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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 Ke_y words: N
Cochrane Library were searched up to August 12th 2022 for eligible studies. The uroli- t'lr(;naryogalquty“’ Body Mass
ndex; Obesi

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 and developing countries over the last decades (3).
From 1991 to 2000, 2001 to 2010, and 2011 to

Urolithiasis is one of the most common di- 2016, the prevalence of urolithiasis in China were

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

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 729% (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-
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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/m? (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 BMI (kg/m2) Classification Age (years) Sex
samples (Number of each group) (M+ SD) (male: female)
Takeuchi H,. Japan 2b 7/9 63 BMI<25: (36) 55.6+16 49:14
2019 [14] BMI>25: (27)
Trinchieri A, et I[taly 3b 7/9 1698 BMI<18.5: (91) 45.9+14.6 984:714
al. 2016 [19] 18.5<BMI<24.9: (924)
25<BMI<29.9: (542)
30<BMI: (141)
Lee SC, et al. South Korea 3b 7/9 704 BMI<25: (475) 42.8+13.2 470:234
2007 [20] BMI>25: (229)
Ekeruo WO, etal. ~ The USA 3b 7/9 1021 BMI<25: (881) 53.2+14.9 ND
2004 [21] BMI>25: (140)
Daudon M, et al. France 3b 7/9 1930 BMI<25: (1259) ND 1370:561
2006(1) [22] 25<BMI<30: (480)
30<BMI: (191)
Daudon M, et al. France 3b 7/9 2464 BMI<25: (1416) 53.6:11.4 1760:704
2006(2) [23] 25<BMI<30: (703)
30<BM!: (345)
Chou YH, et al. Taiwan, 3b 7/9 907 18.5<BMI<25: (251) 53.9+14 661:246
2010 [24] China 25<BMI<27: (304)
27<BMI: (352)
del Valle EE, et Argentina 3b 7/9 817 BMI<24.9: (337) ND 459:358
al. 2010 [25] 25<BMI<29.9: (322)
30<BM!: (158)
Mosli HA, etal.  Saudi Arabia 2b 7/9 173 BMI<18: (5) 46.03£12.7 131:42
2012 [26] 18.5<BMI1<24.9: (30)
25<BMI<30: (64)
30<BM!: (24)
Al-Hayek S, etal. ~ The USA 3b 7/9 325 BMI<25: (88) 51.8+12.5 162:163
2013 [27] 25<BMI<30: (103)
30<BMI: (134)
Najeeb Q, et al. India 3b 7/9 100 BMI<25: (28) 38.49+13.72 70:30
2013 [28] 25<BMI<30: (38)
30<BM!: (34)
Galtik Yilmaz A, Turkey 2b 6/9 84 BMI<18: (52) ND 42:42
etal. 2015 [29] 18<BMI<25: (20)
25<BMI: (12)
Fram EB, et al. The USA 3b 7/9 382 BMI<25: (79) 46.4+15 224:382
2015 [30] 25<BMI<30: (140)
30<BM!: (163)
Shavit L, et al. The UK 3b 6/9 2132 BMI<25: (833) 46+15 1503:629
2014 [31] 25<BMI<30: (863)
30<BMI: (436)
Almannie RM, et Saudi Arabia 3b 7/9 433 BMI<18: (24) ND 316:117

al. 2019 [32]

18<BMI<25: (81)
25<BMI: (328)

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/m? 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 I? value. The p > 0.05 or
I? < 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/m? was
0.941 after summarizing the classifications of BMI
into two groups which were BMI < 25 and BMI >
25 kg/m?2. 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/m?
group compared to BMI < 25 kg/m?* group. The
volume of 24h-urine in BMI > 25 kg/m? group was
more than that in BMI < 25 kg/m? group. The pH
value of 24h-urine was lower in BMI > 25 kg/m?
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Figure 1 - A) Flow-chart of study selection. B) Funnel plot of uric acid.

A

3,449 articles identified in total

3,035 articles excluded based

on title or abstract

v
414 articles focusing on body size and
urinary stones

396 articles excluded:
264 no comparison of BMI
75 reviews

21 case only studies

12 cross-sectional studies
8 not relevant outcome

7 not relevant data

5 duplicates

4 comments

2 abstract publication

1 case report

\4

15 publications included

group compared to BMI < 25 kg/m? group. And all
the calcium, oxalate, urate and citrate excretion
in 24h-urine in BMI > 25 kg/m? group were more
than those in BMI < 25 kg/m? 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/m?
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/

B
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m? 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/m? group
compared to BMI<25 kg/m? 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/m? 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/m? group
and BMI<25 kg/m? group, RR=1.04, [95% CI] =
1.00, 1.08, p=0.06. Forest plots of groups and
subgroups are shown in Figure-3.
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Table 2 - Characteristics of serum and 24h-urine chemistries of the patients.

