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Abstract

Background: Kidney stone disease (KSD) is a common illness that causes an economic burden globally. It is easy for
patients to relapse once they have suffered from this disease. The reported recurrence rate of KSD ranged from 6.1%
to 66.9%. We performed this meta-analysis to identify various potential risk factors for the recurrence of KSD.

Methods: The PubMed, Embase and Web of Science databases were searched using suitable keywords from
inception to Mar 2022. A total of 2,663 records were collected initially. After screening the literature according to the
inclusion and exclusion criteria, 53 articles (40 retrospective studies; 13 prospective studies) including 488,130 patients
were enrolled. The study protocol was registered with PROSPERO (No. CRD42020171771).

Results: The pooled results indicated that 12 risk factors including younger age (n =18), higher BMI (n =16), fam-

ily history of kidney stones (n=12), personal history of kidney stones (n=11), hypertension (n=5), uric acid stone
(n=4), race of Caucasian (n=3), suspected kidney stone episode before the first confirmed stone episode (n=3), sur-
gery (n=3), any concurrent asymptomatic (nonobstructing) stone (n = 2), pelvic or lower pole kidney stone (n=2),
and 24 h urine test completion (n =2) were identified to be associated with KSD recurrence. In the subgroup analysis,
patients with higher BMI (OR = 1.062), personal history of nephrolithiasis (OR=1.402), or surgery (OR=3.178) had a
higher risk of radiographic KSD recurrence.

Conclusions: We identified 12 risk factors related to the recurrence of KSD. The results of this analysis could serve to
construct recurrence prediction models. It could also supply a basis for preventing the recurrence of KSD.
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Background

Kidney stone disease (KSD) is a common issue with
a high health care burden that affects the quality of life
among the global population. The incidence rate of neph-
rolithiasis increases annually, estimated to be 14% in Eng-
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recurrence rate of urinary calculi in patients with specific
stone mineral compositions and morphologies can even
be up to 82.4% [7].

The recurrence of KSD varies greatly among differ-
ent patients. Some patients have nephrolithiasis only
once, while others have frequent recurrences. Although
preventive measures such as diet and drugs have been
implemented and have achieved significant results, the
effectiveness of these interventions is still limited [8, 9].
Identifying risk factors for relapse of KSD can help cli-
nicians develop better preventive intervention plans for
patients.

Existing studies have only summarized limited risk
factors for KSD recurrence [10, 11]. Nevertheless, KSD
recurrence is likely associated with several different risk
factors. When multiple risk factors are present, system-
atic evaluation is positive for individualized treatment. In
addition, the relationships reported in the existing stud-
ies between some known risk factors and kidney stone
recurrence are inconsistent [12]. Thus, the aim of this
meta-analysis was to comprehensively explore various
potential risk factors for the recurrence of KSD.

Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) and Meta-analysis of
observational studies in epidemiology (MOOSE) guide-
lines were utilized when this meta-analysis was con-
ducted [13]. The PubMed, Embase and Web of Science
databases were searched to identify the studies that
determined the association between various risk factors
and recurrence of KSD. The keywords used were ‘Neph-
rolithiasis’ OR ‘Nephrolith’ OR ‘Kidney Calculus’ OR
‘Kidney Stones’ OR ‘Kidney Stone’ OR ‘Renal Calculi’ (all
fields) AND ‘Relapse’ OR ‘Relapses’ OR ‘Recurrences’ OR
‘Recrudescence’ OR ‘Recrudescences’ (all fields) AND
‘risk factor’ OR ‘association’ OR ‘relative risk’ OR ‘odds
ratio’ OR ‘Populations at Risk’ (all fields). The complete
Boolean formula regarding the keywords and search hits
is shown in Additional file 1: Table S1. Two investiga-
tors (KW and JG) independently performed the retrieval
on Mar 11, 2022. The references of the identified papers
were also screened to determine further potential stud-
ies. This study protocol was registered with PROSPERO
(No. CRD42020171771).

