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ABSTRACT
 

Background: Several studies have explored the impact of BMI on size and composition 
of urinary stones. Because there were controversies, a meta-analysis was necessary to 
be carried out to provide some evidence of the relationship of BMI and urolithiasis.
Materials and Methods: PubMed, Medline, Embase, Web of Science databases, and the 
Cochrane Library were searched up to August 12th 2022 for eligible studies. The uroli-
thiasis patients were summarized into two groups: BMI < 25 and ≥ 25 kg/m2. Summary 
weighted mean difference (WMD), relative risk (RR) and 95% confidence intervals (CI) 
were calculated through random effects models in RevMan 5.4 software. 
Results: A total of fifteen studies involving 13,233 patients were enrolled in this meta-
-analysis. There was no significant correlation of BMI and size of urinary stone (WMD 
-0.13mm, 95% CI [-0.98, 0.73], p = 0.77). Overweight and obesity increased the risk 
of uric acid stones in both genders and in different regions (RR=0.87, [95% CI] = 
0.83, 0.91, p<0.00001). There was a higher risk of calcium oxalate stones formation 
in overweight and obesity group in total patients (RR=0.95, [95% CI] = 0.91, 0.98, p = 
0.006). The relationship of BMI and calcium phosphate was not observed in this meta-
-analysis (RR=1.12, [95% CI] = 0.98, 1.26, p = 0.09). Sensitivity analysis was performed 
and indicated similar results. 
Conclusions: The current evidence suggests a positive association between BMI and 
uric acid and calcium oxalate stones. It would be of great guiding significance to con-
sider losing weight when treating and preventing urinary stones.
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INTRODUCTION

Urolithiasis is one of the most common di-
seases encountered in urology with a reported fre-
quency of 7%–13% in North America, 5%–9% in 
Europe, and 1%–5% in Asia (1, 2). The incidence 
of urinary stones has increased in both developed 

and developing countries over the last decades (3). 
From 1991 to 2000, 2001 to 2010, and 2011 to 
2016, the prevalence of urolithiasis in China were 
5.95%, 8.86%, and 10.63% (4). The overall preva-
lence of kidney stones in the USA rose from 3.2% 
to 10.1% in 1980 to 2016 (5). The five-year recur-
rence rate of urinary stones has been reported to 
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be between 31.5–50%, and the 20-year recurrence 
rate is 72% (6, 7). Several factors have been con-
firmed to be associated with the high prevalence 
and recurrence of urinary stones, including gene-
tics, age, sex, body mass index (BMI), geographic 
location, seasonal factors, diet, and occupation (8, 
9). Although many methods could be performed to 
remove urinary stones, urolithiasis was not cured. 
The etiological treatment of most urolithiasis can’t 
be conducted due to the lack of detailed mecha-
nism of urinary stones formation (9, 10).

Many studies indicated that urolithiasis is 
a systemic disorder and related to metabolic syn-
drome (11-13). The higher prevalence of urinary 
stones is found in people with higher BMI (14-16). 
Overweight and obesity have been investigated to 
increase the risk of urolithiasis (17-19). There was 
a study indicating the increased rate and decrea-
sed time of stones recurrence in those obese first-
-time stone formers (20).

Body size has been found to be associa-
ted with not only the incidence of urolithiasis but 
also the size and composition of urinary stones, 
although the mechanisms involved have not been 
clarified. Several studies have been conducted to 
explore the effect of BMI on size and composition 
of urinary stones in the past two decades (14, 19-
32). Moreover, in view of the inconsistent findings 
of the studies reported to date, a meta-analysis 
was necessary to assess the evidence for a rela-
tionship between BMI and urolithiasis.

MATERIALS AND METHODS

Search strategy
The systematic literature search was con-

ducted on PubMed, Medline, Embase, Web of 
Science databases, and the Cochrane Library, 
following the standard criteria for reporting me-
ta-analysis, up to August 12th 2022 for eligible 
studies published from 2000 (33). The search ter-
ms were: [(urolithiasis or lithiasis or nephrolithia-
sis or calculus or calculi or stone or stones) AND 
(overweight or obese or obesity or body mass in-
dex or BMI)]. Two reviewers screened all the titles 
and abstracts independently. The language was 
restricted to English, and articles studying the im-
pact of body size on size and composition of uri-

nary stones were included for further screening. 
We conducted this meta-analysis according to 
PRISMA 2020 (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses 2020) (34).

Inclusion criteria and exclusion criteria
Inclusion criteria: (1) The body size should 

be classified by BMI, and the BMI classification 
could be summarized into two groups which were 
BMI < 25 and ≥ 25 kg/m2. (2) The size and com-
position of urinary stones should be compared by 
BMI. (3) The full text was accessible online. (4) 
Studies should report at least one of relevant cli-
nical outcomes of interest (described in data ex-
traction part).

Exclusion criteria: (1) Studies were not in 
English. (2) Conference abstracts. (3) The interes-
ting data could not be extracted or calculated.

Two reviewers conducted this studies se-
lection process independently. A discussion was 
conducted when disagreement arose. If disagree-
ment persisted, a third investigator was consulted 
to reach a consensus.

Study quality and level of evidence
The level of evidence of each study was 

evaluated via the criteria provided by the Oxford 
Center for Evidence-Based Medicine (35). The me-
thodological quality of the non-randomized stu-
dies included in this meta-analysis was assessed by 
Newcastle Ottawa Scale (36). The detailed assess-
ment was summarized in Supplementary Table-1.

Two reviewers carried out this assessment 
procedure independently and reached a consensus 
through discussion if disagreements appeared.

Data extraction
The following data were extracted by two 

reviewers independently using a predetermined 
data extraction form, including the first author, 
year of publication, nation, number of samples, 
classification for BMI, age and sex ratio of pa-
tients. The basic characteristics of patients inclu-
ded the level of serum calcium and urate, urine pH, 
the volume of 24h-urine, calcium, oxalate, urate 
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Table 1. Characteristics and methodological quality of included studies.