Number of

patients Heterogeneity Overall effect
Characteristics Studies
Bl\fl'\f;;?sg‘;;z) pvalie 12 (%) WMD (95% Cl) p value*
Calcium (mg/dL)  [20, 28] 503/301 0.95 0 -0.10 (-0.19, -0.01) 0.03
Serum
Urate (mg/dL)  [20,28,30]  582/604 0.02 75% -0.86 (-1.04, -0.68) <0.00001
Volume (mL)  [19,20,30]  1362/1069 0.4 0 -88.49(-148.02, -28.95) 0.004
pH [13'81 2’1]20’ 2180/2164  <0.00001  98% 0.13(0.09, 0.16) <0.00001
Ca'c'(‘:nm de:r)em” [20,30,31]  1387/1831 0.26 26%  -11.47(-19.97, -2.96) 0.008
24-urine 0 alatege cx;et'on
X g /é‘ay) " 120,30,31]  1387/1831 0.58 0 -1.62(-2.67, -0.57) 0.003
Ura(t;s;‘;;;;'on (14, ;1(]] 0 14931858 0006  76%  -88.23(-101.87,-7459)  <0.00001
C'"?iﬁg%‘;;‘;“” [20,30,31]  1387/1831 0.1 57%  -33.28(-52.16,-14.40)  0.00006
WMD: weighted mean difference, Cl: confidence interval
*p <0.05 was considered statistically significant and shown in bold.
Calcium phosphate Uric acid

There was no significant difference of
calcium phosphate formation between BMI > 25
kg/m? group and BMI<25 kg/m? 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/m? 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/m? group, RR=0.53, [95% CI]
= 0.41, 0.67, p <0.00001. In Europe subgroup,
those in BMI>25 kg/m? 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.

Those in BMI>25 kg/m? 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/m? group. (RR= 1.09,
[95% CI] = 0.85, 1.40, p =0.66). Forest plots are
shown in Figure-6A.
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Table 3 - Characteristics of size and composition of urinary stones in the patients.

Number of patients Heterogeneity Overall effect

ems s BM|<%§Q\;§12;\AIZZS pvalue  12(%) RR/WMD (95% Cl)  pvalue*
size of urolithiasis [14, 20, 26, 29] 618/406 0.64 0 -0.13(-0.98, 0.73) 0.77
calcium oxalate [12721282?502;]2 > 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§ 533225] 27, 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 [;59 2271 5: 3?3322‘; 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.

Figure 2 - Forest plots of size of urinary stones.

Normal weight

Aysun C altik Yilmaz 2015 13.7 10.2 72 13
Hisashi Takeuchi 2019 95 75 36 9.8
Hisham A. Mosli 2012 15.28 3.43 35 1485
Sang-Cheol Lee 2007 8.18 8.02 475 8.89

Total (95% CI) 618
Heterogeneity: Chi? = 1.67, df = 3 (P = 0.64); 1> = 0%
Test for overall effect: Z=0.29 (P = 0.77)

Overweight & obesity
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI

12 21%
27  55%
138 46.6%
229 45.9%

406 100.0%
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Figure 3 - Forest plots of calcium oxalate.

Normal weight

Study or Subgroup Events Total

12.1.1 Total

Alberto Trinchieri 2016
Elisa Elena del Valle 2010
Ethan B. Fram 2015
Linda Shavit 2014
Michel Daudon 2006(1)
Qazi Najeeb 2013

Raed M. Almannie 2019
Samih Al-Hayek 2013
Wesley O. Ekeruo 2004
Yii-Her Chou 2010
Subtotal (95% CI)

Total events

Overweight & obesity

Total Weight M-H, Fixed, 95% CI

Heterogeneity: Chi* = 243.51, df = 9 (P < 0.00001); I* = 96%
Test for overall effect: Z = 2.74 (P = 0.006)

12.1.2 Male

Elisa Elena del Valle 2010
Michel Daudon 2006(1)
Samih Al-Hayek 2013
Subtotal (95% CI)