Selection criteria

Eligible studies were screened according to the follow-
ing criteria: (1) any prospective or retrospective study
reported the risk factors for recurrence of KSD; (2) suf-
ficient data to estimate the odds ratio (OR), relative risk
(RR), or hazard ratio (HR) and their 95% confidence
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intervals (Cls) reported according to the risk factors; and
(3) only complete or the latest studies were included in
several studies reported the same risk factors in the same
cohort. The recurrence of KSD was defined as the symp-
tomatic, radiographic appearance, or repeated inter-
ventions of stones. Reviews, case reports, nonhuman
trials, letters, conference abstracts and comments were
excluded. Cross-sectional studies were excluded. Studies
whose control groups contained healthy subjects or sam-
ple sizes were <40 or lacked key data were also excluded.
If only the Kaplan—Meier curves of risk factors for recur-
rence of KSD were available, we extracted the HR and
95% CI data. The titles and abstracts of all literature were
first independently screened by two authors. Further
evaluation was conducted by browsing the full texts. Any
disagreement was eventually resolved.

Data extraction and quality assessment

DMC and YHS independently extracted the data required
from all eligible studies. JW and DW assessed the quality
of each study according to the Newcastle—Ottawa Qual-
ity Assessment Scale (NOS) as described in our previous
work [14, 15]. Information on the first author’s surname,
publication year, population characteristics, sample size,
follow-up time, the recurrence rate of KSD, and risk fac-
tors for recurrence of KSD.

Statistical analysis

Any RR and HR with similar values were merged into
OR. Pooled ORs and their 95% Cls were used to describe
the relationship between various risk factors and recur-
rence of KSD. A minimum of 2 studies for a risk factor
were analyzed. Heterogeneity was assessed by Cochran’s
Q test and Higgins’' I-squared statistics. When I*>50%
and/or P<0.1, a random-effects model was used. Oth-
erwise, a fixed-effects model was applied. Publication
bias was detected with an asymmetrical funnel plot and
cross-checked by Begg’s and Egger’s tests. The trim-and-
fill method was used if publication bias existed. Subgroup
analysis was conducted based on the definition of radio-
graphic KSD relapse to reduce the impact of heterogene-
ity. All data were analyzed by STATA software version
12.0 (Stata Corporation, College Station, TX, USA).
P<0.05 was considered statistically significant.

Results

Study characteristics

First, a total of 2,663 records (PubMed: 1,561; Embase:
207; Web of Science: 940) were collected. A total of 399
articles were further evaluated carefully after dedupli-
cation and reviewing the title and abstracts. A total of
344 studies were further excluded, which lacked impor-
tant data. 2 cross-sectional studies were also excluded.
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Eventually, 53 articles, including 488,130 patients, were
enrolled in this analysis [6, 16—67] (Fig. 1). These patients
were from the USA (94.90%), Japan (2.80%), China
(0.57%), Italy (0.55%), Korea (0.52%), Egypt (0.16%),
Germany (0.13%), Israel (0.09%), Turkey (0.08%), Spain
(0.05%), Canada (0.04%), France (0.04%), Iceland (0.04%),
Belgium (0.02%), and Sweden (0.01%).

The characteristics of these enrolled studies are shown
in Table 1. Approximately 17.4% of patients enrolled
in this study experienced the recurrence of KSD. The
patients in four studies [26, 35, 42, 43] were from the
same research institutions. However, the collection time
and the risk factors they reported were not exactly the
same. Thus, these four studies were still included in this
meta-analysis. Additionally, two other researches [18,
28] may have the same cohort. After comparison, we
screened the possible duplicate data and retained which
item had more participants. There were 40 retrospective
studies and 13 prospective studies enrolled in our analy-
sis. Populations from Caucasian, Asian and mixed races
were reported in 20, 14, and 19 studies, respectively.

Quality assessment
All the studies included in this meta-analysis were
assessed according to the NOS. The average quality score
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of the studies was 7.8 (ranging from 5 to 9). All the stud-
ies including 48 high-quality and 5 moderate-quality
studies were performed using an improved methodology.
For further analysis, all the studies mentioned above were
enrolled.

