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Abstract
Objective: To clarify the clinical and laboratory characteristics of nephrolithiasis in 
gout by computed tomography (CT).
Methods: In 350 gout patients, unenhanced CT was performed at the 1st visit to 
hospital. Calculus density spots exceeding 1 mm in diameter with a CT value >120 
Hounsfield units in the kidneys were defined as kidney stones. The association be-
tween laterality and the number of stones was investigated in each stone carrier. The 
350 patients were classified into three groups (bilateral, unilateral and non‐stone car-
riers). Then serum urate (Sua), renal function, uric acid metabolism, and the preva-
lence of metabolic syndrome (Mets) were compared among these groups by the 
Tukey‐Kramer test or Fisher’s exact test.
Results: Kidney stone(s) were detected in 108 (31%) of the 350 patients (bilateral in 
58 and unilateral in 50). In 64 of the 108 patients (59%), there was no history of uro-
lithiasis. Sua, serum creatinine and uric acid clearance were significantly higher 
(P = 0.001, P < 0.001, P = 0.043, respectively), while the estimated glomerular filtra-
tion rate was significantly lower (P = 0.039) in bilateral stone carriers than in non‐
stone carriers. No significant differences of uric acid metabolism or the prevalence of 
Mets were noted among the three groups.
Conclusions: Approximately one‐third of gout patients had kidney stones and more 
than half of the patients with stones were bilateral and multiple stone carriers. 
Elevation of Sua might increase the stone burden in gout, leading to more severe 
renal dysfunction. An association between nephrolithiasis and Mets was not demon-
strated in gout patients.
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1  | INTRODUC TION

Urolithiasis is one of the important complications of gout, and var-
ious aspects of the relation between these two conditions have 
already been studied. Although certain clinical consequences of 
the association between gout and urolithiasis have been reported, 
many uncertainties still remain, including the prevalence of urolithi-
asis in patients with gout. For example, Yu and Gutman,1 Fessel2 and 
Kramer et al3 reported that the prevalence of urolithiasis in gout pa-
tients was 22%, 15%, and 13.9%, respectively. The clinical profiles 
of the patients in each study also differed somewhat. We suspected 
that the main reason for the variation in prevalence and clinical pro-
files was that all of these studies were based on a clinical history 
of urolithiasis. We previously performed a computed tomography 
(CT) survey of 463 gout patients and found nephrolithiasis in 34% 
of them, while only 16% had a history of urolithiasis, that is 68% of 
the patients with kidney stones confirmed by CT had no clinical his-
tory of urolithiasis.4 These findings raise the question as to whether 
studies investigating the clinical profile of patients with a history of 
urolithiasis can reflect the real profile of patients who actually have 
kidney stones. In the present study, we performed unenhanced CT 
to identify gout patients with kidney stones in order to fully explore 
the profile of gout associated with nephrolithiasis.

2  | SUBJEC TS AND METHODS

2.1 | Subjects

Three hundred and fifty patients were recruited for this study from 
among 408 patients who visited the Gout Clinic of Midorigaoka 
Hospital and were diagnosed as gout in a recent 4‐year period. 
Patients aged over 70 years and those who did not undergo CT 
examination and/or clearance test were excluded from the 408 pa-
tients. The remaining 350 patients were all men aged from 25 to 
70 years (mean ±SD, 46.9 ± 10.4; median, 45.8 years) and diagnosed 
with acute gout according to American College of Rheumatology 
1977 criteria.5

2.2 | Methods

This study is an observational cross‐sectional study, and was ap-
proved by the ethics review board of Midorigaoka Hospital. After 
providing informed consent, the 350 patients underwent CT using an 
Aquilion 64 (Toshiba, Tokyo, Japan) helical scanner within 1 month 
of the 1st hospital visit. Imaging was conducted under the following 
conditions without contrast enhancement: collimation of 0.5 mm, a 
helical pitch of 23, and a beam pitch of 0.84. Images were recon-
structed with a 3‐mm slice interval. To search for renal calculi, axial 
and coronal sections were reviewed on a monitor using the Picture 
Archiving and Communication System. Images were printed for fur-
ther assessment, if necessary. The laterality, size, number, location, 
and CT value of renal calculi were examined with reference to previ-
ous reports.6-11 A calculus density spot >1.0 mm in diameter with 

a CT value exceeding 120 Hounsfield units (HU) on a coronal scan 
was defined as a “kidney stone”. Patients with at least 1 kidney stone 
confirmed by CT were classified as “stone carriers”.

