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Urolithiasis and the Risk of ESRD
Ziad M. El-Zoghby,* John C. Lieske,*† Robert N. Foley,‡§ Eric J. Bergstralh, | Xujian Li,| L. Joseph Melton III,¶
Amy E. Krambeck,** and Andrew D. Rule*¶

Summary
Background and objectives The contribution of urolithiasis, if any, to the development of ESRD is unclear.
Design, setting, participants, & measurements All stone formers in Olmsted County, Minnesota, ﬁrst diagnosed
between 1984 and 2008 were identiﬁed by diagnostic codes with up to four controls matched on age and sex.
Charts were reviewed to validate symptomatic stone formers in a random subset. Incident ESRD events were
identiﬁed by the US Renal Data System.
Results Altogether, 51 stone formers and 75 controls developed ESRD among 6926 stone formers and 24,620
matched controls followed for a mean of 9 years. Stone formers had an increased risk of ESRD after adjusting for
diabetes, hypertension, dyslipidemia, gout, and CKD (hazard ratio: 2.09; 95% conﬁdence interval: 1.45–3.01).
This increased risk of ESRD remained in the subset of 2457 validated symptomatic stone formers (hazard ratio:
1.95; 95% conﬁdence interval: 1.09–3.49). The attributable risk of ESRD from symptomatic urolithiasis was 5.1%
based on a prevalence of 5.4% for stone formers. For stone formers versus controls who developed ESRD, there
was an increased likelihood of past hydronephrosis (44% versus 4%), recurrent urinary tract infections (26%
versus 4%), acquired single kidney (15% versus 3%), neurogenic bladder (12% versus 1%), and ileal conduit (9%
versus 0%), but not diabetes (32% versus 49%) or hypertension (44% versus 52%).
Conclusions Symptomatic stone formers are at increased risk for ESRD independent of several cardiovascular
risk factors. Other urological disease is relatively common among stone formers who develop ESRD.
Clin J Am Soc Nephrol 7: 1409–1415, 2012. doi: 10.2215/CJN.03210312

Introduction
Symptomatic urolithiasis is commonly encountered in
clinical practice and occasionally causes AKI secondary to urinary tract obstruction. Several populationbased studies have also shown an increased risk of
CKD among stone formers (1–4). This association
with CKD may have been biased by inadequate validation of stone formers or by differential evaluation
and follow-up for CKD between stone formers and
controls (5). ESRD represents signiﬁcant clinical morbidity that is less prone to detection bias than earlier
stages of CKD. The risk of ESRD in stone formers is
less clear (1,6–8), but urolithiasis is not usually considered to be an important contributor to the burden of
ESRD in the population. Among patients on hemodialysis, ESRD attributed to urolithiasis occurs in only
2%–3% (9,10) and the US Renal Data System (USRDS)
reports urolithiasis as the primary cause of ESRD in
only 0.2% of cases (11). Prior studies assessing the
risk of ESRD in stone formers lack adequate validation.
In particular, patients who develop ESRD may be more
likely to be miscoded with urolithiasis or undergo kidney imaging that detects asymptomatic stones (present
in 10% of potential kidney donors by computed tomography) (12). We previously reported that there was no
statistically signiﬁcant increased risk of ESRD in stone
formers (1); however, on subsequent chart review, we
www.cjasn.org Vol 7 September, 2012

found that the clinical databases used to detect ESRD
were not very accurate and ESRD events outside of
Olmsted County were missed. To address these concerns, we performed a population-based cohort study
to assess the risk of ESRD in stone formers with up to
25 years of follow-up. We manually reviewed charts
to validate symptomatic stone formers and used the
USRDS database to identify ESRD endpoints. The risk
of ESRD in stone formers independent of several
cardiovascular risk factors was assessed. To gain insight into potential disease pathways, comorbidities
were also compared between stone formers and
controls who developed ESRD. Finally, we estimated
attributable risk (AR) in order to quantify the relevance of urolithiasis to the burden of ESRD in the
population.