Total events

Heterogeneity: Chi* = 1.53, df = 2 (P = 0.47); I? = 0%
Test for overall effect: Z = 2.30 (P = 0.02)

12.1.3 Female

Elisa Elena del Valle 2010
Michel Daudon 2006(1)
Samih Al-Hayek 2013
Subtotal (95% CI)

Total events

Heterogeneity: Chi* = 1.37, df = 2 (P = 0.50); I> = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

12.1.4 Asia

Qazi Najeeb 2013

Raed M. Aimannie 2019
Yii-Her Chou 2010
Subtotal (95% CI)
Total events

Heterogeneity: Chi* = 7.20, df =2 (P = 0.03); I? = 72%
Test for overall effect: Z = 2.59 (P = 0.009)

12.1.5 North America
Ethan B. Fram 2015
Samih Al-Hayek 2013
Wesley O. Ekeruo 2004
Subtotal (95% CI)
Total events

Heterogeneity: Chi? = 142.65, df = 2 (P < 0.00001); I = 99%
Test for overall effect: Z = 8.95 (P < 0.00001)

12.1.6 Europe

Alberto Trinchieri 2016
Linda Shavit 2014
Michel Daudon 2006(1)
Subtotal (95% CI)
Total events

Events
657 839 395 539
91 337 122 480
55 79 194 303
123 236 229 404
961 1259 489 672
18 28 37 72
49 105 178 328
23 88 55 237
156 881 97 140
58 251 216 656
4103 3831

2191 2012
42 50 93 116
721 884 375 486
13 36 31 126
970 728

776 499
49 57 29 40
240 375 114 186
10 52 24 111
484 337

299 167
18 28 37 72
49 105 178 328
58 251 216 656
384 1056

125 431
55 79 194 303
23 88 55 237
156 881 97 140
1048 680

234 346
657 839 395 539
123 236 229 404
961 1259 489 672
2334 1615

1741 1113

Heterogeneity: Chi? = 3.47, df =2 (P = 0.18); 12 = 42%
Test for overall effect: Z = 1.86 (P = 0.06)

25.4%
5.3%
4.2%
8.9%

33.7%
1.1%
4.6%
1.6%
8.8%
6.3%

100.0%

10.1%
87.4%
2.5%
100.0%

16.9%
75.5%
7.6%
100.0%

9.1%
38.1%
52.8%

100.0%

28.9%
10.7%
60.3%
100.0%

37.4%
13.1%
49.5%
100.0%
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Risk Ratio

Risk Ratio
M-H, Fixed, 95% CI

1.07 [1.00, 1.14]
1.06 [0.84, 1.34]
1.09 [0.92, 1.29]
0.92[0.79, 1.07]
1.05[0.99, 1.11]
1.25[0.88, 1.79]
0.86 [0.69, 1.08]
1.13[0.74,1.72]
0.26 [0.21, 0.31]
0.70 [0.55, 0.90]
0.95 [0.91, 0.98]

1.05[0.90, 1.22]
1.06 [1.00, 1.12]
1.47 [0.86, 2.50]
1.07 [1.01, 1.13]

1.19 [0.95, 1.47]
1.04 [0.91, 1.20]
0.89 [0.46, 1.72]
1.06 [0.94, 1.19]

1.25[0.88, 1.79]
0.86 [0.69, 1.08]
0.70 [0.55, 0.90]
0.81 [0.69, 0.95]

1.09 [0.92, 1.29]
1.13[0.74, 1.72)
0.26 [0.21, 0.31]
0.59 [0.53, 0.66]

1.07 [1.00, 1.14]
0.92[0.79, 1.07]
1.05[0.99, 1.11]
1.04 [1.00, 1.08]
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Normal weight Overweight & obesity
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Figure 4 - Forest plots of calcium phosphate.