2.3 | Prevalence of nephrolithiasis in gout patients

The prevalence of nephrolithiasis was examined in the 350 pa-
tients by CT according to the above definition. The history of uro-
lithiasis was also investigated, with patients who answered yes to 
either of the following questions being considered to have a his-
tory of urolithiasis. (a) “Have you ever experienced spontaneous 
passage of a kidney stone, gravel, or sand or had any treatment for 
urinary tract stones?” (b) “Have you ever noted symptoms such as 
flank pain and/or hematuria with confirmation of kidney stones by 
ultrasonography or radiography?” Then the history‐based preva-
lence of urolithiasis was calculated and compared with the preva-
lence confirmed by CT.

2.4 | Association between laterality of 
nephrolithiasis and the number of stones

Each patient with nephrolithiasis on unenhanced CT scans was clas-
sified as a unilateral or bilateral stone carrier, and we also counted 
the number of stones. Then we investigated the association be-
tween the laterality of nephrolithiasis and the number of stones.

2.5 | Clinical and laboratory characteristics of gout 
patients with and without nephrolithiasis

The 350 gout patients were divided into three groups: bilateral stone 
carriers, unilateral stone carriers, and non‐stone carriers. Then the 
associations between nephrolithiasis and the serum urate (Sua) 
level, renal function, uric acid metabolism, and frequency of meta-
bolic syndrome (Mets) were investigated in these three groups. All 
laboratory data were measured by using serum or urine specimens 
obtained during a 1‐hour creatinine clearance test, which is rou-
tinely performed at our clinic to evaluate uric acid metabolism be-
fore initiation of treatment. The test was done in the morning under 
fasting conditions with adequate hydration and after limiting dietary 
intake of purine‐rich foods for the previous 2 days. If patients were 
taking drugs such as xanthine oxidase inhibitors, uricosuric agents, 
losartan, or other medications that reduce serum uric acid levels, a 
washout period of at least 2 weeks was set before the test.

Renal function was assessed from the serum creatinine (Scr) 
level, creatinine clearance (Ccr), and estimated glomerular filtra-
tion rate (eGFR). The eGFR was calculated with the equation rec-
ommended by the Japanese Society of Nephrology: eGFR (mL/
min/1.73 m2) = 194 × Scr (mg/dL)−1.094 × age‐0.287.12 Uric acid metab-
olism was investigated by determining the uric acid clearance (Cua), 
Cua/Ccr ratio, and urinary excretion of uric acid (Exua). Urine pH was 
measured with an S2K712 pH meter (ISFETCOM Co. Ltd., Hidaka, 
Japan) using urine samples obtained during the 1‐hour creatinine 
clearance test.
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The frequency of Mets was compared among the three groups 
to investigate its association with nephrolithiasis. According to the 
Japanese diagnostic criteria for obesity,13 Mets was defined as 
a body mass index (BMI) ≥25 kg/m2 in addition to two or more of 
the following: (a) triglyceride level (TG) ≥150 mg/dL and/or high‐
density lipoprotein cholesterol level (HDL) ≤40 mg/dL; (b) fasting 
blood sugar (FBS) ≥110 mg/dL; and (c) systolic blood pressure (SBP) 
≥130 mm Hg and/or diastolic blood pressure (DBP) ≥85 mm Hg.

2.6 | Statistical analysis

Prevalences were expressed as percentages with 95% confidence 
intervals (95% CI). The mean and standard deviation were calcu-
lated for laboratory data. Differences of renal function among bilat-
eral stone carriers, unilateral stone carriers, and non‐stone carriers 
were assessed by analysis of variance (ANOVA). Multiple compari-
sons were performed by the Tukey‐Kramer test. Differences in the 
frequency of Mets among the groups were determined by the Chi‐
square test, and pairwise comparisons were performed by Fisher’s 
exact test. All P values were two‐tailed and P < 0.05 was considered 
significant. Analyses were performed with SAS 9.3 software (SAS 
Institute Inc, Cary, NC, USA).

