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ABSTRACT

Objective: To analyze the compositions of upper urinary tract stones and investigate 
their distributions in different gender and age groups.
Materials and Methods: Patients diagnosed with upper urinary tract stone disease 
between December 2014 and March 2018 were retrospectively reviewed. Patient’s 
age, gender, BMI, comorbidities, stone event characteristics, and compositions were 
collected, and proportions of stone components in different gender and age groups 
were analyzed.
Results: A total of 1532 stone analyses were performed (992 from males and 540 from 
females). The mean age was younger in males (p <0.001). Males included more cases 
with larger BMI, hyperuricemia, and obesity, while females had more urinary tract 
infections. Multiple components were present in 61.8% of stones. Calcium oxalate 
(CaOx) (67.0%) was the most common component, followed by uric acid (UA) (11.8%), 
infection stone (11.4%), calcium phosphate (CaP) (8.0%), cystine (1.1%), brushite 
(0.4%), and 2,8-dihydroxyadenine (0.2%). Men contributed with more CaOx stones 
than women at age 30-49 years (all p <0.01) and more UA stones at 30-59 years (all 
p <0.05). Women contributed with more infection stones than men in age groups 30-
49 and 60-69 years (all p <0.05), and more CaP stones at 30-49 years. The prevalence 
peak was 50-59 years in men and 60-69 years in women. Both genders had the lowest 
prevalence in adolescence. Prevalence of UA stones increased while that of infection 
stones decreased with aging in both genders.
Conclusions: Age and sex had a strong association with distribution of stone 
compositions in this Chinese cohort.
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INTRODUCTION

The prevalence of urolithiasis is increa-
sing in both developed and developing countries. 
Studies have demonstrated that ethnicity, geogra-
phic region, and living conditions could have an 
infl uence on stone formation (1). A recent stu-
dy based on the United States population de-

monstrated that demographic factors, especially 
gender and age, had potential effects on stone 
composition, reporting that younger women had 
more hydroapatite stones, whereas older indivi-
duals were more susceptible to uric acid stones 
(2). Other studies from Europe have confi rmed a 
higher prevalence of uric acid stone formation in 
the older population (3, 4).
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 However, most of these studies were from 
Western countries and focused on Caucasians. Re-
latively little has been reported about the function 
of age and gender on stone composition in the 
Chinese population, and these published studies 
were conducted in local hospitals in southern and 
eastern areas. As one of the largest stone manage-
ment institutes in northern China, we reviewed a 
large cohort of stone analysis reports from the last 
3 years and investigated the possible association 
of age and gender with stone composition from an 
epidemiological perspective.

MATERIALS AND METHODS

Data collection
 Patients diagnosed with upper urinary sto-

ne disease in Beijing Tsinghua Changgung Hospi-
tal from December 2014 to March 2018 were in-
cluded. Only data from patients whose stones were 
retrieved intraoperatively (ureteroscopy and per-
cutaneous nephrolithotomy) and sent for analysis 
were collected. Patient’s demographic information 
such as age, gender, body mass index (BMI), and 
comorbidities were gathered. We also included 
history of lithotripsy and urinary tract infection 
(UTI), stone location, surgical approaches for sto-
ne acquisition, and stone composition for evalua-
tion of stone episodes.

Stone composition analysis
 All stone samples gathered from the ope-

ration were analyzed in the stone analysis labo-
ratory by infrared spectroscopy. After the speci-
mens were washed, dried, and pulverized, 1mg 
was mixed with 100-200mg of potassium bromide 
into a uniform powder, and then laminated into 
a test slice to be placed in an infrared spectrum 
automatic analysis system for detection. The prin-
cipal component of the stone was recorded, the 
classification criteria for which were as follows (2, 
5, 6): calcium oxalate (CaOx) stone refers to that 
with any kind of CaOx >50%; calcium phosphate 
(CaP) stone contains >50% CaP; infection stone 
contains >10% magnesium ammonium phosphate 
or ammonium urate; uric acid (UA) stone contains 
>50% UA; brushite, cystine, and other rare com-
positions. For example, if the stone was compo-

sed of 40% calcium oxalate monohydrate (COM), 
30% calcium oxalate dehydrate (COD), and 30% 
CaP, it would be considered as a CaOx stone. If the 
sample was found to consist of 20% magnesium 
ammonium phosphate, 60% CaP, and 20% COM, it 
would be classified as an infection stone.