Studies Nation  LOE Study quality Number of 
samples

BMI (kg/m2) Classification
(Number of each group)

Age (years)
(M± SD)

Sex
(male: female)

Takeuchi H,. 
2019 [14]

Japan 2b 7/9 63 BMI<25: (36)
BMI≥25: (27)

55.6±16 49:14

Trinchieri A, et 
al. 2016 [19]

Italy 3b 7/9 1698 BMI<18.5: (91)
18.5≤BMI<24.9: (924)
25≤BMI<29.9: (542)

30≤BMI: (141)

45.9±14.6 984:714

Lee SC, et al. 
2007 [20]

South Korea 3b 7/9 704 BMI<25: (475)
BMI≥25: (229)

42.8±13.2 470:234

Ekeruo WO, et al. 
2004 [21]

The USA 3b 7/9 1021 BMI<25: (881)
BMI≥25: (140)

53.2±14.9 ND

Daudon M, et al. 
2006(1) [22]

France 3b 7/9 1930 BMI<25: (1259)
25≤BMI<30: (480)

30≤BMI: (191)

ND 1370:561

Daudon M, et al. 
2006(2) [23]

France 3b 7/9 2464 BMI<25: (1416) 
25≤BMI<30: (703)

30≤BMI: (345)

53.6±11.4 1760:704

Chou YH, et al. 
2010 [24]

Taiwan, 
China

3b 7/9 907 18.5≤BMI<25: (251)
25≤BMI<27: (304)

27≤BMI: (352)

53.9±14 661:246

del Valle EE, et 
al. 2010 [25]

Argentina 3b 7/9 817 BMI<24.9: (337)
25≤BMI<29.9: (322)

30≤BMI: (158)

ND 459:358

Mosli HA, et al. 
2012 [26]

Saudi Arabia 2b 7/9 173 BMI<18: (5)
18.5≤BMI<24.9: (30)

25≤BMI<30: (64)
30≤BMI: (24)

46.03±12.7 131:42

Al-Hayek S, et al. 
2013 [27]

The USA 3b 7/9 325 BMI<25: (88)
25≤BMI<30: (103)

30≤BMI: (134)

51.8±12.5 162:163

Najeeb Q, et al. 
2013 [28]

India 3b 7/9 100 BMI<25: (28)
25≤BMI<30: (38)

30≤BMI: (34)

38.49±13.72 70:30

Çaltık Yılmaz A, 
et al. 2015 [29]

Turkey 2b 6/9 84 BMI<18: (52)
18≤BMI<25: (20)

25≤BMI: (12)

ND 42:42

Fram EB, et al. 
2015 [30]

The USA 3b 7/9 382 BMI<25: (79)
25≤BMI<30: (140)

30≤BMI: (163)

46.4±15 224:382

Shavit L, et al. 
2014 [31]

The UK 3b 6/9 2132 BMI<25: (833)
25≤BMI<30: (863)

30≤BMI: (436)

46±15 1503:629

Almannie RM, et 
al. 2019 [32]

Saudi Arabia 3b 7/9 433 BMI<18: (24)
18≤BMI<25: (81)
25≤BMI: (328)

ND 316:117

LOE: level of evidence; BMI: body mass index; ND: not demonstrated.
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and citrate excretion in 24h-urine. The interes-
ting outcomes included size of urinary stones, 
the composition of urinary stones, such as cal-
cium oxalate, calcium phosphate, uric acid, car-
bapatite and cystin. The data of mixed urinary 
stones were also extracted. The mixed urinary 
stones represented more than one composition 
of stones described in original research.

Statistical Analysis

The meta-analysis was conducted using 
Review Manager software (RevMan version 5.4; 
Cochrane Collaboration, London, UK). All unit 
of the urine volume was unified to mL and other 
measurements to mg/day to reduce the hetero-
geneity and make it easier to be calculated and 
analyzed. The classifications of BMI were sum-
marized into two groups: BMI < 25 and BMI 
≥ 25 kg/m2 according to the guidelines of the 
Cochrane Collaboration (37). The data were ex-
tracted and analyzed, including in subgroups 
based on sex (male or female) and geographic 
region (Asia, North America, or Europe). Wei-
ghted mean difference (WMD) was used for the 
continuous data and relative risk (RR) for the 
dichotomous data. All the results are represen-
ted with 95% confidence intervals (95% CI). The 
heterogeneity among studies was assessed by 
the Chi-square test and I2 value. The p > 0.05 or 
I2 < 50% were considered as good homogeneity. 
The pooled effects were analyzed by the z test, 
and p < 0.05 represented statistical significan-
ce. Publication bias was assessed using funnel 
plots. The sensitivity analysis was performed 
using selected studies with a high score (scored 
≥7) according to Newcastle–Ottawa Scale.

RESULTS

Characteristics and methodological quality of 
included studies

The literature search and study selection 
processes are shown in Figure-1A. A total of 15 
studies (13,233 patients) were included in the 
analysis. These studies were conducted across 
the World, seven studies in Asia, four studies in 
Europe, three studies in North America, and one 

study in South America. There were three cohort 
studies rated as level 2b of evidence and twelve 
case-control studies rated as level 3b (shown in 
Table-1). The full stars given to the methodolo-
gical quality of a study were nine stars according 
to the Newcastle Ottawa Scale. In the three cohort 
studies, all studies did not select the non-exposed 
cohort in the same community and did not control 
for any additional factor, and one study did not 
conduct adequate follow-up of cohorts. Therefore, 
two cohort studies got seven stars and one got 
six stars (shown in Supplementary Table-1). In the 
twelve case-control studies, all studies did not se-
lect controls in the same community and did not 
describe non-response rate, and one study did not 
select representative cases. Therefore, eleven case-
-control studies got seven stars and one got six 
stars (shown in Supplementary Table-1). Studies 
scored ≥ 7 stars were considered to be of high me-
thodological quality to be selected for sensitivity 
analysis.