Normal weight = Overweight & obesity Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% Cl
15.1.1 Total
Elisa Elena del Valle 2010 3 337 3 480  0.7% 1.42[0.29, 7.01]
Ethan B. Fram 2015 18 79 55 303 6.7% 1.26 [0.78, 2.01] I
Linda Shavit 2014 85 236 86 404 18.6% 1.69[1.31, 2.18] -
Michel Daudon 2006(1) 212 1259 81 672 30.9% 1.40[1.10, 1.77] -
Qazi Najeeb 2013 14 28 46 72 7.5% 0.78[0.52, 1.18] T
Raed M. Almannie 2019 0 105 1 328 0.2% 1.03 [0.04, 25.21]
Samih Al-Hayek 2013 6 88 13 237 21% 1.24 [0.49, 3.17] -1
Wesley O. Ekeruo 2004 77 881 47 140 23.7% 0.26 [0.19, 0.36] =
Yii-Her Chou 2010 30 251 59 656  9.6% 1.33[0.88, 2.01] I
Subtotal (95% CI) 3264 3292 100.0% 1.12[0.98, 1.26] *
Total events 445 391

Heterogeneity: Chi? = 99.27, df = 8 (P < 0.00001); I* = 92%
Test for overall effect: Z=1.71 (P = 0.09)

15.1.2 Male

Elisa Elena del Valle 2010 0 50 0 116 Not estimable

Michel Daudon 2006(1) 100 884 36 486 97.2% 1.53[1.06, 2.20] ‘.‘
Samih Al-Hayek 2013 1 36 3 126 2.8% 1.17[0.13, 10.88]

Subtotal (95% CI) 970 728 100.0% 1.52 [1.06, 2.17] A 4
Total events 101 39

Heterogeneity: Chi* = 0.05, df = 1 (P = 0.82); I?= 0%
Test for overall effect: Z = 2.27 (P = 0.02)

15.1.3 Female

Elisa Elena del Valle 2010 3 57 3 40 5.0% 0.70 [0.15, 3.30] - =
Michel Daudon 2006(1) 112 375 45 186 85.9% 1.23[0.92, 1.66]

Samih Al-Hayek 2013 5 52 10 111 9.1% 1.07 [0.38, 2.97]

Subtotal (95% CI) 484 337 100.0% 1.19 [0.90, 1.58]

Total events 120 58

Heterogeneity: Chi? = 0.55, df =2 (P = 0.76); 1= 0%
Test for overall effect: Z = 1.23 (P = 0.22)

15.1.4 Asia

Qazi Najeeb 2013 14 28 46 72 43.6% 0.78[0.52, 1.18] —
Raed M. Almannie 2019 0 105 1 328 1.2% 1.03 [0.04, 25.21]

Yii-Her Chou 2010 30 251 59 656 55.2% 1.33[0.88, 2.01] 1
Subtotal (95% Cl) 384 1056 100.0% 1.09 [0.81, 1.46] >
Total events 44 106

Heterogeneity: Chi? = 3.38, df =2 (P = 0.18); ?=41%
Test for overall effect: Z = 0.55 (P = 0.58)

15.1.5 North America

Ethan B. Fram 2015 18 79 55 303 20.5% 1.26 [0.78, 2.01] ™
Samih Al-Hayek 2013 6 88 13 237 6.3% 1.24[0.49, 3.17] - 1
Wesley O. Ekeruo 2004 77 881 47 140 73.1% 0.26 [0.19, 0.36] . 5

Subtotal (95% CI) 1048 680 100.0% 0.53 [0.41, 0.67] <&

Total events 101 115

Heterogeneity: Chi? = 35.40, df = 2 (P < 0.00001); I> = 94%
Test for overall effect: Z = 5.26 (P < 0.00001)

15.1.6 Europe

Linda Shavit 2014 85 236 86 404 37.5% 1.69[1.31, 2.18] -
Michel Daudon 2006(1) 212 1259 81 672 62.5% 1.40[1.10, 1.77] L 3
Subtotal (95% ClI) 1495 1076 100.0% 1.51[1.27, 1.80] L g
Total events 297 167

Heterogeneity: Chi? = 1.19, df = 1 (P = 0.28); I = 16%
Test for overall effect: Z = 4.60 (P < 0.00001)

005 02 1 5 20
Normal weight Overweight & obesity
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Figure 5 - Forest plots of uric acid.