STATISTICAL METHODS

 Patients were divided into nine age groups 
by 10-year intervals. The prevalence of stone 
components was evaluated by two parameters: 
proportion and the prevalence ratio adjusted by 
the population of China census in 2017. The pre-
valence of stone in females at age 0-9 years was 
chosen as the reference. Statistical analysis was 
conducted using SPSS 22.0 for Windows (SPSS, 
Chicago, IL, USA). The proportions of categori-
cal variables were analyzed using the Chi-square 
test and Fisher’s exact test. Uni-and multivaria-
te logistic regression analyses were performed 
to evaluate the risk factors contributing to stone 
composition conversion. P <0.05 was considered 
statistically significant.

RESULTS

 Between December 2014 and March 2018, 
1532 stone analyses were performed, 992 of which 
were from males and 540 from females. The mean 
age was younger in males than in females (45.9 
vs. 50.0 years, p <0.001). Males included more 
cases with larger BMI, hyperuricemia, and obesi-
ty (BMI ≥30kg/m2), while females had more UTIs 
(Table-1). More kidney stones and percutaneous 
nephrolithotomies (PCNL) were seen in females (p 
<0.001). A total of 948 (61.8%) stones were com-
posed of multiple elements, to which women con-
tributed much more than males (70.9% vs. 57.0%, 
p <0.001). CaOx (67.0%) was the most common 
component, followed by UA (11.8%), infection 
stone (11.4%), CaP (8.0%), cystine (1.1%), brushi-
te (0.4%), and 2,8-dihydroxyadenine (0.2%). The 
four most common stone compositions in men 
were CaOx stone (69.8%), UA stone (13.8%), in-
fection stone (8.3%), and CaP stone (6.5%), while 
in women they were CaOx stone (62.0%), infec-
tion stone (17.1%), CaP stone (10.9%), and UA 
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Table 1 - Characteristics of patients and stone compositions stratified by gender.

Parameters
Total number

N=1532
Stones from Males

N=992
Stones from Females

N=540
p-value

Age (year, mean±SD) 47.4±16.4 45.9±17.1 50.0±14.7 <0.001

BMI (kg/m2) 25.9±3.4 27.4±3.2 24.9±3.5 0.011

Comorbidities

Hypertension 329 (21.5%) 219 (22.1%) 110 (20.4%) 0.473

Diabetes 206 (13.4%) 128 (12.9%) 78 (14.4%) 0.398

Hyperuricemia 213 (13.9%) 151 (15.2%) 62 (11.5%) 0.043

Obesity (BMI ≥30kg/m2) 277 (18.1%) 200 (20.1%) 77 (14.3%) 0.004

History of lithotripsy

No 952 (62.1%) 607 (61.2%) 345 (63.9) 0.298

ESWL 241 (15.7%) 152 (15.3%) 89 (16.5%) 0.552

Ureteroscopy 153 (10.0%) 95 (9.6%) 58 (10.7%) 0.468

PCNL 214 (14.0%) 138 (13.9%) 76 (14.1%) 0.930

Open or laparoscopic 
nephrolithotomy

55 (3.6%) 41 (4.1%) 14 (2.6%)
0.122

Urinary tract infection 547 (35.7%) 336 (33.9%) 211 (39.1%) 0.042

Episode

0.535First 866 (56.5%) 555 (55.9%) 311 (57.6%)

Recurrent 666 (43.5%) 437 (44.1%) 229 (42.4%)

Stone location

Kidney 1128 (73.6%) 768 (77.4%) 460 (85.2%)
<0.001

Ureter 304 (26.4%) 224 (22.6%) 80 (14.8%)

Surgery of stone acquisition

Ureteroscopy 722 (47.1%) 493 (49.7%) 229 (42.4%)
0.006

PCNL 810 (52.9%) 499 (50.3%) 311 (57.6%)

Composition

Single 584 (38.2%) 427 (43.0%) 157 (29.1%)
<0.001

Mixed 948 (61.8%) 565 (57.0%) 383 (70.9%)