The classifications of BMI were more than 
two groups in several studies (shown in Table-1). 
The ratio of BMI < 25 to BMI ≥ 25 kg/m2 was 
0.941 after summarizing the classifications of BMI 
into two groups which were BMI < 25 and BMI ≥ 
25 kg/m2. The average age of patients in eleven 
studies were 49.282 years old. And the ratio of 
male to female was 1.936. All detailed characteris-
tics of selected studies are shown in Table-1.

Publication bias
The publication bias was detected using 

funnel plots. As showed in Figure-1B, the funnel 
plot of uric acid stones including the most studies 
seemed asymmetric, suggesting that there was a 
publication bias in this meta-analysis.

Characteristics of serum and 24h-urine che-
mistries

The meta-analysis also included several 
serum and 24-h urinary biochemical parameters. 
The results indicated that the level of serum cal-
cium and urate was higher in BMI ≥ 25 kg/m2 

group compared to BMI < 25 kg/m2 group. The 
volume of 24h-urine in BMI ≥ 25 kg/m2 group was 
more than that in BMI < 25 kg/m2 group. The pH 
value of 24h-urine was lower in BMI ≥ 25 kg/m2 
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group compared to BMI < 25 kg/m2 group. And all 
the calcium, oxalate, urate and citrate excretion 
in 24h-urine in BMI ≥ 25 kg/m2 group were more 
than those in BMI < 25 kg/m2 group. All the diffe-
rences were statistically significant (Table-2). The 
detailed characteristics of serum and 24h-urine 
chemistries are summarized in Table-2.

Size of urinary stones
There were four studies selected for meta-

-analysis of the size of urinary stones. The results 
indicated no significant difference in size of uri-
nary stones between the BMI < 25 and ≥ 25 kg/m2 
group (WMD -0.13mm, 95% CI [-0.98, 0.73], p = 
0.77). Forest plots are shown in Figure-2.

Calcium oxalate
A total of ten studies were enrolled in 

this meta-analysis regarding calcium oxalate. 
As shown in Figure-3, those in BMI ≥ 25 kg/

m2 group had a higher risk, RR=0.95, [95% CI] 
= 0.91, 0.98, p = 0.006. However, when gender 
was considered, the trend was opposite. Both 
in male and female subgroups, the results in-
dicated a lower risk in BMI ≥ 25 kg/m2 group 
compared to BMI<25 kg/m2 group. In male sub-
group, RR=1.07, [95% CI] = 1.01, 1.13, p = 0.02. 
In female subgroup, the differences were not 
statistically significant, RR=1.06, [95% CI] = 
0.94, 1.19, p =0.37. There were vary trends in 
different regions. In both Asia and North Ame-
rica subgroups, those in BMI ≥ 25 kg/m2 group 
had a higher risk, in Asia subgroup, RR= 0.81, 
[95% CI] = 0.69, 0.95, p =0.009, in North Ame-
rica, RR= 0.59 [95% CI] =0.53, 0.66, p<0.00001. 
But in Europe subgroup, there was no signifi-
cant difference between BMI ≥ 25 kg/m2 group 
and BMI<25 kg/m2 group, RR=1.04, [95% CI] = 
1.00, 1.08, p=0.06. Forest plots of groups and 
subgroups are shown in Figure-3.

Figure 1 – A) Flow-chart of study selection. B) Funnel plot of uric acid.
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Calcium phosphate
There was no significant difference of 

calcium phosphate formation between BMI ≥ 25 
kg/m2 group and BMI<25 kg/m2 group in total 
patients according to the meta-analysis invol-
ving nine eligible studies (RR=1.12, [95% CI] = 
0.98, 1.26, p = 0.09). In male subgroup, those in 
BMI≥25 kg/m2 group had a lower risk, RR=1.52, 
[95% CI] =1.06, 2.17, p = 0.02. Female subgroup 
showed no significant difference, RR=1.19, [95% 
CI] = 0.90, 1.58, p = 0.22. However, the diffe-
rences were statistically significant when region 
factor was considered. The trends were oppo-
site in North America and Europe subgroups. 
In North America subgroup, there was a higher 
risk in BMI≥25 kg/m2 group, RR=0.53, [95% CI] 
= 0.41, 0.67, p <0.00001. In Europe subgroup, 
those in BMI≥25 kg/m2 group had a lower risk, 
RR=1.51, [95% CI] =1.27, 1.80, p <0.00001. But 
in Asia subgroup, the difference was not sta-
tistically significant, RR=1.09, [95% CI] =0.81, 
1.46, p =0.58. Forest plots of groups and sub-
groups are shown in Figure-4.

Uric acid
Those in BMI≥25 kg/m2 group had a hi-

gher risk of uric acid in nearly all groups and 
subgroups except Europe subgroup based on 
this meta-analysis involving eleven relevant stu-
dies. In total patients, RR=0.87, [95% CI] = 0.83, 
0.91, p<0.00001. In male subgroup, RR=0.48, 
[95% CI] =0.36, 0.64, p<0.00001. In female sub-
group, RR=0.47, [95% CI] =0.29, 0.76, p=0.002. 
In Asia subgroup, RR=0.34, [95% CI] =0.20, 0.58, 
p<0.00001. In North America subgroup, RR=0.12, 
[95% CI] =0.08, 0.17, p<0.00001. However, in 
Europe subgroup, the difference was not statisti-
cally significant, RR=0.99, [95% CI] =0.95, 1.03, 
p=0.56. Forest plots of groups and subgroups are 
shown in Figure-5.

Carbapatite
Meta-analysis of carbapatite showed that 

there was no significant difference between the 
BMI < 25 and ≥ 25 kg/m2 group. (RR= 1.09, 
[95% CI] = 0.85, 1.40, p =0.66). Forest plots are 
shown in Figure-6A.