Demographic risk factors

Eleven variables, including age [6, 16-18, 20-22, 25-27,
31, 32, 36, 41, 42, 47, 48, 50], body mass index (BMI) [6,
17, 18, 20-23, 25, 26, 29, 32, 35, 42, 45, 46, 51], sex [6,
16, 17, 20, 21, 23, 25-28, 31, 32, 35, 40-42, 45, 46, 48, 50,
59, 63, 66], race [18, 27, 41], pregnant or childbirth [25,
36], gout [16, 18, 40], diabetes [16, 18, 31, 40, 45], hyper-
tension [16, 18, 31, 40, 45], hyperlipidemia [31, 40, 45],
osteoporosis [16, 40], and urinary tract anomalies [59,
67] were available for data pooling (Table 2).

The pooling data suggested that the patients with older
age would have a lower risk for recurrence of KSD. Cau-
casian and the patients with higher BMI or hypertension
would have a higher risk for recurrence of KSD (Addi-
tional file 2: Figure S1). Meanwhile, sex, pregnant or
childbirth, gout, diabetes, hyperlipidemia, osteoporosis,
or urinary tract anomalies might not be the risk factors
for recurrence of KSD. No publication bias appeared.

Records identified through
database searching (n=2,663)

Repetitive records (n=629)

Vv

Records after duplicates
removed (n=2,034)

A4

759 no relationship, 507 review, 9
comment, 204 case report, 2

v
Full texts assessed for
eligibility (n=399)

> letter, 108 conference abstract
and 46 non-human studies were

A4
53 articles including 488,130
patients accepted for analysis

Fig. 1 Flow diagram of the study selection process

excluded
.| 344 studies lacked important
data were excluded, 2

cross-sectional studies
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Table 2 The pooled relationship between various risk factors and relapse of kidney stone disease

Risk factors No. of studies  No. of patients OR (95% Cl) Pvalue Model Heterogeneity

P(%) P

Demographic risk factors

Age 18 28315 0.980 (0.966-0.995) 0.009" Random 847 <0001°
BMI 16 22,087 1.045 (1.008-1.083) 0.016* Random 624 <0001°
Sex 23 41,466 1.046 (0.945-1.157) 0.388 Random 658 <0001°
Race 3 4,707 1.338(1.033-1.732) 0.027* Fixed 0.0 0.982
Pregnant or childbirth 2 3,609 0.896 (0.228-3.525) 0.875 Random 96.8 <0001°%
Gout 3 18,083 81(0.745-1.871) 0479 Random 794 0.008"
Diabetes 5 29,938 1.095 (O 959-1.251) 0.179 Random 563 0.058
Hypertension 5 29,938 6 (1.076-1.178) <0.001° Fixed 0.0 0.579
Hyperlipidemia 3 13,114 1.020 (0.670-1.553) 0925 Random 744 0.020*
Osteoporosis 2 16,113 1.140 (0.743-1.749) 0.550 Random 525 0.147
Urinary tract anomalies 2 178 1.098 (0.274-4.405) 0.895 Random 658 0.087
Kidney stone-related risk factors

Family history of kidney stones 12 11,912 94 (1.078-1.323) 0.001* Random 46.8 0.037*
Personal history of kidney stones 11 10,784 1.428 (1.230-1.658) <0.001° Random  52.1 0.022*
Any gross hematuria with first symptomatic stone 2 2,737 1.068 (0.893-1.276) 0473 Fixed 0.0 0.324
Suspected kidney stone episodea prior to first confirmed 3 6,101 1.815(1.559-2.114) <0.001° Fixed 0.0 0.802
stone episode