Stone compositions

Calcium oxalate 1027 (67.0%) 692 (69.8%) 335 (62.0%) 0.001

Infection stone 175 (11.4%) 82 (8.3%) 93 (17.2%) <0.001

Calcium phosphate 123 (8.0%) 64 (6.5%) 59 (10.9%) 0.002

Uric acid 181 (11.8%) 137 (13.8%) 44 (8.1%) 0.001

Cystine 17 (1.1%) 10 (1.0%) 7 (1.3%) /

2.8-Dihydroxyadenine 3 (0.2%) 3 (0.3%) 0 /

Brushite 6 (0.4%) 4 (0.4%) 2 (0.4%) /
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stone (8.1%) (Figure-1). The proportions of CaOx 
(p=0.002) and UA (p=0.002) were much higher in 
men than in women, whereas the proportions of 
infection stone (p <0.001) and CaP (p=0.002) were 
much higher in women.

 The age-specific prevalence ratios showed 
that the lowest prevalence for both males and fe-
males was in their adolescence, and the peak of 
prevalence was observed during the age of 50-59 
years in men and 60-69 years in women (Table-2). 
Men presented more CaOx stones than women in 
the 30-49 years (all p <0.05), and more UA sto-
nes at age 30-59 years (p <0.05 for all). Women 
accounted for more infection stones than men be-
tween the ages of 30-49 and 60-69 years (all p 
<0.05), and more CaP stones at age 30-49 years 
(Table-3). The prevalence of UA stones was higher 
in both genders after their 40s.

 We further analyzed stone conversions 
in different episodes. A total of 118 patients with 
two stone episodes and surgical removal of stones 
were identified in our center, of whom 48 (40.7%) 
had stone conversions in the second episode. Mul-
tivariate analysis showed that only CaP in the 
first episode (OR 14.178, 95%CI 2.655-75.702, 
p=0.002) was associated with stone conversion in 

the second episode, after controlling for age, gen-
der, and the procedure for the first episode (Sup-
plementary Tables).

DISCUSSION

 Urinary stone disease is a common disor-
der worldwide, causing severe socioeconomic and 
healthcare burden. Approximately 1 in 11 people 
in the United States will be affected by urinary 
stones during their lifetime (7). The incidence of 
urolithiasis in China has been increasing steadily 
during the last 20 years, mainly because of chan-
ging of lifestyles factors, especially diet (8). The 
most recent nationwide study revealed that about 
1 in 17 adults in China has renal stones (9).

 Urolithiasis is reported to be a male-do-
minant disease with an estimated male-to-female 
ratio ranging from 1.7:1 to 3:1 (10-12). We also 
observed a male dominance pattern with a ratio of 
1.8 in our study. Stone compositions differed sig-
nificantly between genders. Men presented more 
CaOx and UA stones than women, consistent with 
recent studies in other parts of China (13, 14). Ma-
les had a tendency to consume more animal meat 
and proteins, thus developing oversaturated CaOx 

Figure 1 - Proportions of stone compositions in different age groups and genders.
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and UA in the urine (15). It is worth noting that 
males had more cases with larger BMI, hyperuri-
cemia, and obesity in our study population, which 
might be one reason for such a pattern.

 The prevalence of infection stones among 
women in our study was two times of that in men 
(17.22% vs. 8.27%). Women are known to be at 
higher risk of developing UTIs, which in turn will 
elevate urinary pH and facilitate the growth of or-
ganisms containing urease (16). Younger females 
are observed to possess a higher urine pH (14), 
which could explain why in our study the preva-
lence of infectious stones was higher in women 
aged 30-49 years and lower in older age groups. 
Overall, the rate of infectious stones observed in 
our center was much higher than in any other 
centers in China. As a tertiary hospital, our ins-
titution manages more complex stone cases with 
severe infection and staghorn stones, which may 
lead to a selection bias. CaP, the second most 
common stone component in females, is associa-
ted with renal acidification defects, calcium or 
phosphate metabolic disturbance, and UTI (17). 
The theory that CaP is formed in alkaline urine 

(18) could support our finding of the disparity 
between genders because women generally pos-
sess urine of higher pH.