Normal weight  Overweight & obesity Risk Ratio Risk Ratio

r I Even Total Even Total Weight M-H. Fix: % Cl M-H. Fix % Cl
18.1.1 Total
Alberto Trinchieri 2016 47 839 68 539 5.8% 0.44[0.31, 0.63]
Elisa Elena del Valle 2010 7 337 21 480 1.2% 0.47 [0.20, 1.10] - T
Ethan B. Fram 2015 3 79 33 303 0.9% 0.35[0.11, 1.11] - T
Linda Shavit 2014 10 236 70 404  3.6% 0.24 [0.13, 0.47] -
Michel Daudon 2006(1) 86 1259 102 672  9.2% 0.45[0.34, 0.59] -
Michel Daudon 2006(2) 1290 1416 830 1048 66.3% 1.15[1.11, 1.19] n
Qazi Najeeb 2013 4 28 34 72 1.3% 0.30[0.12, 0.77] -
Raed M. Aimannie 2019 3 105 28 328  0.9% 0.33[0.10, 1.08] i
Samih Al-Hayek 2013 6 88 33 237 1.2% 0.49[0.21, 1.13] B
Wesley O. Ekeruo 2004 11 881 63 140  7.6% 0.03[0.01, 0.05] ‘
Yii-Her Chou 2010 7 251 49 656 1.9% 0.37[0.17, 0.81]
Subtotal (95% CI) 5519 4879 100.0% 0.87 [0.83, 0.91] '
Total events 1474 1331

Heterogeneity: Chi? = 434.00, df = 10 (P < 0.00001); I = 98%
Test for overall effect: Z = 6.38 (P < 0.00001)

18.1.2 Male
Elisa Elena del Valle 2010 6 50 20 116 10.1%  0.70[0.30, 1.63] —T
Michel Daudon 2006(1) 63 884 75 486 81.0%  0.46[0.34, 0.63] -

Samih Al-Hayek 2013 3 36 24 126 89%  0.44[0.14,1.37] —_—T
Subtotal (95% CI) 970 728 100.0%  0.48 [0.36, 0.64] >

Total events 72 119

Heterogeneity: Chiz = 0.82, df = 2 (P = 0.66); I> = 0%
Test for overall effect: Z = 4.96 (P < 0.00001)

18.1.3 Female

Elisa Elena del Valle 2010 1 57 1 40  27%  0.70[0.05, 10.89] *

Michel Daudon 2006(1) 23 375 27 186 83.9%  0.42[0.25,0.72] —l—
Samih Al-Hayek 2013 3 52 9 11 133%  0.71[0.20, 2.52] =
Subtotal (95% Cl) 484 337 100.0%  0.47 [0.29, 0.76] -
Total events 27 37

Heterogeneity: Chi? = 0.65, df =2 (P = 0.72); 1= 0%
Test for overall effect: Z = 3.11 (P = 0.002)

18.1.4 Asia

Qazi Najeeb 2013 4 28 34 72 31.9% 0.30[0.12, 0.77] - &
Raed M. Aimannie 2019 3 105 28 328 22.7% 0.33[0.10, 1.08] - =T
Yii-Her Chou 2010 7 251 49 656 45.4% 0.37[0.17, 0.81] — &
Subtotal (95% Cl) 384 1056 100.0%  0.34[0.20, 0.58] .

Total events 14 111

Heterogeneity: Chiz = 0.12, df = 2 (P = 0.94); I?= 0%

Test for overall effect: Z = 3.94 (P < 0.0001)

18.1.5 North America

Ethan B. Fram 2015 3 79 33 303  9.7% 0.35[0.11, 1.11] - T
Samih Al-Hayek 2013 6 88 33 237 12.7% 0.49[0.21, 1.13] - I
Wesley O. Ekeruo 2004 11 881 63 140  77.5% 0.03[0.01,0.05] ¢

Subtotal (95% CI) 1048 680 100.0% 0.12[0.08, 0.17] -

Total events 20 129

Heterogeneity: Chi? = 35.80, df = 2 (P < 0.00001); I = 94%

Test for overall effect: Z = 11.28 (P < 0.00001)

18.1.6 Europe

Alberto Trinchieri 2016 47 839 68 539 6.8% 0.44 [0.31, 0.63] -
Linda Shavit 2014 10 236 70 404  4.2% 0.24[0.13, 0.47] -

Michel Daudon 2006(1) 86 1259 102 672  10.9% 0.45[0.34, 0.59] -
Michel Daudon 2006(2) 1290 1416 830 1048 78.1% 1.15[1.11,1.19] ||
Subtotal (95% CI) 3750 2663 100.0% 0.99 [0.95, 1.03] {
Total events 1433 1070

Heterogeneity: Chi? = 142.31, df = 3 (P < 0.00001); I> = 98%
Test for overall effect: Z = 0.58 (P = 0.56)

01 02 05 1 2 5 10
Normal weight Overweight & obesity
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Figure 6 — A) forest plots of carbapatite. B) forest plots of cystin