Materials and Methods
Study Population
Population-based research is feasible in Olmsted
County because medical care is largely self-contained
within the community. Over 95% of the population
has at least one clinic visit with a local health care
provider every 2–3 years, allowing essentially complete enumeration of the local population (13). The
residency status of each person ever seen by an
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Olmsted County provider since 1966 was compiled by the
Rochester Epidemiology Project to provide a sampling
framework for the entire county population (14). Moreover, diagnostic codes (coded from the ﬁnal diagnoses in
clinical notes) dating back to 1935 are indexed and linked
among virtually all Olmsted County providers through
the Rochester Epidemiology Project (13). All residents
with their ﬁrst documented kidney or bladder stone in
Olmsted County between 1984 and 2008 were identiﬁed
using International Classiﬁcation of Diseases, Ninth Revision (ICD-9) codes 592, 594, and 274.11. Up to four controls
with no prior history of stones according to these codes
were selected for each stone former from among all Olmsted County residents. Controls were matched on index
date (ﬁrst coded stone episode for stone formers and
county residency on that same date for controls) 6 1
year, age (at index date) 6 1 year, and sex. Controls
who developed a stone after their index date were censored at that point and subsequently included in the incident stone former cohort with their own matched
controls.
Validation of Outcome and Exposure
ESRD events were identiﬁed by matching the historical
cohort of Olmsted County stone formers and controls with
the USRDS database (11). Charts were manually reviewed
to validate the ESRD events in all stone formers and controls, to determine the perceived primary cause of ESRD,
and to identify cardiovascular and urological comorbidities present before the development of ESRD. If the primary cause of ESRD could not be determined from chart
review, the primary cause listed in the USRDS database
based on the ESRD medical evidence form (Centers for
Medicare and Medicaid Services Form 2728) was used. A
random subset of stone former charts from 1984 to 2003
was manually reviewed (budgetary constraints limited
the number of charts that could be reviewed and an early
subset was chosen to maximize follow-up time for ESRD
events). This manual review excluded anyone who was
miscoded or misdiagnosed for urolithiasis or had only
incidentally discovered asymptomatic radiographic
stones. Stone formers were considered validated if they
had characteristic symptoms (abdominal pain and/or
gross hematuria) that were attributed by physicians at
the end of the episode of care as being due to kidney,
ureter, or bladder stones. Radiographic conﬁrmation
was not required because imaging studies were not always performed.
Comorbidities
Comorbidities known to be associated with urolithiasis
and ESRD were identiﬁed from ICD-9 codes, including
hypertension, diabetes mellitus, obesity, dyslipidemia,
gout, and CKD (see Appendix for codes). Comorbidities
were considered prevalent (baseline) if they occurred before the index date.
Statistical Analyses
Persons with prevalent ESRD (before the index date)
were excluded from all analyses. Follow-up was terminated
at the earliest occurrence of ESRD, last clinic visit, death, or

December 31, 2008. To conﬁrm the robustness of our conclusions, analyses were performed using four groups of
stone formers (group 1: all coded stone formers from 1984 to
2008; group 2: the subset from 1984 to 2003; group 3: a
random subset of group 2 from 1984 to 2003 whose charts
were reviewed; and group 4: the subset of group 3 who
were validated as symptomatic stone formers). Each subset was compared with its respective controls. The association of urolithiasis with ESRD was assessed using hazard
ratios (HRs) from a stratiﬁed (to account for matching) Cox
proportional hazards models with and without adjustments for baseline comorbidities. Separate analyses excluded persons with baseline CKD (by diagnostic codes).
Additional models assessed for statistical interactions
between stones and each comorbidity, as well as demographic variables, and calendar year on the risk of ESRD.
The cumulative incidence of ESRD was estimated using
Kaplan–Meier plots, censoring deaths without prior ESRD.
Rates of ESRD, using mortality as a competing risk, were
lower by only 0.1% at 15 years in both stone formers and
controls.
To calculate the 15-year AR of ESRD from urolithiasis,
we ﬁrst calculated the point prevalence of urolithiasis by
identifying all Olmsted County residents as of January 1,
2009, who had a prior diagnostic code for urolithiasis and
estimated the validated symptomatic fraction. AR was then
calculated as follows: AR = Prevalencestones 3 (RR 2 1)/[1
+ Prevalencestones 3 (RR 2 1)], where relative risk (RR)
was the 15-year relative cumulative incidence of ESRD in
stone formers compared with controls (15). All analyses
used SAS v9.1 software (SAS Institute, Cary, NC).