 We observed component discrepancies 
among different age groups. Men submitted more 
CaOx stones than women at age 30-49 years, more 
UA stones at age 30-59 years, fewer infection sto-
nes at age 30-59 years, and fewer CaP stones at 
age 30-49 years. Although CaOx was the most 
common component in both genders, peaking at 
30-69 years, differences have been observed be-
tween continents, with CaOx peaking at 40-50 ye-
ars of age in Europe and 16-39 years in northern 
Africa. Wu et al. reported a peak age for CaOx 
stones at 19-40 years in southern China (13), whe-
reas Yang et al. reported a prevalence peak of 30-
50 years in eastern China (14). Ethnicity, different 
dietary preferences, and population composition 
may contribute collectively to create such dispari-
ty.

 UA has been reported to have increased 
dramatically in recent years. Wu et al. reported 
that compared with 2003-2007, the number of UA 
stones in 2008-2012 doubled (3.83% vs. 6.94%) 

Table 2 - Age-specific prevalence ratios adjusted by the population of China census in 2017.

Age Groups 
(years)

Number of Patients Population Percentage
(Vintage 2017)

M/F 
Population 

Ratio

Age-specific Incidence Ratio

M F M F M F

0-9 47 (3.1%) 7 (0.5%) 6.3% 5.5% 1.15 5.86 1 (Ref.)*

10-19 15 (1.0%) 5 (0.3%) 5.8% 5% 1.16 2.03 0.79

20-29 81 (5.3%) 31 (2.0%) 8.3% 7.5% 1.11 7.67 3.25

30-39 182 (11.9%) 87 (5.7%) 7.6% 7.1% 1.07 18.82 9.63

40-49 233 (15.2%) 104 (6.8%) 8.6% 8.2% 1.05 21.29 9.97

50-59 215 (14.0%) 154 (10.1%) 7.1% 6.9% 1.03 23.79 17.54

60-69 150 (9.8%) 114 (7.4%) 5% 5% 1.00 23.57 17.91

70-79 55 (3.6%) 31 (2.0%) 2.1% 2.2% 0.95 20.58 11.07

≥80 14 (0.9%) 7 (0.5%) 0.5% 1% 0.80 13.75 5.5

Total 992 (64.8%) 540 (35.2%) 51.6% 48.4% 1.07 15.11 8.77

*Reference: The prevalence of stone in females in age 0-9 years.
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Table 3 - Proportions of different stone compositions stratified by age groups.

Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 ≥80

Calcium 
oxalate

1027 29 (2.8%) 10 (1.0%) 80 (7.8%) 175 
(17.0%)

225 
(21.9%)

255 
(24.8%)

179 
(17.4%)

56 (5.5%) 18 (1.8%)

Male 692 25 (3.6%) 8 (1.2%) 60 (8.7%) 132 
(19.1%)

165 
(23.8%)

149 
(21.5%)

107 
(15.5%)

34 (8.1%) 12 (1.7%)

Female 335 4 (1.2%) 2 (0.6%) 20 (6.0%) 43 
(12.8%)

60 
(17.9%)

106 
(31.6%)

72 
(21.5%)

22 (6.6%) 6 (1.8%)

p-value 0.585 0.5 0.316 <0.001 0.018 0.923 0.159 0.393 0.753

Calcium 
phosphate

123 4 (3.3%) 2 (1.6%) 7 (5.7%) 24 
(19.5%)

29 
(23.6%)

31 
(25.2%)

16 
(13.0%)

10 (8.1%) 0

Male 64 4 (6.3%) 2 (3.1%) 6 (9.4%) 9 (14.1%) 14 
(21.9%)

13 
(20.3%)

7 (10.9%) 9 (14.1%) 0

Female 59 0 0 1 (1.7%) 15 
(25.4%)

15 
(25.4%)

18 
(30.5%)

9 (15.3%) 1 (1.7%) 0

p-value 0.564 0.553 0.374 0.001 0.011 0.054 0.276 0.064 /

Uric acid 181 1 (0.6%) 3 (1.7%) 4 (2.2%) 28 
(15.5%)

35 
(19.3%)

52 
(28.7%)

43 
(23.8%)

12 (6.6%) 3 (1.7%)

Male 137 1 (0.7%) 1 (0.7%) 2 (1.5%) 25 
(18.2%)