Any concurrent asymptomatic (nonobstructing) stone 2 2,737 1(1.464-1.999) <0.001° Fixed 2.0 0312
Uric acid stone 4 4,602 1.957 (1.414-2.707) <0.001° Fixed 40.0 0.172
Calcium oxalate monohydrate 2 3612 0.897 (0.785-1.025) 0.110 Fixed 0.0 0331
Calcium phosphate stone 2 1,865 1.271(0.592-2.731) 0.538 Fixed 372 0.207
Diameter of largest kidney stone 8 3,771 1.047 (0.995-1.101) 0076 Random 744 <0001°
Multiple calculi 4 1,760 1.338 (0.965-1.855) 0.080 Random 80.3 0.002*
Bilateral nephrolithiasis 2 27218 75 (0.860-5.500) 0.101 Random 822 0.018*
Pelvic or lower pole kidney stone 3 6,101 1.666 (1.264-2.195) <0001° Random 766 0.014*
Ureteral stone 2 1,387 0.888 (0.380-2.075) 0.785 Random  85.7 0.008*
Ureterovesical junction stone 3 6,101 0.845 (0.761-0.937) 0.001* Fixed 0.0 0439
Treatment method risk factors

Stone prevention medications 9 4316 0.752 (0.548-1.033) 0.078 Random 76.0 <0001°
Potassium citrate 4 2,992 0.732 (0.345-1.554) 0417 Random 87.7 <0001°%
Surgery 3 823 61 (1.557-2.998) <0.001° Fixed 0.0 0457
ESWI 4 1,495 1.756 (0.606-5.086) 0.299 Random 939 <0001°
24-h urine and serum tests related risk factors

Baseline urine volume 6 1,789 0.934 (0.756-1.154) 0.528 Random 64.0 0.016*
Baseline urine calcium 8 2,552 1.001 (0.997-1.005) 0.531 Random 559 0.026*
Baseline low urine citrate 7 2,371 1.000 (0.998-1.002) 0994 Random 556 0.035%
Baseline urine oxalate 7 2,371 0.999 (0.993-1.004) 0.675 Fixed 263 0.228
Baseline urine sodium 4 1,719 001 (0.999-1 2) 0.325 Fixed 0.0 0.563
Baseline urine uric acid 6 2,232 1.000 (0.999-1.001) 0.992 Random 51.1 0.069
Baseline urine magnesium 3 1,095 1.081(0.777-1.503) 0.645 Fixed 0.0 0.780
Baseline urine phosphate 2 422 0.978 (0.315-3.038) 0969 Random 894 0.002*
Baselin urine osmolality 2 855 1.257 (0.629-2.515) 0.517 Random 833 0.014*
CaOx SS (DG) 2 314 0.808 (0.611-1.068) 0.134  Fixed 0.0 0.972
Serum calcium 2 348 1.033 (0.787-1.356) 0.817 Fixed 0.0 0.790
GFR 3 1,094 1.017 (0.963-1.074) 0.539 Random 923 <0001°
24 h urine test completion 2 448,909 7(1.128-1.186) <0.001° Fixed 0.0 0519

BMI, body mass index; OR, odds ratio; Cl, confidence intervals; ESWI, extracorporeal shock wave lithotripsy; SS, supersaturation; DG, delta Gibb's free energy; GFR,
glomerular filtration rate
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Table 2 (continued)
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*P<0.05;*P<0.01;°P<0.001

Kidney stone-related risk factors

Fourteen variables including family history of nephrolith-
iasis [18, 22, 25, 27, 35, 37, 41, 42, 48, 50, 54, 59], personal
history of nephrolithiasis [18, 25, 27, 29, 38, 39, 41, 48,
51, 53, 55], any gross hematuria with first symptomatic
stone [27, 41], suspected nephrolithiasis episode a prior
to first confirmed stone episode [25, 27, 41], any concur-
rent asymptomatic (nonobstructing) stone [27, 41], uric
acid stone [20, 27, 41, 47], calcium oxalate monohydrate
stone [25, 47], calcium phosphate stone [20, 47], diameter
of largest nephrolithiasis [17, 21, 32, 38, 44, 53, 55], mul-
tiple stones [42, 48, 55, 59], bilateral nephrolithiasis [18,
47], pelvic or lower pole nephrolithiasis [25, 27, 41], ure-
teral stone [47, 55], and ureterovesical junction stone [25,
27, 41] were available for data pooling (Table 2). Personal
history of nephrolithiasis was defined as the nephrolithi-
asis history prior to the medical records investigated.