3  | RESULTS

Kidney stone(s) were detected in 108 of the 350 gout patients by unen-
hanced helical CT at their 1st visit, so the prevalence of nephrolithiasis 

among gout patients was as 31% (95% CI: 26‐36) in the present cross‐
sectional analysis. Only 63 of the 350 patients had a history of uro-
lithiasis, so the historical prevalence (strictly speaking “cumulative 
incidence”) of urolithiasis was 18% (95% CI: 14‐22). Sixty‐four of the 
108 stone carriers (59%) confirmed to have kidney stones by CT had no 
history of urolithiasis, that is they were silent stones (Table 1).

Among the 108 stone carriers, 58 (53.7%, 95% CI: 43.8‐63.3) were 
bilateral stone carriers and 50 (46%, 95% CI: 36.6‐56.1) were unilat-
eral stone carriers. Forty‐two of the 108 stone carriers (39%, 95% CI: 
30‐49) had a single stone and 66 (61%, 95% CI: 51‐70) had two or 
more stones. Among those 66 patients, 22 (33%) had four or more 
stones and they were all bilateral stone carriers. The association be-
tween the laterality and number of kidney stones is shown in Figure 1.

Compared with the non‐stone carriers, the bilateral stone carriers 
had significantly higher Sua, Scr, and Cua values (P = 0.001, P < 0.001 
and P = 0.043, respectively), and eGFR was significantly lower 
(P = 0.039) in the bilateral carriers. There was little difference in these 
values between the bilateral and unilateral stone carriers. Among the 
three groups, there were no significant differences of Cua/Ccr, EXua, 
and such laboratory parameters as BMI, SBP, DBP, HDL, LDL, TG, 
and FBS (Table 2). The frequency of Mets also showed no signifi-
cant differences among the groups according to the Chi‐square test 
(P = 0.3532) or pairwise comparison with Fisher’s exact test (Table 3).

4  | DISCUSSION

Despite the growing array of urological and surgical techniques for 
treatment of urolithiasis, many issues remain unresolved, includ-
ing the fundamental clinical features of gout patients with kidney 
stones. One reason for this may be that nearly all investigations of 
the association between urolithiasis and gout have been based on 
the clinical history of urolithiasis.

Since the original report by Smith et al,14 helical CT has made 
great strides and allows delineation of small stones, even radiolucent 
stones such as those composed of uric acid. Shorter scanning times 
have facilitated real‐time evaluation of stones on an outpatient basis, 
and CT has become the standard method for assessment of urinary 

TA B L E  1  Frequency of nephrolithiasis detected by computed 
tomography (CT) and history of urolithiasis in 350 gout patients

CT findings
History of 
urolithiasis (+)

History of 
urolithiasis (−) Total

Calculus/calculi (+) 44 64a 108

Calculus/calculi (−) 19 223 242

Total 63 287 350

aSilent stone carriers. 

F I G U R E  1  Association between stone 
laterality and the number of stones in 108 
stone carriers
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tract stones (Figures 2,3 and 2,3). Based on our experience, 3‐di-
mensional CT (3DCT) was useful for confirming the distribution and 
number of stones, because stones in both kidneys could be easily 
observed on 1 screen with a high degree of accuracy (Figures 2, 3).

Our previous CT‐based study revealed that over half of all gout 
patients with kidney stones had no history of urolithiasis.4 This 

implies that studies based on a history of urolithiasis may have 
missed the majority of the patients with kidney stones. Detection 
of all stone carriers, including those with silent stones, is required to 
precisely elucidate the clinical profile of nephrolithiasis in gout pa-
tients. The present CT‐based study provided several novel findings 
with regard to nephrolithiasis in gout patients.

TA B L E  3  Prevalence of metabolic syndrome in the three groups

Bilateral 
N = 58

Unilateral 
N = 50

Non‐stone 
N = 242

Number of patients with Mets 16 8 54

Prevalence of Mets 27.6% 16% 22.3%

95% CI 16.7‐40.9 7.2‐29.1 17.2‐28.1

Fisher's exact test

Bilateral vs 
non‐stone

Unilateral vs 
non‐stone

Bilateral vs 
unilateral

P value 0.17 0.44 0.39

Mets, metabolic syndrome.