31 
(22.6%)

40 
(29.2%)

29 
(21.2%)

6 (4.4%) 2 (1.5%)

Female 44 0 2 (4.5%) 2 (4.5%) 3 (6.8%) 4 (9.1%) 12 
(27.3%)

14 
(31.8%)

6 (13.6%) 1 (2.3%)

p-value 0.87 0.14 0.306 0.01 0.009 0.003 0.124 0.221 0.726

Infection 
stone

175 14 (8.0%) 2 (1.1%) 15 (8.6%) 39 
(22.3%)

47 
(26.9%)

25 
(14.3%)

25 
(14.3%)

8 (4.6%) 0

Male 82 12 
(14.6%)

2 (2.4%) 8 (9.8%) 15 
(18.3%)

22 
(26.8%)

11 
(13.4%)

6 (7.3%) 6 (7.3%) 0

Female 93 2 (2.2%) 0 7 (7.5%) 24 
(25.8%)

25 
(26.9%)

14 
(15.1%)

19 
(20.4%)

2 (2.2%) 0

p-value 0.591 0.553 0.076 <0.001 <0.001 0.134 <0.001 0.396 /

Others* 26 6 (23.1%) 3 (11.5%) 6 (23.1%) 3 (11.5%) 1 (3.8%) 6 (23.1%) 1 (3.8%) 0 0

Male 17 5 (29.4%) 2 (11.8%) 5 (29.4%) 1 (5.9%) 1 (5.9%) 2 (11.8%) 1 (5.9%) 0 0

Female 9 1 (11.1%) 1 (11.1%) 1 (11.1%) 2 (22.2%) 0 4 (44.4%) 0 0 0

*Others included cystine stone, 2,8-dihydroxyadenine, and brushite.
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(13). In our study, UA contributed to 11.8% of all 
stones, which was almost the same as that repor-
ted by a recent study in China in 2019, with a 
UA stone prevalence of 11.1% (9). We also found 
that the prevalence of UA stones slowly increa-
sed among both genders with aging (2). UA stones 
have a close association with metabolic syndrome 
and renal insufficiency, which are more prevalent 
in older people than in the younger generation 
(19). Increased acidic urine observed in elderly pa-
tients can lead to renal proximal tubular injury 
and impaired tubular alkalization (20), predispo-
sing older people to UA stones.

 Studies have demonstrated that the meta-
bolic changes after the menopause might have an 
influence on urine components, increasing the risk 
of stone formation in this population. Prochaska 
et al. reported a higher risk of renal stones in post-
menopausal women (OR 1.27, 95% CI 1.08-1.46) 
(21). Zhao et al. demonstrated that postmenopau-
sal women were predisposed to urinary stones with 
lower blood estrogen (22), and Heller et al. repor-
ted that postmenopausal women who were treated 
with estrogen had lower 24h calcium excretion 
and CaOx saturation (23). In our study, we did ob-
serve an increasing prevalence of stone disease in 
women after their 50s. As women reached their 
70s and 80s the proportions of stone components 
become similar to those of men, in another way 
supporting the notion that the menopause might 
have an influence on stone formation. Based on 
our data, we were unable to conclude whether the 
menopause is an independent risk factor for stone 
formation, since details such as menstrual status, 
level of serum estrogen, urine metabolic analysis, 
and lifestyle and dietary changes in older females 
were not available in our study population.

 Generally, the prevalence of urinary stones 
in children is much lower than that in adults, with 
reported rates of 2% to 5% (24). However, stone 
formation can precede a high rate of recurrence 
and considerable morbidity in children. In our 
study, incidences for both genders were relatively 
high in their first decade and decreased as they 
entered adolescence. Genetic and metabolic disor-
ders are common in children with urinary stone 
diseases, with hypercalciuria and hypocitraturia 
being the most prevalent (24). In a study conduc-

ted in southern China, stones from 382 children 
included 78.8% CaOx, 10.7% infection stones, 
9.4% cystine, and 1.1% UA, of which 97.5% of 
the patients manifested as low citrate (25). Diffe-
rences have been observed among different areas 
within China. One study from eastern China re-
ported a relatively high rate of CaOx and cystine 
stones, and a low rate of struvite stones in chil-
dren (26), while a study in the northwest border 
region reported ammonium urate as the dominant 
stone component in the whole population (27). An 
early study in Argentina reported that 84.4% of 
the children with urinary stone disease had meta-
bolic abnormalities, with hypercalciuria and hy-
pocitraturia being the two major risk factors (24). 
Twenty-four-hour urine analysis and genetic tests 
are recommended strongly for children with early 
onset of urinary stone disease to evaluate possible 
metabolic and genetic disorders and target the tre-
atment to reduce recurrence (28).