Table 2 - Characteristics of serum and 24h-urine chemistries of the patients.

Characteristics Studies

Number of 
patients

Heterogeneity Overall effect

BMI<25 vs 
BMI≥25(kg/m2)

p value I2 (%) WMD (95% CI) p value*

Serum
Calcium (mg/dL) [20, 28] 503/301 0.95 0 -0.10 (-0.19, -0.01) 0.03

Urate (mg/dL) [20, 28, 30] 582/604 0.02 75% -0.86 (-1.04, -0.68) <0.00001

24-urine

Volume (mL) [19, 20, 30] 1362/1069 0.4 0 -88.49 (-148.02, -28.95) 0.004

pH
[14, 19, 20, 

28, 31]
2180/2164 <0.00001 98% 0.13(0.09, 0.16) <0.00001

Calcium excretion 
(mg/day)

[20, 30, 31] 1387/1831 0.26 26% -11.47(-19.97, -2.96) 0.008

Oxalate excretion 
(mg/day)

[20, 30, 31] 1387/1831 0.58 0 -1.62(-2.67, -0.57) 0.003

Urate excretion 
(mg/day)

[14, 20, 30, 
31]

1423/1858 0.006 76% -88.23(-101.87, -74.59) <0.00001

Citrate excretion 
(mg/day)

[20, 30, 31] 1387/1831 0.1 57% -33.28(-52.16, -14.40) 0.00006

WMD: weighted mean difference, CI: confidence interval
*p <0.05 was considered statistically significant and shown in bold.
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Figure 2 - Forest plots of size of urinary stones.

Table 3 - Characteristics of size and composition of urinary stones in the patients.

Items Studies

Number of patients Heterogeneity Overall effect

BMI<25 vs BMI≥25 
(kg/m2)

p value I2 (%) RR/WMD (95% CI) p value*

size of urolithiasis [14, 20, 26, 29] 618/406 0.64 0 -0.13(-0.98, 0.73) 0.77

calcium oxalate
[19, 21, 22, 24, 25, 

27, 28, 30-32]
4103/3831 <0.00001 96% 0.95(0.91, 0.98) 0.006

calcium oxalate (male) [22, 25, 27] 970/728 0.8 0% 1.34(1.05, 1.72) 0.02

calcium oxalate (female) [22, 25, 27] 484/337 0.32 13% 1.16(0.85, 1.58) 0.36

calcium phosphate
[21, 22, 24, 25, 27, 

28, 30-32]
3264/3292 <0.00001 91% 1.15(0.97, 1.35) 0.1

calcium phosphate(male) [22, 25, 27] 970/728 0.82 0% 1.52(1.06, 2.17) 0.02

calcium phosphate(female) [22, 25, 27] 484/337 0.76 0% 1.19(0.90, 1.58) 0.22

uric acid
[19, 21, 22, 23, 24, 
25, 27, 28, 30-32]

5519/4879 0.00001 98% 0.87(0.83, 0.91) <0.00001

uric acid (male) [22, 25, 27] 970/728 0.66 0% 0.48(0.36, 0.64) <0.00001

uric acid (female) [22, 25, 27] 484/337 0.72 0% 0.47(0.29, 0.76) 0.002

carbapatite [19, 27, 32] 1032/1104 0.52 0% 1.09(0.85, 1.40) 0.51

cystin [27, 32] 193/565 0.02 81% 2.52(1.20, 5.31) 0.01

mixed stones [19, 24, 25, 27, 31] 1751/2316 0.36 9% 1.15(1.06, 1.24) 0.00009

mixed stones (male) [25, 27] 86/242 0.79 0% 1.04(0.68, 1.57) 0.87

mixed stones (female) [25, 27] 109/151 0.07 69% 1.05(0.77, 1.43) 0.74

*p <0.05 was considered statistically significant and shown in bold.
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Figure 3 - Forest plots of calcium oxalate.
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Figure 4 - Forest plots of calcium phosphate.
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Figure 5 - Forest plots of uric acid.
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Figure 6 – A) forest plots of carbapatite. B) forest plots of cystin. C) forest plots of mixed stones.
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Cystin
The results of meta-analysis of cystin 

indicated a lower risk in BMI≥25 kg/m2 group 
compared to BMI<25 kg/m2 group (RR= 2.52 
[95% CI] =1.20, 5.31, p=0.01). Forest plots are 
shown in Figure-6B.

Mixed stones
A total of five eligible studies were in-

volved in this meta-analysis of mixed stones. 
The results indicated a lower risk in BMI≥25 kg/
m2 group compared to BMI<25 kg/m2 group, 
RR=1.15, [95% CI] = 1.06, 1.24, p =0.0009. Ho-
wever, in both male and female subgroups, there 
were no significant differences. In male subgroup, 
RR=1.04, [95% CI] = 0.68, 1.57, p =0.87. In fe-
male subgroup, RR=1.05, [95% CI] = 0.77, 1.43, 
p =0.74. Forest plots of groups and subgroups are 
shown in Figure-6B.

Sensitivity analysis
The detailed characteristics of size and 

composition of urinary stones in the patients 
were summarized in Table-3. All studies scored ≥ 
seven stars according to Newcastle–Ottawa Scale 
were enrolled in this sensitivity analysis (sum-
marized in Table-4), and the outcomes of size of 
urinary stones, calcium oxalate, calcium phos-
phate, uric acid, carbapatite, cystin and mixed 
stones were stable, demonstrating that this meta-
-analysis was reliable.