Results
Characteristics of the Cohort
Altogether, 6926 stone formers and 24,620 matched
controls were identiﬁed from the Olmsted County population between 1984 and 2008. As a consequence of the
matching, stone formers and controls had the same mean
age (45 years) and sex distribution (58% men). Duration of
medical record documentation before the index date
(mean 22.4 versus 23.1 years) and length of follow-up
from index date to ESRD, last clinic visit, or death (mean
7.8 versus 7.9 years) were also similar. Consistent with the
racial composition of the county, 93% of stone formers and
92% of controls were white. The prevalence of baseline
comorbidities was higher in the stone formers than the
controls (Table 1). There were 4910 stone formers identiﬁed between 1984 and 2003, 2995 stone formers in the
random subset that was chart-reviewed, and 2457 validated symptomatic stone formers. The 538 stone formers
who were excluded during chart validation were either
miscoded (n=215), had asymptomatic stones only
(n=253), were not county residents (n=22), or lacked an
authorization to review their medical records for research
(n=48).
Risk of ESRD
Altogether, the USRDS database showed that 68 (1.0%)
stone formers and 122 (0.5%) controls had ESRD. There were
51 stone formers and 75 controls who developed ESRD after
the index date (17 stone formers and 47 controls with ESRD
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Table 1. Baseline comorbidities in stone formers identified by ICD-9 codes from 1984 to 2008 (group 1) and control participants in
Olmsted County, Minnesota

Comorbidity

Stone Formers (n=6926), n (%)

Controls (n=24,620), n (%)

P

CKD
Hypertension
Diabetes mellitus
Obesity
Dyslipidemia
Gout

383 (5.5)
1501 (21.7)
766 (11.1)
1655 (23.9)
1647 (23.8)
219 (3.2)

811 (3.3)
4848 (19.7)
2048 (8.3)
5044 (20.5)
5389 (21.9)
648 (2.6)

,0.001
,0.001
,0.001
,0.001
,0.001
0.02

ICD-9, International Classiﬁcation of Diseases, Ninth Revision.

before the index date were excluded). Through December
31, 2008, there were 709 controls who later became stone
formers; one developed ESRD during follow-up as a control
and four developed ESRD during follow-up as a stone
former. Table 2 summarizes the risk of ESRD in stone formers in the full sample and within each of the subgroups
analyzed separately. Using diagnostic codes to identify
stone formers in the years 1984–2008, the ESRD HR among
stone formers was 2.36 (95% conﬁdence interval: 1.65–3.37).
After chart validation, the risk of ESRD remained statistically
signiﬁcant (HR: 1.98; 95% conﬁdence interval: 1.13–3.45), although slightly attenuated. Figure 1 shows the cumulative
incidence of ESRD in stone formers compared with controls
for analysis groups 2 and 4.
Table 3 shows that the risk of ESRD in stone formers
remained even after adjustment for comorbidities. Moreover, excluding persons with baseline CKD did not substantially change the magnitude of ESRD risk, although it
was of borderline statistical signiﬁcance in the validated
symptomatic stone former subgroup (P=0.06). There was
no detectable interaction between the risk of ESRD with
urolithiasis and age, sex, or any comorbidity in the full
cohort or the validated subset (P$0.18 for each interaction). There was also no evident interaction between the
risk of ESRD with urolithiasis and calendar year (P=0.81
for validated subset).

Characteristics of ESRD in Stone Formers
On manual chart review, 34 of the 51 stone formers with
incident ESRD were valid symptomatic stone formers,
whereas all of the 75 controls with incident ESRD had no
prior evidence of symptomatic stone disease. Therefore,
diagnostic codes had a high negative predictive value for
validated symptomatic stone diseases. As shown in Table
4, symptomatic stone formers were more likely than controls to have other urological disease identiﬁed as the primary cause of ESRD, and they were more likely to have
urological comorbidities (recurrent urinary tract infections,
acquired single kidney, ileal conduit, neurogenic bladder,
and hydronephrosis). Ileal conduit was the only form of
bladder replacement surgery performed among cohort patients with ESRD. Of the 34 stone formers who developed
ESRD, 4 had bladder stones and 4 had an episode of AKI
attributed to urolithiasis. The stone composition was unknown in 17, uric acid in 9, calcium oxalate in 6, calcium