 Drug-and food-induced urinary tract sto-
nes are much more common in children. In 2008, 
China experienced an event of melamine contami-
nation of powdered-milk formula for infants (29). 
When the concentration of melamine from the 
formula was sufficiently high in the urine, it easily 
formed crystals or stones in the infants because of 
its low solubility (30). The stones analyzed during 
this crisis were proved to be composed of uric acid 
dihydrate and ammonium urate (26). It is incum-
bent on urologists to apply the new knowledge of 
such rare etiology to the improvement of medical 
care treatment of children.

 The present study was one of the very few 
that investigated the effects of age and gender 
on stone compositions among the Chinese popu-
lation. However, some limitations are apparent. 
First, although we compared the prevalence ratios 
between age groups adjusted by the population 
proportions, the actual prevalence of the urina-
ry stone disease in the real world could not be 
calculated because the data were gathered from 
patients with urolithiasis. Second, all stone sam-
ples were retrieved from operations, leading to a 
bias against the existence of an unknown number 
of patients with asymptomatic stones or experien-
cing spontaneous stone passage away from the 
hospital. Third, our department admitted mainly 
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adult patients, which could also introduce bias re-
garding the evaluation of children. Lastly, because 
of the retrospective study design, we were una-
ble to gather information such as 24-hour urine 
analysis. It may be concluded that age and gender 
represent the epidemiological features, not the di-
rect functional factor. Further well-designed mul-
ticenter studies are needed to better elucidate the 
mechanisms behind these differences.

CONCLUSIONS

 In conclusion, our study presented an 
analysis of stone compositions in a large popu-
lation in northern China. Significant disparities 
of stone compositions existed among different 
genders and ages. Overall, males submitted more 
CaOx and UA stones whereas females were sus-
ceptible to CaP and infectious stones. Incidence 
of UA stones increased with aging while that of 
infection stones decreased. The underlying me-
chanism, including metabolic differences and the 
function of estrogen, needs to be investigated in 
the future.

ETHICAL APPROVAL
The protocol was approved by the institu-

tional ethics committee.

FUNDING
This study was supported by the Capital 

Health Research and Development of Special (No. 
2016-1-2241) and Beijing Municipal Science and 
Technology Commission (No. 12016B3003).

CONFLICT OF INTEREST

None declared.
 
REFERENCES

1. Clayton DB, Pope JC. The increasing pediatric stone disease 
problem. Ther Adv Urol. 2011;3:3-12.

2. Lieske JC, Rule AD, Krambeck AE, Williams JC, Bergstralh 
EJ, Mehta RA, et al. Stone composition as a function of age 
and sex. Clin J Am Soc Nephrol. 2014;9:2141-6.

3. Knoll T, Schubert AB, Fahlenkamp D, Leusmann DB, Wendt-
Nordahl G, Schubert G. Urolithiasis through the ages: data 
on more than 200,000 urinary stone analyses. J Urol. 
2011;185:1304-11.

4. Daudon M, Doré JC, Jungers P, Lacour B. Changes 
in stone composition according to age and gender of 
patients: a multivariate epidemiological approach. Urol Res. 
2004;32:241-7.

5. Moses R, Pais VM Jr, Ursiny M, Prien EL Jr, Miller N, Eisner 
BH. Changes in stone composition over two decades: 
evaluation of over 10,000 stone analyses. Urolithiasis. 
2015;43:135-9.

6. Türk C, Petřík A, Sarica K, Seitz C, Skolarikos A, Straub 
M, et al. EAU Guidelines on Diagnosis and Conservative 
Management of Urolithiasis. Eur Urol. 2016;69:468-74.