The pooling data suggested that the patients with fam-
ily history of nephrolithiasis, personal history of nephro-
lithiasis, suspected nephrolithiasis episode a prior to first
confirmed stone episode, any concurrent asymptomatic
(nonobstructing) stone, pelvic or lower pole nephrolithiasis,
or uric acid stone would have a higher risk for recurrence
of KSD (Additional file 2: Figure S2). Additionally, patients
with ureterovesical junction stone might have a lower risk
in KSD recurrence. Meanwhile, any gross hematuria with
first symptomatic stone, calcium oxalate monohydrate
stone, calcium phosphate stone, diameter of largest nephro-
lithiasis, multiple stones, bilateral nephrolithiasis or ureteral
stone might not be the risk factors for recurrence of KSD.

The P value of Egger’s test of the diameter of largest
nephrolithiasis was 0.01. After being adjusted with the
method of trim-and-fill, the pooled data was still not sta-
tistically significant (OR=1.024, 95% CI=0.963-1.089,
P=0.456). Thus, the pooled result for diameter of largest
nephrolithiasis was reliable. No publication bias appeared
in other analysis of risk factors.

Treatment method related risk factors

Three variables containing stone prevention medications
treatment, surgery treatment and extracorporeal shock
wave lithotripsy (ESWL) were available for data pooling
(Table 2).

Stone prevention medications

The pooling data from 7 articles [17, 20, 21, 40, 57,
62, 64] including 9 studies containing 4,316 patients
suggested that being treated with stone prevention

medications may not lower the risk of KSD recurrence
(’=76.0%, P<0.001; OR=0.752, 95% CI=0.548-
1.033, P=0.078) (Table 2). No publication bias
appeared.

Additionally, we pooled the data from 4 studies [20,
40, 62, 64] reporting the risk factor of potassium citrate.
The results showed that treatment with potassium citrate
may not lower the risk of KSD recurrence (2=87.7%,
P<0.001; OR=0.732, 95% CI=0.345-1.554, P=0.417)
(Table 2). The publication bias did not exist.

Surgery versus conservative treatment

The pooling data from 3 studies [17, 29, 60] contain-
ing 823 patients suggested that the patients need to be
treated with surgery would have a higher risk for recur-
rence of KSD (=0.0%, P=0.457; OR=2.161, 95%
CI=1.557-2.998, P<0.001) (Additional file 2: Figure
S3A). No publication bias appeared.

ESWL versus other treatment

The pooling data from 4 studies [33, 38, 52, 59] containing
1,495 patients suggested that being treated with ESWL may
not lower the risk of KSD recurrence (72=93.9%, P<0.001;
OR=1.756, 95% CI=0.606—5.086, P=0.299) (Table 2).
The P value of Egger’s test was 0.015. After being adjusted
with the trim-and-fill method, the pooled data was still not
statistically significant (OR=0.696, 95% CI=0.265-1.828,
P=0.462). Thus, the pooled result for ESWL was reliable.

24-h urine and serum tests related risk factors
Eleven variables of 24-h urine test including baseline
urine volume [26, 30, 42, 48, 50, 54], baseline urine cal-
cium [26, 30, 35, 42, 48—50, 54], baseline low urine cit-
rate [26, 30, 35, 42, 48-50], baseline urine oxalate [26,
30, 35, 42, 48—50], baseline urine sodium [26, 30, 35, 42],
baseline urine uric acid [26, 30, 35, 42, 48, 50], baseline
urine magnesium [26, 30, 42], baseline urine phosphate
[30, 48], baseline urine osmolality [26, 30], CaOx Super-
saturation (SS) delta Gibb’s free energy (DG) [30, 49],
and 24 h urine test completion [16, 19] were available
for data pooling. Besides, two variables, serum tests con-
taining serum calcium [30, 53] and glomerular filtration
rate (GFR) [26, 32, 42], were also obtained. Baseline urine
was defined as the urine collected when the patient saw a
doctor at the first time [54].