phosphate in 4, and struvite in 1; none had a diagnosed
rare hereditary stone disease (e.g., cystinuria, primary hyperoxaluria, dihydroxyadeninuria, or Dent disease).
Attributable Risk of ESRD
The prevalence of stone formers by diagnostic code was
6.4% among a random 2% sample of the Olmsted County
population on January 1, 2009 (n=2848; mean age 37 years).
Taking into account the estimated 16% that are miscoded/
misdiagnosed or asymptomatic based on this study, the
prevalence of validated symptomatic stone formers was
estimated at 5.4%. In addition, from the present analysis,
the risk ratio of ESRD was 2.0 using the 15-year cumulative incidence of ESRD of 1.2% in stone formers and 0.6%
in controls. Using these estimates, the calculated attributable risk of ESRD from symptomatic stone disease was
calculated at 5.1% in the overall Olmsted County population.

Discussion
In this population-based cohort study, stone formers
identiﬁed by ICD-9 codes were at 2.4-fold higher risk of
developing ESRD. However, using diagnostic codes alone
led to a differential bias, because 33% of coded stone
formers who developed ESRD were miscoded or asymptomatic, whereas only 16% of those who did not develop
ESRD were miscoded or asymptomatic. It is possible that
this bias occurred because ESRD patients had other
diseases initially miscoded for urolithiasis that contributed
to ESRD (e.g., renal cell cancer). Furthermore, renal imaging is routinely performed in patients with CKD, and this
would increase the detection of asymptomatic stones. To
address these concerns, we manually validated charts to
exclude the subset of stone formers who were miscoded
or asymptomatic. Although this attenuated the risk, the
two-fold higher risk of ESRD in validated symptomatic
stone formers remained statistically signiﬁcant and was
independent of baseline cardiovascular risk factors and
CKD. Stone formers who developed ESRD were more
likely to have other urological diseases than controls
who developed ESRD, but they were not more likely to
have diabetes or hypertension. To the extent that the 5.1%
AR for ESRD is causal, stone formers represent a small but
relevant contributor to the overall burden of ESRD in the
population.
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Table 2. Risk of ESRD among stone formers compared with control participants in Olmsted County, Minnesota, by stone former group

Group of Stone
Formers Identiﬁed
Group 1: ICD-9
codes (1984–2008)
Group 2: ICD-9
codes (1984–2003)
Group 3: Random subset
of group 2 that
underwent chart review
Group 4: Those in group 3
with a validated
symptomatic stone

Number of Stone
Formers (Events)

Number of
Controls (Events)

HR (95% CI)

Cumulative 15-Yr
Incidence of ESRD (%)
Stone Formers

Controls

6911 (51)

24,577 (75)

2.36 (1.65, 3.37)

1.3

0.7

4899 (46)

17,465 (66)

2.42 (1.66, 3.53)

1.3

0.6

2985 (29)

10, 627 (42)

2.35 (1.46, 3.78)

1.4

0.7

2453 (20)

8711 (33)

1.98 (1.13, 3.45)

1.2

0.6

Table excludes participants with prevalent ESRD. HR, hazard ratio; 95% CI, 95% conﬁdence interval; ICD-9, International Classiﬁcation of Diseases, Ninth Revision.

Other studies have suggested an increased risk of ESRD
among stone formers. A case-control study in African
Americans established a prevalence of urolithiasis among
ESRD patients that is much higher than among the general
population (8% versus 3%) (8). Among primary care patients with up to 7 years of follow-up, a history of urolithiasis was an independent predictor of ESRD in women
(HR: 2.07) but not in men (HR not reported) (7). In an
integrated health care delivery system with 25-years of
follow-up, a history of kidney or bladder stones predicted
ESRD (HR: 1.91), but not after multivariable adjustment
that included serum creatinine and dipstick proteinuria
(6). For the purposes of assessing the risk of ESRD, adjusting for baseline CKD may be an overadjustment, particularly among stone formers with past stone events that
preceded the onset of CKD. The reported prevalence of
stone formers in these two cohorts was relatively low at
0.7% (7) and 2.5% (6), but these studies may have not detected all the stone formers. A survey of the US population
(National Health and Nutrition Examination Survey 2007–
2010, aged $20 years) reported a urolithiasis prevalence
estimate of 8.8% (7.7% for symptomatic only) (16). When
restricting our sample of the US population to ages $20
years, we found a similar code-based prevalence of urolithiasis of 8.6% (7.2% after excluding miscoded/misdiagnosed
or asymptomatic only).
Urolithiasis is the reported primary cause of ESRD for
only 0.2% of incident ESRD patients in the USRDS (11), but
ESRD is often not due to a single cause. The AR of ESRD
from urolithiasis (5.1%) may be 20-fold higher because the
primary cause of ESRD is multifactorial and the contribution from urolithiasis may not be easily determined or accurately documented. It is difﬁcult to determine the
primary cause when stones occur in other urological diseases that lead to ESRD (in particular, recurrent urinary
tract infections, ileal conduit, and neurogenic bladder).
Among patients starting renal replacement therapy, other
more active comorbidities (such as hypertension) may be
perceived to be the primary cause of ESRD. The large decrease in urine calcium with more advanced CKD (17)