A

Normal weight

Overweight & obesity

Alberto Trinchieri 2016 48 839 539 40.6%

Raed M. Aimannie 2019 37 105 107 328 57.6% 1.08 [0.80, 1.46]
Samih Al-Hayek 2013 3 88 3 237 1.8%  2.69[0.55, 13.09]
Total (95% Cl) 1032 1104 100.0% 1.09 [0.85, 1.40]
Total events 88 140
Heterogeneity: Chi2 = 1.33, df = 2 (P = 0.52); I = 0% 0’ : 0=2 0*5 ’ 2 5 1‘0
Test for overall effect: Z = 0.66 (P = 0.51) ’ Normal w'eight Overweight & obesity
Normal weight  Overweight & obesity Risk Ratio Risk Ratio
udy © ubgroup en ota en otal Weigh A-H. Fixed, 95% ixed, 95%
Raed M. Almannie 2019 11 105 7 328 47.2%  4.91[1.95, 12.34] — &
Samih Al-Hayek 2013 1 88 7 237 52.8% 0.38 [0.05, 3.08] L
Total (95% Cl) 193 565 100.0% 2.52[1.20, 5.31] .
Total events 12 14
Heterogeneity: Chi? = 5.14, df = 1 (P = 0.02); 12 = 81% 9 ’05 0’2 ] 5 2’0
Test for overall effect: Z = 2.44 (P = 0.01) : Norr.nal weight Overweight & obesity
Normal weight  Overweight & obesity Risk Ratio Risk Ratio
Study or Subaroup Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed. 95% CI
23.1.1 Total
Alberto Trinchieri 2016 61 839 31 539  7.9% 1.26 [0.83, 1.92] T
Elisa Elena del Valle 2010 3 337 8 480 1.4% 0.53 [0.14, 2.00] —
Linda Shavit 2014 163 236 262 404  40.4% 1.07 [0.95, 1.19] =
Samih Al-Hayek 2013 45 88 105 237 11.9% 1.15[0.90, 1.48] ™
Yii-Her Chou 2010 156 251 332 656 38.4% 1.23[1.09, 1.39] bl
Subtotal (95% CI) 1751 2316 100.0% 1.15[1.06, 1.24] ¢
Total events 428 738
Heterogeneity: Chi? = 4.38, df =4 (P = 0.36); I = 9%
Test for overall effect: Z = 3.33 (P = 0.0009)
23.1.2 Male
Elisa Elena del Valle 2010 1 50 3 116 71% 0.77 [0.08, 7.26]
Samih Al-Hayek 2013 16 36 53 126 92.9% 1.06 [0.70, 1.61] 1
Subtotal (95% CI) 86 242 100.0% 1.04 [0.68, 1.57]
Total events 17 56
Heterogeneity: Chi? = 0.07, df =1 (P = 0.79); I?= 0%
Test for overall effect: Z=0.17 (P = 0.87)
23.1.3 Female
Elisa Elena del Valle 2010 2 57 5 40 15.0% 0.28 [0.06, 1.38] "
Samih Al-Hayek 2013 29 52 52 111 85.0% 1.19[0.87, 1.63] 1’
Subtotal (95% CI) 109 151 100.0% 1.05[0.77, 1.43]
Total events 31 57
Heterogeneity: Chi? = 3.25, df = 1 (P = 0.07); 1> = 69%
Test for overall effect: Z = 0.33 (P = 0.74)
0.05 0.2 1 5 20
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Risk Ratio

1.03 [0.66, 1.60]

. C) forest plots of mixed stones.

Risk Ratio
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Cystin

The results of meta-analysis of cystin
indicated a lower risk in BMI>25 kg/m? group
compared to BMI<25 kg/m? 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/
m? 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,
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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  pvalue 12 (%) RR/WMD (95% Cl) p value*
(kg/m?)
size of urinary 14, 20, 26] 546/394 0.45 0 -0.15(-1.01, 0.72) 0.74 /
stones
calcium oxalate [19, 21, 22, 24, 25, 3867/3427 <0.00001  97% 0.95(0.91, 0.99) 0.01 BMI >25
27, 28, 30, 32]
calcium [21, 22, 24, 25, 27, 3028/2888 <0.00001  91% 0.98(0.85, 1.14) 0.83 /
phosphate 28, 30, 32]
uric acid [19, 21, 22, 23, 24, 5283/4475 0.00001 98% 0.89(0.86, 0.93) <0.00001 BMI>25
25,27, 28, 30, 32]
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/m? 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 BMLI. 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.
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