7. Scales CD Jr, Smith AC, Hanley JM, Saigal CS; Urologic 
Diseases in America Project. Prevalence of kidney stones in 
the United States. Eur Urol. 2012;62:160-5.

8. Zeng Q, He Y. Age-specific prevalence of kidney stones in 
Chinese urban inhabitants. Urolithiasis. 2013;41:91-3.

9. Ye Z, Zeng G, Huan Y, Li J, Tang K, Wang G, et al. The Status 
and Characteristics of Urinary Stone Composition in China. 
BJU Int. 2019. [Epub ahead of print]

10. Edvardsson VO, Indridason OS, Haraldsson G, Kjartansson 
O, Palsson R. Temporal trends in the incidence of kidney 
stone disease. Kidney Int. 2013;83:146-52. Erratum in: 
Kidney Int. 2013;83:972.

11. Stamatelou KK, Francis ME, Jones CA, Nyberg LM, Curhan 
GC. Time trends in reported prevalence of kidney stones in 
the United States: 1976-1994. Kidney Int. 2003;63:1817-23.

12. Indridason OS, Birgisson S, Edvardsson VO, Sigvaldason 
H, Sigfusson N, Palsson R. Epidemiology of kidney stones 
in Iceland: a population-based study. Scand J Urol Nephrol. 
2006;40:215-20.

13. Wu W, Yang B, Ou L, Liang Y, Wan S, Li S, et al. Urinary 
stone analysis on 12,846 patients: a report from a single 
center in China. Urolithiasis. 2014;42:39-43.

14. Yang X, Zhang C, Qi S, Zhang Z, Shi Q, Liu C, et al. Multivariate 
Analyses of Urinary Calculi Composition: A 13-Year Single-
Center Study. J Clin Lab Anal. 2016;30:873-9.

15. Zeng G, Mai Z, Xia S, Wang Z, Zhang K, Wang L, et al. 
Prevalence of kidney stones in China: an ultrasonography 
based cross-sectional study. BJU Int. 2017;120:109-16.

16. Das P, Gupta G, Velu V, Awasthi R, Dua K, Malipeddi H. 
Formation of struvite urinary stones and approaches 
towards the inhibition-A review. Biomed Pharmacother. 
2017;96:361-70.



IBJU | THE FUNCTION OF AGE AND GENDER ON UROLITHIASIS

78

17. Dessombz A, Letavernier E, Haymann JP, Bazin D, Daudon 
M. Calcium phosphate stone morphology can reliably predict 
distal renal tubular acidosis. J Urol. 2015;193:1564-9.

18. Goldfarb DS. A woman with recurrent calcium phosphate 
kidney stones. Clin J Am Soc Nephrol. 2012;7:1172-8.

19. Cicerello E. Uric acid nephrolithiasis: An update. Urologia. 
2018;85:93-8.

20. Bobulescu IA, Dubree M, Zhang J, McLeroy P, Moe OW. 
Effect of renal lipid accumulation on proximal tubule Na+/
H+ exchange and ammonium secretion. Am J Physiol Renal 
Physiol. 2008;294:F1315-22.

21. Prochaska M, Taylor EN, Curhan G. Menopause and Risk of 
Kidney Stones. J Urol. 2018;200:823-8.

22. Zhao Z, Mai Z, Ou L, Duan X, Zeng G. Serum estradiol and 
testosterone levels in kidney stones disease with and without 
calcium oxalate components in naturally postmenopausal 
women. PLoS One. 2013;8:e75513.

23. Heller HJ, Sakhaee K, Moe OW, Pak CY. Etiological role 
of estrogen status in renal stone formation. J Urol. 
2002;168:1923-7.

24. Spivacow FR, Negri AL, del Valle EE, Calviño I, Fradinger E, 
Zanchetta JR. Metabolic risk factors in children with kidney 
stone disease. Pediatr Nephrol. 2008;23:1129-33.

25. Yang D, Tiselius HG, Lan C, Chen D, Chen K, Ou L, et al. 
Metabolic disturbances in Chinese children with urolithiasis: 
a single center report. Urolithiasis. 2017;45:285-90.

26. Sun X, Shen L, Cong X, Zhu H, Lv J, He L. Infrared 
spectroscopic analysis of urinary stones (including stones 
induced by melamine-contaminated milk powder) in 189 
Chinese children. J Pediatr Surg. 2011;46:723-8.