F I G U R E  2  Computed tomography (CT) scans of a 55‐year‐old man with gout since the age of 30 years. Multiple bilateral stones can be 
seen on the axial and coronal scans. Three‐dimensional CT (3DCT) was useful for confirming the distribution and number of stones, because 
stones in both kidneys could be easily observed on one screen with a high degree of accuracy
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First, we identified a significant difference between the prev-
alence of nephrolithiasis confirmed by CT and that of urolithiasis 
estimated from the clinical history of stone events (31% vs 18%, 
P < 0.001). The “prevalence of urolithiasis” calculated from a history 
of stone events is not necessarily accurate and rather represents 
the “cumulative incidence” of events during the observation period, 
while CT examination at the 1st visit to hospital is warranted to de-
termine the definitive prevalence of nephrolithiasis.15

Second, there have been no previous reports on the laterality 
of nephrolithiasis in gout. The present investigation clarified that 
more than half of all gout patients with kidney stone(s) were bilat-
eral and multiple stone carriers. Figure 1 demonstrates that the pa-
tients with urolithiasis could generally be classified into two groups: 
a group with multiple bilateral stones and a group with one or a 
few unilateral stones. While unilateral stones may form in associ-
ation with localized stagnation of urine flow caused by anatomical 
or passage abnormalities, bilateral kidney stones may form when 
the urine is lithogenic, probably in association with abnormal sys-
temic uric acid metabolism. These two groups led us to postulate 
that there are at least two different mechanisms of stone formation 
in gout. Furthermore, these findings may help to explain why the 
prevalence of urolithiasis is higher in gout patients than that in the 

general population. According to reports from the USA and Japan, 
the prevalence of urolithiasis among men was 10.6% and 4.3%, 
respectively.16,17

Third, comparison of clinical and laboratory findings among the 
three groups, that is bilateral, unilateral, and non‐stone carriers, clari-
fied another characteristic of nephrolithiasis in gout, which was signif-
icant elevation of Sua and significantly worse renal function (evaluated 
from Scr and eGFR) in bilateral stone carriers than in non‐stone carri-
ers (Table 2). This suggests that elevation of Sua in gout patients may 
increase the stone burden and lead to more severe renal dysfunction.

While it is generally thought that overproduction or increased 
urinary excretion of uric acid predispose to stone formation, we did 
not find a positive relation between nephrolithiasis and parameters 
of uric acid metabolism or urinary excretion of uric acid (Table 2). 
Acidic urine is also considered to promote urolithiasis. We previously 
investigated the circadian rhythm of urine pH in 157 gout patients, 
and found that both serum urate and the prevalence of urolithiasis 
were significantly higher in patients with a urine pH <5.8 through-
out the day than in patients with a urine pH ≥5.8 throughout the 
day (P < 0.05).18 However, we could not confirm a positive relation 
between nephrolithiasis and urine pH in the present study (Table 2). 
One reason for this discrepancy may be the use of different methods 

F I G U R E  3  Computed tomography (CT) scans of a 57‐year‐old man with gout. There is a unilateral stone in the right kidney
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for collecting urine samples. In our study of the circadian rhythm, 
urine pH was measured 3 times a day, including the 1st morning 
urine specimen and diurnal and nocturnal urine specimens for about 
2 weeks. In the present study, urine specimens for pH measurement 
were obtained during the 1‐hour creatinine clearance test, which 
was performed with sufficient oral hydration to achieve the required 
urine volume. Hydration could have altered the urine pH, or improved 
acidic urine.

Several studies have shown that both gout and urolithiasis are 
associated with comorbidities such as obesity, and insulin resistance, 
or Mets,19-23 but we found no significant difference in the frequency 
of Mets or its components among the three groups in this study 
(Tables 2 and 3).

One limitation of the present study is the CT definition of kid-
ney stones. Until now, CT‐based analysis of nephrolithiasis has rarely 
been performed in either gout patients or the general population, 
and a clear definition of the CT criteria for kidney stones has not 
been established. More studies will be required for better identifica-
tion of the CT features of nephrolithiasis.

In conclusion, this CT‐based study provided several novel find-
ings about gout patients with urolithiasis. Approximately one‐third 
of gout patients had kidney stones and more than half of those pa-
tients were bilateral and multiple stone carriers. Elevation of Sua in 
gout might increase the stone burden, leading to more severe renal 
dysfunction. An association between nephrolithiasis and Mets was 
not demonstrated in our gout patients.
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