DISCUSSION

The incidence of urolithiasis is increasing 
worldwide, leading to physical and financial bur-
den (1-3). At present, the treatment of urolithia-
sis is usually limited to remove stones, due to the 
lack of knowledge of etiology and mechanism of 
stones formation in most urolithiasis patients. In-
vestigation of the common and modifiable risks 
of urolithiasis may get insight in the pathogenesis 
of urinary stones and explore new approaches to 
treatment and prevention. Overweight and obesity 
are also becoming a global problem and are kno-
wn to have a role in the development of several 
chronic diseases, such as hypertension, diabetes, 

cancers, chronic kidney disease, and urolithiasis 
(38). The incidence of urinary stones is significan-
tly increased in patients with high BMI (17-20). 
The effect of body size on urinary stones forma-
tion is not clear yet. This meta-analysis is the first 
systematic review focusing on the impact of BMI 
on the size and composition of urinary stones, ex-
ploring how overweight and obesity contribute to 
urinary stones formation.

In this meta-analysis, the average age was 
49.282 years which was older than peak age of 
20-40 years reported by previous studies (39). The 
morbidity of urolithiasis in males was near two ti-
mes more than that in females in this meta-analy-
sis, indicating the high incidence of urolithiasis in 
males. But recent studies have demonstrated the 
increased prevalence of urolithiasis in females, 
and the male-to-female ratio has decreased from 
3:1 to 1.3:1 between 1970 and 2000 (40). Mo-
reover, medical care utilization due to urolithia-
sis increased 52% among women whereas only 
22% among men (41). The reason underlying this 
change is not clear now. There are several hypo-
thesizes. The change of society role and workpla-
ce in females might result in dietary and lifes-
tyle changes which could contribute to urinary 
stones formation. For example, one study found 
that women tended to drink less water than men 
(42). Another hypothesis was that the increased 
prevalence of obesity in females was higher than 
that in males, and high BMI has been demons-
trated as a risk factor for urolithiasis. Moreover, 
overweight and obesity in females had a larger 
impact on the development of urolithiasis, with 
OR=1.35, [95% CI] =1.33, 1.37 in females, and 
OR=1.04, [95% CI] =1.02,1.06 in males (43).

In this meta-analysis, we found a higher 
level of serum calcium, calcium excretion and 
oxalate excretion in 24h-urine in overweight and 
obesity group. However, there were conflict results 
of serum calcium in other studies. Zahra Jafari-
-Jafari-Giv, et al. reported a lower level of serum 
calcium in obese people, while Wang, et al. found 
that there was no association between serum cal-
cium and body size (44, 45). Further investigations 
are warranted to explore the relationship of serum 
calcium and BMI. In this meta-analysis, we also 
found a higher risk of calcium oxalate urinary sto-
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Table 4 - Sensitivity analysis.

Items Studies Number of patients Heterogeneity Overall effect Higher in

BMI<25 vs BMI≥25 
(kg/m2)

p value I2 (%) RR/WMD (95% CI) p value*

size of urinary 
stones

14, 20, 26] 546/394 0.45 0 -0.15(-1.01, 0.72) 0.74 /

calcium oxalate [19, 21, 22, 24, 25, 
27, 28, 30, 32]

3867/3427 <0.00001 97% 0.95(0.91, 0.99) 0.01 BMI ≥25

calcium 
phosphate

[21, 22, 24, 25, 27, 
28, 30, 32]

3028/2888 <0.00001 91% 0.98(0.85, 1.14) 0.83 /

uric acid [19, 21, 22, 23, 24, 
25, 27, 28, 30, 32]

5283/4475 0.00001 98% 0.89(0.86, 0.93) <0.00001 BMI ≥25

carbapatite [19, 27, 32] 1032/1104 0.52 0% 1.09(0.85, 1.40) 0.51 /

cystin [27, 32] 193/565 0.02 81% 2.52(1.20, 5.31) 0.01 BMI <25

mixed stones [19, 24, 25, 27] 1515/1912 0.63 0% 1.20(1.08, 1.34) 0.001 BMI <25

*p <0.05 was considered statistically significant and shown in bold.

nes in overweight and obesity group. The calcium 
oxalate accounted for approximately 80% urinary 
stones (46). Supersaturation of calcium oxalate in 
urine was a major contribution to formation of 
calcium oxalate stones (47). High level of urine 
urate was also the risk factor of calcium oxalate 
stones formation, because high concentration of 
urate could decrease the solubility of calcium oxa-
late and reduce inhibitory activity of glycosami-
noglycans on the crystallization of calcium oxa-
late, promoting the formation of calcium oxalate 
stones (48). Obese individuals were more likely to 
have hyperuricosuria, hyperoxaluria and hyper-
calciuria, because those people usually had a high 
intake of calories, calcium, animal protein, and 
sodium. Therefore, overweight, and obese people 
had a high risk of calcium oxalate stones. And 
several studies indicated that diets with high fruits 
and vegetables and low protein and salt were as-
sociated with decreased calcium oxalate supersa-
turation (49-51). However, considering gender, the 
trend was opposite in both male and female sub-
groups. The limited samples and publication bias 
might be the reasons of this opposite trend. In the 
funnel plot (Supplementary Figure-1), we could 

found the plots were located at the bottom of the 
funnel and nearly almost plots were on the right 
side of the axis representing ration 1. In Asia and 
North America subgroups, overweight and obese 
individuals had high risk of calcium oxalate, but 
in Europe subgroup, there was no significant di-
fference. The trend of calcium oxalate stones in 
overweight and obese people among these regions 
varies considerably on account of environmental 
factors, especially dietary intake, and lifestyle (52). 
In general, high BMI was a risk factor of calcium 
oxalate stones formation, but different dietary in-
take and lifestyle might have impact on this type 
of urinary stones.