leads to decreased stone growth and passage and this
may further contribute to under-recognition of urolithiasis
as a primary cause of ESRD.
The mechanisms by which urolithiasis might lead to
ESRD are not clear. In this study, urological comorbidities
were more common among stone formers than among
controls who developed ESRD. Recurrent urinary tract
infections, acquired single kidney, ileal conduit, neurogenic
bladder, and hydronephrosis are plausible contributors to
ESRD. Urolithiasis, particularly struvite stones, can be a
nidus for recurrent urinary tract infections leading to
chronic tubulointerstitial disease (18). In urology referral
practices, approximately 40% of stone formers who develop ESRD have a solitary functioning kidney, most commonly from a staghorn or high stone burden, infection, or
ureteral obstruction (10,19). An ileal conduit diversion
after a radical cystectomy can lead to urolithiasis, urinary
tract infections, and reduced kidney function (20). A neurogenic bladder can lead to vesicoureteral reﬂux, recurrent
urinary tract infections, urolithiasis, and CKD (21). Hydronephrosis from an obstructing stone can cause ischemic
injury to the kidney, some of which may be irreversible
(5,22). Secular trends in the case mix of ESRD patients have
suggested a decrease in stone-related ESRD over time, possibly due to less invasive urological therapies (10). However,
that prior report was not based on ESRD incidence rates,
and we found no evidence of an interaction between calendar year and risk of ESRD in stone formers in this study.
Nevertheless, the effect of urological therapies on risk of
ESRD in stone formers merits further investigation.
One might hypothesize that an increased prevalence of
cardiovascular risk factors such as hypertension could
explain the increased risk of ESRD among stone formers.
Although we found that diabetes, obesity, hypertension,
dyslipidemia, and gout were more prevalent among stone
formers, adjustment for these cardiovascular risk factors
did not substantively affect the risk of ESRD. Furthermore,
among stone formers who developed ESRD, diabetes and
hypertension trended toward being less common comorbidities than among controls who developed ESRD. Still,
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Figure 1. | Risk of ESRD is in stone formers versus matched controls. Cumulative incidence (Kaplan–Meier method) of ESRD is significantly
higher among the ICD-9–coded stone formers versus matched controls in (A) analysis group 2 (P=0.001), and also among the validated
symptomatic stone formers versus matched controls who comprised (B) group 4 (P=0.01) in Olmsted County, Minnesota, from 1984 to 2003.
ICD-9, International Classification of Diseases, Ninth Revision.

diabetes and hypertension may be the most potent predictors of ESRD among stone formers as they are in the
general population (23). Our data only suggest that the
contribution of urolithiasis to ESRD risk is not via these
cardiovascular risk factors.
There are several strengths of this population-based
cohort study that used matched controls and up to 25 years of
follow-up. By virtue of our access to complete community
medical records, we found evidence that a code-based

identiﬁcation of stone formers (groups 1, 2, and 3) inﬂated
the risk of ESRD. By using the subset of validated symptomatic stone formers (group 4), we avoided this source of
bias in our risk estimates of ESRD. There were also limitations
to this study. Anyone who declined therapy for kidney
failure would not have been detected by the USRDS as
having ESRD. We had limited statistical power, particularly
in the validated symptomatic stone formers. This limited the
number of comorbidities we chose (a priori) for the adjusted
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Table 3. Risk of ESRD among stone formers compared with control participants in Olmsted County, Minnesota, adjusting for
comorbidity status