After pooling the data of the risk factors mention
above, 24 h urine test completion was suggested to be a
risk factor for recurrence of KSD (Additional file 2: Figure
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Study ID

Inactive Matrix-Gla-Protein[24]
P¥Iuria[56]

Chronic kidney disease[41

PTH level after parathyroidectomy[47]
Benign prostatic h‘yperplasia541]
Abdominal circumference[31
|mmobi|ization|[29]
Visceral fat volume ratio[31]

Patients compliance to diet regimen[33]
Erythrocyte transmembrane oxalate flux[67]
Medical comorbidity[35]

Stone analysis completion[35]
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Use of double J tube[41]

Medullary sponge kidney[55]
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CaOx VS CaP[57

Calcium oxalate ihydrate[481

Normal-calcium, low-protein, low-salt diet[62

Low animal protein,high fiber, high fluid diet[66]
Continue with sodium potassium citrate treatment[63]
Patients use medical prophylaxis[33]

Crystalluria index[55
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Follow-up urine volume[55]

Follow-up calcium excretion[55]

Follow-up calcium concentration[55]

Follow-up oxalate excretion[55]

Follow-up oxalate concentration[55]

Follow-up citrate excretion [55]

Follow-up citrate concentration[55]
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Serum uric acid[30]
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Calcium oxalate stone[20]
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Blood IL-2[32

Blood IL-6[32

Blood clusterin[32]
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Fig. 2 Forest plots of risk factors only reported in one study for KSD relapse respectively

S3B). Besides, none of them might be risk factors for KSD  Other risk factors

recurrence (Table 2). No publication bias appeared. There were 68 risk factors for recurrence of KSD only
reported in only one study. As a reference for future

research, we listed them in Fig. 2 to make them more
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Table 3 The pooled relationship between various risk factors and any radiographic relapse of kidney stone disease

Risk factors No. of studies No. of patients OR (95% ClI) P value Model Heterogeneity

P (%) P
Demographic risk factors
Age 6 5,020 0.996 (0.971- 022) 0.762 Random 79.5 <0.001°
BMI 9 15473 1.062 (1.015-1.111) 0009  Random 636 0.005*
Sex 12 16,245 1.128 (0.976-1.305) 0.104 Random 56.6 0.008"
Urinary tract anomalies 2 178 1.098 (0.274-4. 405) 0.895 Random 65.8 0.087
Kidney stone-related risk factors
Family history of kidney stones 6 1,692 1.089 (0.966-1.227) 0.162 Fixed 0.0 0.830
Personal history of kidney stones 5 2,506 1402 (1.239-1.587) <0001° Fixed 0.0 0426
Diameter of largest kidney stone 4 2,553 1.014 (0.999-1.029) 0.059 Fixed 385 0.181
Multiple calculi 4 1,760 1.338 (0.965-1.855) 0.080 Random 80.3 0.002*
Treatment method risk factors
Stone prevention medications 4 2,190 0.674 (0.421- 079) 0.100 Random 826 0.001#
Potassium citrate 3 1733 0.529 (0.221-1.255) 0.148 Random 884 <0001°
Surgery 2 159 3.178 (1.597— 6322) 0.001* Fixed 0.0 0.951
ESWI 3 1,120 1.825 (0.386-8.615) 0.448 Random 94.1 <0.001°
24-h urine and serum tests related risk factors
Baseline urine volume 6 1,789 0.934 (0.756-1.154) 0.528 Random 64.0 0.016%
Baseline urine calcium 7 2413 1.001 (1.000-1.002) 0.224 Fixed 284 0.209
Baseline low urine citrate 6 2,232 1.000 (1.000-1.000) 1.000 Fixed 0.0 0.826
Baseline urine oxalate 6 2,232 0.999 (0.993-1.004) 0.690 Fixed 327 0.190
Baseline urine sodium 4 1,719 1.001 (0.999-1.002) 0325 Fixed 0.0 0.563
Baseline urine uric acid 6 2,232 1.000 (0.999-1.001) 0.992 Fixed 514 0.069
Baseline urine magnesium 3 1,095 1.081 (0.777-1.503) 0.645 Fixed 0.0 0.780
Baseline urine phosphate 2 422 0.978 (0.315-3. 038) 0.969 Random 894 0.002#
Baselin urine osmolality 2 855 1.257 (0.629-2.515) 0517 Random 833 0.014*
Serum calcium 2 348 1.033 (0.787-1.356) 0.817 Fixed 0.0 0.790
GFR 2 1,022 1.505 (0.656-3 453) 0335 Random 959 <0.001°