Our results indicated that there was no sig-
nificant difference of calcium phosphate between 
BMI < 25 and BMI ≥ 25 kg/m2 groups in this me-
ta-analysis. But the general trend was that higher 
BMI tended to lower percentage of calcium phos-
phate stones, except in North America subgroup. 
It was interesting that obesity appears to affect 
potential lithogenic factors including oxalate and 
uric acid, but not calcium (53, 54). The develop-
ment of calcium phosphate stones was associa-
ted more with calcium metabolism factors such as 
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hyperparathyroidism, which might be the reason 
why the prevalence of calcium phosphate sto-
nes is not higher in obese subjects (24). Further 
study is needed to explore the exact mechanism 
underlying the relationship of calcium phospha-
te stones and BMI.

In this meta-analysis, the results demons-
trated that there was a strong relationship between 
formation of uric acid stones and BMI; overwei-
ght and obese individuals tended to be more likely 
to develop uric acid stones independent of sex or 
region. The level of serum urate and urate excre-
tion in 24h-urine were also increased in overwei-
ght and obesity groups. Those obese people might 
have increased dietary purine intake, contributing 
to the high level of serum urate and urine urate 
and were more likely to have hyperinsulinemia or 
insulin resistance damaging the renal function in 
ammonium production and the ability to excrete 
acid, and thus decreasing urine pH (55, 56). The 
results also indicated a lower pH in 24h-urine in 
high BMI group in our analysis. The acidic envi-
ronment in urine could contribute to the forma-
tion of uric acid stones. Hyperinsulinemia could 
also lead to increased urinary excretion of uric 
acid which was an important risk factor for uric 
acid stones formation (57).

We also analyzed the formation of carba-
patite, cystin and mixed stones in normal weight 
and overweight or obesity groups. Only three stu-
dies were eligible for analysis of carbapatite and 
two for cystin. There was no significant difference 
in the frequency of carbapatite stones according 
to BMI. It has been reported that carbapatite sto-
nes are more closely associated with sex than with 
BMI. Carbapatite and struvite stones have been 
found to be more common in women (57), whe-
reas cystin stones are associated with genetic fac-
tors. Cystinuria is caused by a failure in proximal 
tubular reabsorption of filtered cystine, which is a 
homodimer of the amino acid cysteine. Cystinuria 
is an autosomal recessive genetic disorder caused 
by two genes (i.e., SLC3A1 and SLC7A9). Most 
patients with cystinuria presented in childhood 
with recurrent urinary stones and cystinuria (58). 
Our meta-analysis of the only two eligible studies 
found a lower incidence of cystin stones in the 
group with a high BMI. One of the two studies, 

reported by Almannie et al., had a much larger 
sample size than the other and showed a high in-
cidence of cystin stones in a normal weight group, 
which the authors could not explain (32). In reali-
ty, cystin stones are more likely to form in urine in 
an acidic environment. Therefore, alkaline urine 
with a pH in the range of 7.0–7.5 would reduce 
the solubility of cystine and prevent recurrence of 
cystin stones (59). Our meta-analysis found that 
individuals who were overweight or obese were 
at lower risk of mixed stones, which meant that 
they tended to have a single urinary stone. Howe-
ver, overweight and obese individuals were more 
likely to have high urate excretion and low pH in 
urine, which were risk factors for uric acid stones. 
The high level of urate in urine also increased the 
saturation of calcium oxalate in urine. Therefore, 
high BMI should have more mixed urinary stones 
at least mixture of uric acid and calcium phospha-
te, which was opposite to the results in this meta-
-analysis. Further studies are necessary to explore 
the relationship of mixed stone and BMI.

There were some limitations in this meta-
-analysis. First, not all the selected studies had the 
information of characteristics in serum and 24h-
-urine which were important for explaining for-
mation of urolithiasis. Second, there were signifi-
cant heterogeneities when assessing some data in 
total samples. Third, the eligible studies for sub-
groups analysis were limited, which might have 
publication bias and influence the results.

CONCLUSION

This meta-analysis demonstrated that 
overweight and obesity increase the risk of uric 
acid stones in both sexes and in different re-
gions and that the risk of calcium oxalate for-
mation is increased in overweight and obese 
patients. Weight loss should be considered in 
the prevention and treatment of uric acid and 
calcium oxalate stones.

FUNDING

National Natural Science Foundation of 
China (81671443 [J.L]).



IBJU |  IMPACT OF BODY MASS INDEX ON SIZE AND COMPOSITION OF URINARY STONES

295

CONFLICT OF INTEREST

None declared.

 
REFERENCES

1.	 Raja A, Wood F, Joshi HB. The impact of urinary stone 
disease and their treatment on patients’ quality of life: a 
qualitative study. Urolithiasis. 2020;48:227-34.

2.	 Sorokin I, Mamoulakis C, Miyazawa K, Rodgers A, Talati J, 
Lotan Y. Epidemiology of stone disease across the world. 
World J Urol. 2017;35:1301-20.

3.	 Ziemba JB, Matlaga BR. Epidemiology and economics of 
nephrolithiasis. Investig Clin Urol. 2017;58:299-306.

4.	 Wang W, Fan J, Huang G, Li J, Zhu X, Tian Y, et al. Prevalence 
of kidney stones in mainland China: A systematic review. Sci 
Rep. 2017;7:41630.

5.	 Chewcharat A, Curhan G. Trends in the prevalence of kidney 
stones in the United States from 2007 to 2016. Urolithiasis. 
2021;49:27-39.

6.	 Bartoletti R, Cai T, Mondaini N, Melone F, Travaglini F, Carini 
M, et al. Epidemiology and risk factors in urolithiasis. Urol 
Int. 2007;79(Suppl 1):3-7.

7.	 Eisner BH, Goldfarb DS. A nomogram for the prediction of 
kidney stone recurrence. J Am Soc Nephrol. 2014;25:2685-7.

8.	 Zhuo D, Li M, Cheng L, Zhang J, Huang H, Yao Y. A Study of 
Diet and Lifestyle and the Risk of Urolithiasis in 1,519 Patients 
in Southern China. Med Sci Monit. 2019;25:4217-24.