Hazard Ratio (95% Conﬁdence Interval)
Adjusting Factor

Coded Stone Formers
(Group 1)

Random Subset of Validated
Symptomatic Stone Formers (Group 4)

None
Diabetes
Obesity
Hypertension
Dyslipidemia
Gout
CKD
Diabetes, obesity, hypertension,
dyslipidemia, gout, and CKD
Excluding persons with
baseline CKD

2.36 (1.65, 3.37)
2.24 (1.57, 3.20)
2.30 (1.61, 3.29)
2.38 (1.67, 3.40)
2.36 (1.65, 3.37)
2.31 (1.62, 3.31)
2.07 (1.44, 2.98)
2.09 (1.45, 3.01)

1.98 (1.13, 3.45)
1.91 (1.09, 3.35)
1.96 (1.12, 3.42)
2.09 (1.19, 3.65)
1.99 (1.14, 3.47)
1.95 (1.12, 3.41)
1.76 (0.99, 3.11)
1.95 (1.09, 3.49)

2.25 (1.42, 3.56)

1.96 (0.98 3.90)

Table 4. Characteristics of incident ESRD among validated symptomatic stone formers compared with ESRD among control
participants in Olmsted County, Minnesota

Characteristic
Primary cause of ESRD
diabetes mellitus
hypertension
GN
cystic kidney disease
urolithiasis
other urologic disease
other known cause
unknown cause
Comorbidities present before
onset of ESRD
diabetes mellitus
hypertension
recurrent urinary tract infections
acquired single kidney
ileal conduit
neurogenic bladder
hydronephrosis

P Value
(Fisher’s
Exact Test)

Stone Formers Who Developed
ESRD (n=34), n (%)

Controls Who Developed
ESRD (n=75), n (%)

6 (18)
6 (18)
4 (12)
2 (6)
4 (12)
6 (18)
4 (12)
2 (6)

22 (29)
13 (17)
10 (13)
3 (4)
0 (0)
3 (4)
19 (25)
5 (7)

0.24
1.0
1.0
0.64
0.008
0.03
0.13
1.0

11 (32)
15 (44)
9 (26)
5 (15)
3 (9)
4 (12)
15 (44)

37 (49)
39 (52)
3 (4)
2 (3)
0 (0)
1 (1)
3 (4)

0.14
0.54
0.001
0.03
0.03
0.03
,0.001

analyses and prevented further subgroup analysis (e.g.,
comparing stone formers identiﬁed by imaging versus
symptoms alone). Other urological diseases as determined by manual chart review were available in the
small subset of participants who developed ESRD, but
not in the remaining participants who did not develop
ESRD; therefore, we cannot currently accurately
calculate a HR for ESRD after removing those with recurrent urinary tract infections, acquired single kidney,
neurogenic bladders, or ileal conduits. The ﬁndings are
most generalizable to white populations similar to the
Olmsted County population (14). The AR of ESRD from
urolithiasis may differ in nonwhite populations in which stone
formers are less common. Finally, in the multivariable analysis,
we used diagnostic codes that lacked chart validation for comorbidities.

Although numerous studies have related urolithiasis to
CKD, there have been signiﬁcant limitations to prior reports.
CKD is largely an asymptomatic condition and the clinical
evaluation of symptomatic urolithiasis can lead to detection
of previously unrecognized of CKD. Conversely the imaging
evaluation of CKD can lead detection of previously unrecognized asymptomatic urolithiasis. To address these
concerns, we used validated symptomatic stone formers
based on chart review and the “hard” endpoint of ESRD.
We found evidence that symptomatic stone formers are at
increased risk for ESRD independent of hypertension, diabetes, obesity, dyslipidemia, and gout. Other urological
diseases are relatively common in stone formers who develop ESRD. Further studies are needed to understand
the interaction between urological disease and the increased risk of ESRD in stone formers.
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Appendix
Clinical Diagnosis
CKD
Hypertension
Diabetes mellitus
Obesity
Dyslipidemia
Gout
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8.

ICD-9 Codes
250.4, 274.10, 274.19, 403, 582, 583,
585, 587, 791.0
401
250, 357.2, 362.01, 362.02, 366.41,
648.8, 790.2
278.0, 278.1, 278.8
272.0, 272.1, 272.2, 272.3, 272.4
274.0, 274.81, 274.82, 274.89, 274.9
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