BMI, body mass index; OR, odds ratio; Cl, confidence intervals; ESWI, extracorporeal shock wave lithotripsy; GFR, glomerular filtration rate

" P<0.05,*P<0.01,%P<0.001

intuitive. Follow-up urine was defined as the urine col-
lected during the follow-up [54].

Subgroup analysis

To reduce the impact of heterogeneity between the stud-
ies identified, 30 studies [20, 21, 26, 29, 30, 33-35, 38,
42, 43, 45, 46, 48, 50, 51, 53-56, 58—67] which reported
the definition of radiographic KSD relapse were further
analyzed (Table 3). The risk factors of higher BMI, per-
sonal history of nephrolithiasis, and surgery were still
significant.

Discussion

This study comprehensively and systematically ana-
lyzed the association between various risk factors and
the recurrence of KSD. We identified 12 risk factors
for predicting the recurrence of KSD. Personal history
of nephrolithiasis is vital for identifying the incidence

of recurrence. Approximately half of the patients with
asymptomatic nephrolithiasis will have symptoms
when stones pass during the first stone formation [57].
The 5-year recurrence rate of patients with first-time
symptomatic stones is approximately 20% [41]. This
rate increases with each additional KSD episode [25].

White race seem to be at a higher risk for KSD than
African Americans [68]. Interestingly, our results indi-
cated that Caucasians may undergo more recurrences
of KSD than other race patients. It is not exactly known
why KSD has a greater recurrence rate in Caucasian,
probably because of genetic factors [5]. Thus, clini-
cians need to take racial differences into account when
developing strategies for kidney stone prevention for
patients. Younger age may also reflect a genetic compo-
nent that leads to the early presentation of stones and
their recurrence [41].
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Family history is associated with a high incidence
of KSD, which may also be related to genetic factors.
A recent meta-analysis identified 20 nephrolithiasis-
associated loci, including CYP24A1, DGKD, DGKH,
WDR72, GPIC1, and BCR locus which were predicted
to affect vitamin D metabolism and calcium-sensing
receptor signaling respectively [69]. Patients with a per-
sonal history of KSD, whether symptomatic or asymp-
tomatic, also had an increased risk of recurrence. The
recurrence rate increases with each additional kidney
stone episode [70]. Furthermore, nonobstructing stones
are independent predictors for symptomatic recurrence
[41]. If these nonobstructing stones are not treated with
surgery, they can pass in the future, become obstructive
and then lead to recurrence of symptoms [71].

Obesity, diabetes, hypertension and hyperlipidemia
are commonly considered the main clinical characteris-
tics of metabolic syndrome [45]. Metabolic syndrome is
related to many kinds of chronic diseases. Epidemiolog-
ical survey points out that the prevalence of metabolic
syndrome is increasing which affects almost a quarter
of European population [72]. It is also considered to
elevate the rate of nephrolithiasis formation [73]. The
KSD patients with higher BMI are easier to experience
recurrence in our study as well. A meta-analysis con-
taining 13 cohort studies clarified that relative risk of
kidney stones for a 5-unit increment in BMI was 1.21
(1.12-1.30) [74]. In addition, hypertension was also
identified as a risk factor for KSD recurrence. This is an
important finding because the mechanism of hyperten-
sion promoting renal stone formation and recurrence
remains unclear. Only a few studies have examined
the underlying mechanisms between them. Liu et al,.
reported that changes in the blood pressure have a
direct consequence on the urinary microbiome and this
effect could promote the formation of KSD [75]. There-
fore, the control and monitoring of blood pressure is
necessary for prevention of KSD recurrence. This is
also an important finding of this meta-analysis.

