19]. In our results, uric acid stones were predominantly seen 
in patients with eGFR < 60 ml/min/1.73 m2 (the prevalence 
of eGFR < 60 ml/min/1.73 m2 in the uric acid stone vs. non-
uric acid stone group: 48.2 vs. 25.2%; p < 0.001). We also 
demonstrated that the prevalence of uric acid stones was 
higher in patients with CKD (eGFR < 60 ml/min/1.73 m2; 
uric acid stone vs. non-uric acid stone: 14.3 vs. 4.9%). Pre-
vious studies have reported that uric acid stone formation 
is frequently associated with obesity, metabolic syndrome 

Table 1   Basic characteristics 
according to stone composition 
(N = 401)

UA uric acid

Variables UA stone (N = 196) Non-UA stone 
(N = 205)

Odds ratios 95% CI P value

N (%) N (%)

Age (years) 60.5 ± 13.8 53.8 ± 13.5 < 0.001
Male gender 162 (82.7) 147 (71.7) 1.15 1.1–1.3
Urine PH 5.5 ± 0.6 5.9 ± 0.7 < 0.001
Serum uric acid 7.5 ± 2.2 6.4 ± 1.9 0.002
Comorbidities
 Hypertension 62 (31.6) 80 (39.0) 0.81 0.6–1.1
 Diabetes 30 (15.3) 31 (15.1) 1.01 0.6–1.6
 Dyslipidemia 10 (5.1) 17 (8.3) 0.62 0.3–1.3
 Gout 74 (37.9) 38 (18.6) 2.04 1.5–2.9
 Hyperuricemia 56 (28.6) 29 (14.4) 2.02 1.3–3.0

eGFR (ml/min/1.73 m2)
Pre-operation 76.7 ± 20.0 86.0 ± 18.5 < 0.001
Post-operation 80.1 ± 20.9 90.7 ± 19.7 < 0.001

Table 2   Basic characteristics 
according to post-operation 
renal function

Variables eGFR < 60 (N = 38) eGFR ≥ 60 (N = 363) Odds ratios 95% CI P value
N (%) N (%)

Age (years) 69.1 ± 11.3 55.8 ± 13.7 < 0.001
Male gender 19 (50.0) 290 (79.9) 0.63 0.5–0.9
Urine PH 5.5 ± 0.5 5.7 ± 0.7 0.05
Serum uric acid 7.6 ± 2.5 6.9 ± 2.1 0.238
Uric acid stone 28 (73.7) 168 (46.3) 1.59 1.3–2.0

Table 3   Independent risk factors for eGFR lower than 60 (ml/
min/1.73 m2)

Variables Odds ratios 95% CI

Age
 Age over 60 9.19 3.5–24.3

Gender
 Female 4.01 1.8–9.0

Comorbidities
 Hyperuricemia 8.47 1.6–43.5

Stone composition
 Uric acid 2.86 1.2–6.7
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(MetS), and type 2 diabetes mellitus (T2D) [5, 6]. MetS is 
becoming more common due to the increasing prevalence of 
obesity across the globe and the burden of MetS is expected 
to rise rapidly. It is biologically plausible to understand the 
relationship between MetS and CKD [20]. Insulin resistance 
was often observed among patients with visceral obesity, 
who are also at risk for diminished filtration [21]. There-
fore, visceral obesity, not overweight or obesity by itself, 
may be a more sensitive predictor of kidney disease than 
BMI [22]. The interaction between adipocytes, a significant 
origin of inflammatory and immunomodulatory factors, and 
macrophages may contribute to insulin resistance and many 
of the features that characterize MetS. The development of 
eGFR < 60 (ml/min/1.73 m2) and microalbuminuria or overt 
proteinuria was proved to be associated with MetS [23, 24]. 
Another longitudinal study with focus on the association 
between Mets and CKD in a non-Asiatic cohort of patients 
with T2D showed 41% incidence and 33% increased risk 
for the development of low eGFR and albuminuria, respec-
tively, among patients with Mets [25]. Obviously, patients 
with more comorbid conditions may suffer from worse renal 
dysfunction, which suggests that a proportion of the loss of 
renal function may be contributed to a comorbidity. Though 
several previous studies have showed a relationship between 
urolithiasis and CKD, it is still being debated if the stone is 
the primary cause of CKD or just a contributing risk factor. 
Kidney stones are not directly thought to be the primary 
cause of decreased renal function, but they may be impor-
tant contributing factors, and further studies are still needed 
[9]. One possible hypothesis concerning the uric acid stone 
could be an explanation for our results. For patients with uric 
acid stone, the incidence of hyperuricemia is much higher 
than those with non-uric acid stone (ORs = 2.02; 95% CI 
1.3–3.0). Chou et al. reported that patients with progres-
sively elevated level of serum uric acid had significantly 
higher risk of developing CKD compared to subjects with 
persistently low serum uric acid level after adjustment for 
potential confounders [26]. Uric acid may play a much dev-
astating role in the deterioration of kidney function com-
pared to other stone components. Finally, other possible rea-
sons accounting for the excess risk of loss of kidney function 
are the surgical or percutaneous treatments used (rather than 
the stones themselves). Sairam et al. revealed that those with 
more advanced CKD tended to have experienced a greater 
proportion of previous operations, particularly previous per-
cutaneous nephrolithotomy (PCNL) [27]. Clearly, a complex 
interaction between stone disease, interventions, chronic 
infections, and poor drainage impacts renal function [27].

There are several limitations to our study. First, this was 
a retrospective analysis. As with most retrospective stud-
ies, data may be subject to incomplete, missing, or inac-
curate reporting of events. Second, a relatively lower pro-
portion of patients with renal stones who could be treated 

conservatively and different stone burdens may have diverse 
effects on subsequent CKD. The database did not record 
stone size and the numbers of episodes; therefore, we did 
not analyze their impact on CKD. Third, other predisposing 
factors, such as smoking, family history, and dietary habits, 
were not adjusted in our study. Fourth, selection bias may 
occur during identification of the study population. Fifth, 
the serum creatinine was not determined by the standard 
isotope dilution-liquid chromatography–mass spectrometry 
(IDLCMS) method, interference may occur in plasma creati-
nine assays. Despite these limitations, this study is based on 
one of the largest databases of uric acid stones in the world.

Conclusion

An association exists between uric acid stones and higher 
prevalence of CKD. Patients with uric acid stones were 
older, predominantly male, and had higher serum uric acid 
level and had lower urine pH. The policy of monitoring renal 
function during follow-up of uric acid stone formers is a gen-
eral policy in stone formers as suggested by the Consensus 
statement [28].
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