9.	 Yasui T, Okada A, Hamamoto S, Ando R, Taguchi K, Tozawa 
K, et al. Pathophysiology-based treatment of urolithiasis. Int 
J Urol. 2017;24:32-8.

10.	 Fisang C, Anding R, Müller SC, Latz S, Laube N. Urolithiasis-
-an interdisciplinary diagnostic, therapeutic and secondary 
preventive challenge. Dtsch Arztebl Int. 2015;112:83-91.

11.	 Wong YV, Cook P, Somani BK. The association of 
metabolic syndrome and urolithiasis. Int J Endocrinol. 
2015;2015:570674.

12.	 Rams K, Philipraj SJ, Purwar R, Reddy B. Correlation of 
metabolic syndrome and urolithiasis: A prospective cross-
sectional study. Urol Ann. 2020;12:144-9.

13.	 Valente P, Castro H, Pereira I, Vila F, Araújo PB, Vivas C, et al. 
Metabolic syndrome and the composition of urinary calculi: 
is there any relation? Cent European J Urol. 2019;72:276-9.

14.	 Takeuchi H, Aoyagi T. Clinical characteristics in urolithiasis 
formation according to body mass index. Biomed Rep. 
2019;11:38-42.

15.	 Chugh S, Pietropaolo A, Montanari E, Sarica K, Somani 
BK. Predictors of Urinary Infections and Urosepsis After 
Ureteroscopy for Stone Disease: a Systematic Review 
from EAU Section of Urolithiasis (EULIS). Curr Urol Rep. 
2020;21:16.

16.	 Navaei M, Vafa S, Hezaveh ZS, Amirinejad A, Mohammadi S, 
Sayyahfar S, et al. Urolithiasis, growth and blood pressure 
in childhood: A case-control study. Clin Nutr ESPEN. 
2020;38:74-9.

17.	 Semins MJ, Shore AD, Makary MA, Magnuson T, Johns R, 
Matlaga BR. The association of increasing body mass index 
and kidney stone disease. J Urol. 2010;183:571-5.

18.	 Yoshimura E, Sawada SS, Lee IM, Gando Y, Kamada M, 
Matsushita M, et al. Body Mass Index and Kidney Stones: A 
Cohort Study of Japanese Men. J Epidemiol. 2016;26:131-6.

19.	 Trinchieri A, Croppi E, Montanari E. Obesity and urolithiasis: 
evidence of regional influences. Urolithiasis. 2017;45:271-8.

20.	 Lee SC, Kim YJ, Kim TH, Yun SJ, Lee NK, Kim WJ. Impact 
of obesity in patients with urolithiasis and its prognostic 
usefulness in stone recurrence. J Urol. 2008;179:570-4.

21.	 Ekeruo WO, Tan YH, Young MD, Dahm P, Maloney ME, 
Mathias BJ, et al. Metabolic risk factors and the impact of 
medical therapy on the management of nephrolithiasis in 
obese patients. J Urol. 2004;172:159-63.

22.	 Daudon M, Lacour B, Jungers P. Influence of body size on 
urinary stone composition in men and women. Urol Res. 
2006;34:193-9.

23.	 Daudon M, Traxer O, Conort P, Lacour B, Jungers P. Type 2 
diabetes increases the risk for uric acid stones. J Am Soc 
Nephrol. 2006;17:2026-33.

24.	 Chou YH, Su CM, Li CC, Liu CC, Liu ME, Wu WJ, et al. 
Difference in urinary stone components between obese and 
non-obese patients. Urol Res. 2011;39:283-7.

25.	 Del Valle EE, Negri AL, Spivacow FR, Rosende G, Forrester 
M, Pinduli I. Metabolic diagnosis in stone formers in relation 
to body mass index. Urol Res. 2012;40:47-52.

26.	 Mosli HA, Mosli HH. Increased body mass index is associated 
with larger renal calculi. Urology. 2012;80:974-7.

27.	 Al-Hayek S, Schwen ZR, Jackman SV, Averch TD. The 
impact of obesity on urine composition and nephrolithiasis 
management. J Endourol. 2013;27:379-83.

28.	 Najeeb Q, Masood I, Bhaskar N, Kaur H, Singh J, Pandey 
R, et al. Effect of BMI and urinary pH on urolithiasis and its 
composition. Saudi J Kidney Dis Transpl. 2013;24:60-6.

29.	 Çaltık Yılmaz A, Büyükkaragöz B, Oguz U, Çelik B. Influence 
of body mass index on pediatric urolithiasis. J Pediatr Urol. 
2015;11:350.e1-6.



IBJU |  IMPACT OF BODY MASS INDEX ON SIZE AND COMPOSITION OF URINARY STONES

296

30.	 Fram EB, Agalliu I, DiVito J, Hoenig DM, Stern JM. The 
visceral fat compartment is independently associated 
with changes in urine constituent excretion in a stone 
forming population. Urolithiasis. 2015;43:213-20.

31.	 Shavit L, Ferraro PM, Johri N, Robertson W, Walsh SB, 
Moochhala S, et al. Effect of being overweight on urinary 
metabolic risk factors for kidney stone formation. 
Nephrol Dial Transplant. 2015;30:607-13.

32.	 Almannie RM, Al-Nasser KA, Al-Barraq KM, Alsheheli 
MM, Al-Hazmi HH, Binsaleh SA, et al. The effect of the 
body mass index on the types of urinary tract stones. 
Urol Ann. 2020;12:42-8.

33.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson 
GD, Rennie D, et al. Meta-analysis of observational 
studies in epidemiology: a proposal for reporting. 
Meta-analysis Of Observational Studies in Epidemiology 
(MOOSE) group. JAMA. 2000;283:2008-12.

34.	 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA 
Group. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6:e1000097.

35.	 Roth JD, Casey JT, Whittam BM, Szymanski KM, 
Kaefer M, Rink RC, et al. Complications and Outcomes 
of Pregnancy and Cesarean Delivery in Women 
With Neuropathic Bladder and Lower Urinary Tract 
Reconstruction. Urology. 2018;114:236-43.