Patients requiring surgery also have a higher risk of
KSD recurrence. Common surgical procedures for upper
urinary calculi are multitudinous. We believe that com-
pared with the patients receiving conservative treat-
ment, the patients accepting surgery have more complex
stone situations, including multiple stones or larger
diameter of stone [27]. Pelvic or lower pole stones may
contribute to the onset of symptoms in the future, as
they may be the stones that have previously detached or
formed from residual fragments after surgery [76]. Uric
acid stone accounts for about 8% of all stone types [77].
Symptomatic recurrence rate for uric acid at 10 years was
approximately 50% which is higher than calcium oxalate
and hydroxyapatite stones significantly [78]. These data
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suggested the importance of stone composition analysis
in first-time stone formers.

The American Urologic Association Guidelines and
European Association of Urology Guidelines stated that
24-h urine was important for high-risk stone formers [9,
79]. Low volume and high urine concentration are both
regarded as risk factors for the formation of nephro-
lithiasis [80]. Thus, higher fluid intake is recommended
in current guidelines, but 24-h urine indexes contribu-
tion to our analysis were too weak [9, 79]. Nevertheless,
patients who completed a 24-h urine test seemed to have
a relatively high KSD recurrence rate. One interpreta-
tion is that the patients with more significant KSD are
more likely to receive metabolic evaluation including
24-h urine [16]. Considering that the 24-h urine is only a
test method, the completion of this test itself should not
affect the recurrence of stones. Preventive interventions
based on 24-h urine test results do not appear to be work-
ing. Considering the evidence for empirical treatment
in reducing stone recurrence and the lack of evidence
for management based on 24-h urine test outcomes to
reduce stone recurrence, Samson et al. suggest that clini-
cians should consider what results are useful [19]. They
questioned whether those providers interpreted 24-h
urine test results or counseled patients effectively, or
whether patients followed the recommendations.

Potassium citrate is generally considered a relatively
safe and commonly used prophylactic for preventing
stone recurrence [81]. The treatment of potassium citrate
in this study did not seem to reduce the recurrence rate.
This This may be related to being affected by the result
from Liu et al. [40]. In their research, patients prescribed
potassium citrate increased risk of recurrence. They
thought that this result might be associated with con-
founding by indication.

To the knowledge of us, this is the largest and the most
comprehensive meta-analysis to explore the risk fac-
tors on KSD recurrence. We tried our best to systemati-
cally collect and evaluate high quality researches which
reported the risk factors for KSD recurrence. This is also
the first meta-analysis demonstrate that hypertension,
race, 24 h urine test completion, and ureterovesical junc-
tion stone are related to KSD recurrence. We are also the
first to comprehensively explore the risk factor for radio-
graphic KSD relapse.

There were still some limitations in this study. First,
the data of risk factors for recurrence of KSD used
in this analysis were reported directly in the articles
enrolled. Part of the data were extracted from KM
curves. Second, the follow-up times recorded in these
enrolled articles were different. Third, only the studies
reporting OR, HR or RR were enrolled. Finally, pub-
lication bias existed in two risk factors, which could
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influence our results. The study on this topic is cur-
rently very restricted. More well-designed studies
exploring the risk factors for relapse of KSD are still
required in the future.

Conclusion

12 risk factors including younger age, higher BMI, race
of Caucasian, family history of nephrolithiasis, personal
history of nephrolithiasis, suspected nephrolithiasis epi-
sode prior to first confirmed stone episode, any concur-
rent asymptomatic (nonobstructing) stone, hypertension,
uric acid stone, pelvic or lower pole nephrolithiasis, sur-
gery, and 24 h urine test completion were identified to be
associated with relapse of KSD. Additionally, the patients
with ureterovesical junction stone might have a lower
risk in the relapse of KSD. These results could serve as
the risk factors for constructing recurrence prediction
models. It also supplied a basis for preventing the recur-
rence of KSD. Although all conclusions were obtained
from results of this analysis directly, several risk factors
should be interpreted with caution. More well-designed
researches on this topic are needed.
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