27. Huang J, Tuerxun A, Tusong H, Batuer A, Tiselius HG, Zhao Z, 
et al. Composition of urinary tract stones formed by children 
in two populations in the Uyghur region of China. J Chin Med 
Assoc. 2018;81:949-54.

28. Skolarikos A, Straub M, Knoll T, Sarica K, Seitz C, Petřík A, et 
al. Metabolic evaluation and recurrence prevention for urinary 
stone patients: EAU guidelines. Eur Urol. 2015;67:750-63.

29. Guan N, Fan Q, Ding J, Zhao Y, Lu J, Ai Y, et al. Melamine-
contaminated powdered formula and urolithiasis in young 
children. N Engl J Med. 2009;360:1067-74.

30. Chen JS. A worldwide food safety concern in 2008--melamine-
contaminated infant formula in China caused urinary tract 
stone in 290,000 children in China. Chin Med J (Engl). 
2009;122:243-4.

_______________________
Correspondence address:

Jianxing Li, MD
Department of Urology, 

Beijing Tsinghua Changgung Hospital, 
Beijing, China 168 Litang Road, 

Changping District Beijing 102218, China
E-mail: lijianxing1964@outlook.com



IBJU | THE FUNCTION OF AGE AND GENDER ON UROLITHIASIS

79

SUPPLEMENTARY TABLES

Supplementary Table 1 - Characteristics of patients with or without stone conversions in two episodes.

Variables
Total number

N=118
Conversion

N=43
No conversion

N=75
P-value

Gender

Male 68 (57.6%) 22 (51.2%) 46 (61.3%)
0.282

Female 50 (42.4%) 21 (48.8%) 29 (38.7%)

Age (year, mean±SD) 47.3±14.7 46.7±15.5 47.7±14.2 0.617

Prior procedure (first of the two episodes)

Ureteroscopy 56 (47.5%) 20 (46.5%) 36 (48.0%)
0.876

PCNL 62 (52.5%) 23 (53.5%) 39 (52.0%)

Compositions (first of the two episodes)

Calcium oxalate 61 (51.7%) 17 (39.5%) 44 (58.7%) 0.004

Infectious stone 24 (20.3%) 10 (23.2%) 14 (18.7%) 0.551

Calcium phosphate 13 (11.0%) 11 (25.6%) 2 (2.7%) <0.001

Uric acid 14 (11.9%) 3 (7.0%) 11 (14.7%) 0.214

Cystine 3 (2.5%) 1 (2.3%) 2 (2.7%) /

2.8-Dihydroxyadenine 1 (0.8%) 0 1 (1.3%) /

Brushite 2 (1.7%) 1 (2.3%) 1 (1.3%) /
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Supplementary Table 2 - Multivariate analysis of the predictors for stone composition conversion. 

Variables

Univariate Multivariate

Odds Ratio
(95% Confidence Interval)

p-value
Odds Ratio

(95% Confidence Interval)
p-value

Gender

Male 1 1

Female 1.514 (0.710-3.229) 0.283 1.205 (0.526-2.760) 0.659

Age (year)

<40 1 1

40-70 0.690 (0.294-1.614) 0.392 0.651 (0.256-1.654) 0.367

>70 0.436 (0.041-4.689) 0.493 0.642 (0.055-7.498) 0.724

Prior procedure (first of the two 
episodes)

Ureteroscopy 1 1

PCNL 0.803 (0.379-1.701) 0.566 1.081 (0.387-3.014) 0.882

Compositions (first of the two 
episodes)

Calcium oxalate 1 1

Infectious stone 1.849 (0.690-4.955) 0.222 1.629 (0.518-5.121) 0.404

Calcium phosphate 14.235 (2.853-71.020) 0.001 14.178 (2.655-75.702) 0.002

Uric acid 0.706 (0.175-2.845) 0.624 0.708 (0.173-2.901) 0.631

Cystine 1.294 (0.110-15.221) 0.838 1.282 (0.102-16.096) 0.847

2.8-Dihydroxyadenine 0.000 1.000 0.000 1.000

Brushite 2.588 (0.153-43.760) 0.510 2.327 (0.129-41.841) 0.567