36.	 Correia C, Pardal C, Igreja J. Management of pregnancy 
after augmentation cystoplasty. BMJ Case Rep. 
2015;2015:bcr2015209304.

37.	 Chandna A, Kaundal P, Parmar KM, Singh SK. 
Dismembered extravesical reimplantation of ectopic 
ureter in duplex kidney with incontinence. BMJ Case 
Rep. 2020;13:e234915.

38.	 GBD 2015 Obesity Collaborators; Afshin A, Forouzanfar 
MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health 
Effects of Overweight and Obesity in 195 Countries over 
25 Years. N Engl J Med. 2017;377:13-27.

39.	 Tseng TY, Preminger GM. Kidney stones. BMJ Clin Evid. 
2011;2011:2003.

40.	 Özsoy M, Somani B, Seitz C, Veser J, Kallidonis P. Sex 
differences in the therapy of kidney and ureteral stones. 
Curr Opin Urol. 2019;29:261-6.

41.	 Strope SA, Wolf JS Jr, Hollenbeck BK. Changes in 
gender distribution of urinary stone disease. Urology. 
2010;75:543-6, 546.e1.

42.	 Tundo G, Khaleel S, Pais VM Jr. Gender Equivalence 
in the Prevalence of Nephrolithiasis among Adults 
Younger than 50 Years in the United States. J Urol. 
2018;200:1273-7.

43.	 Nowfar S, Palazzi-Churas K, Chang DC, Sur RL. The 
relationship of obesity and gender prevalence changes 
in United States inpatient nephrolithiasis. Urology. 
2011;78:1029-33.

44.	 Jafari-Giv Z, Avan A, Hamidi F, Tayefi M, Ghazizadeh H, 
Ghasemi F, et al. Association of body mass index with 
serum calcium and phosphate levels. Diabetes Metab 
Syndr. 2019;13:975-80.

45.	 Wang Q, Hu W, Lu Y, Hu H, Zhang J, Wang S. The impact 
of body mass index on quantitative 24-h urine chemistries 
in stone forming patients: a systematic review and meta-
analysis. Urolithiasis. 2018;46:523-33.

46.	 Shah A, Leslie SW, Ramakrishnan S. Hyperoxaluria.  
StatPearls. Treasure Island (FL): StatPearls Publishing 
Copyright © 2021, StatPearls Publishing LLC.; 2021.

47.	 Holmes RP, Goodman HO, Assimos DG. Contribution of 
dietary oxalate to urinary oxalate excretion. Kidney Int. 
2001;59:270-6.

48.	 Siener R, Glatz S, Nicolay C, Hesse A. The role of 
overweight and obesity in calcium oxalate stone 
formation. Obes Res. 2004;12:106-13.

49.	 Taylor EN, Fung TT, Curhan GC. DASH-style diet 
associates with reduced risk for kidney stones. J Am Soc 
Nephrol. 2009;20:2253-9.

50.	 Prezioso D, Strazzullo P, Lotti T, Bianchi G, Borghi L, 
Caione P, et al. Dietary treatment of urinary risk factors 
for renal stone formation. A review of CLU Working 
Group. Arch Ital Urol Androl. 2015;87:105-20. Erratum 
in: Arch Ital Urol Androl. 2016;88:76. Ferraro, Manuel 
[added]. 

51.	 Danilovic A, Marchini GS, Pucci ND, Coimbra B, Torricelli 
FCM, Batagello C, et al. Effect of a low-calorie diet 
on 24-hour urinary parameters of obese adults with 
idiopathic calcium oxalate kidney stones. Int Braz J Urol. 
2021;47:1136-47.

52.	 Trinchieri A. Epidemiology of urolithiasis. Arch Ital Urol 
Androl. 1996;68:203-49.

53.	 Shi L, Berkemeyer S, Buyken AE, Maser-Gluth C, Remer 
T. Glucocorticoids and body fat associated with renal uric 
acid and oxalate, but not calcium excretion, in healthy 
children. Metabolism. 2010;59:134-9.



IBJU |  IMPACT OF BODY MASS INDEX ON SIZE AND COMPOSITION OF URINARY STONES

297

54.	 Negri AL, Spivacow FR, Del Valle EE, Forrester M, 
Rosende G, Pinduli I. Role of overweight and obesity on 
the urinary excretion of promoters and inhibitors of stone 
formation in stone formers. Urol Res. 2008;36:303-7.

55.	 Klisic J, Hu MC, Nief V, Reyes L, Fuster D, Moe OW, 
et al. Insulin activates Na(+)/H(+) exchanger 3: biphasic 
response and glucocorticoid dependence. Am J Physiol 
Renal Physiol. 2002;283:F532-9.

56.	 Kamel KS, Cheema-Dhadli S, Halperin ML. Studies on the 
pathophysiology of the low urine pH in patients with uric 
acid stones. Kidney Int. 2002;61:988-94.

57.	 Abate N, Chandalia M, Cabo-Chan AV Jr, Moe OW, 
Sakhaee K. The metabolic syndrome and uric acid 
nephrolithiasis: novel features of renal manifestation of 
insulin resistance. Kidney Int. 2004;65:386-92.

58.	 Al-Marhoon MS, Bayoumi R, Al-Farsi Y, Al-Hinai A, 
Al-Maskary S, Venkiteswaran K, et al. Urinary stone 
composition in Oman: with high incidence of cystinuria. 
Urolithiasis. 2015;43:207-11.

_______________________
Correspondence address:

Jiahong Tan, MD
Department of Obstetrics and Gynecology, The First 

People’s Hospital of Yunnan Province, No. 157 of 
Jinbi Road, Xishan District, Kunming, 650032, China; 

E-mail: whtjtjh@163.com


