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Abstract

Background: Using a nationwide population-based dataset and
case-control study design, we investigate the association between
urinary calculi (UC) and kidney cancer (KC) in Taiwan.
Methods: The data for this case-control study were sourced from
the Taiwan National Health Insurance program. The cases included
1308 incident patients pathologically diagnosed with KC. This study
also used 6540 randomly selected subjects as controls. Conditional
logistic regression was used to examine the associations between
KC and patients previously diagnosed with UC.

Results: Of the sampled patients, 1262 (16.1 %) had previously
been diagnosed with UC; 415 (31.7 % of the patients with KC) and
847 controls (13.0 % of patients without KC). After adjusting for
monthly income, geographic location, urbanization level, hyper-
tension, diabetes, renal disease, obesity, cystic kidney disease,
tobacco use disorder, and alcohol abuse, we found that patients
with KC were likely to have been previously diagnosed with UC
than controls (odds ratio [OR] 3.18, 95% confidence interval [Cl]
2.75-3.68, p < 0.001). In addition, the magnitude of the observed
associations were stronger among females (females OR 3.59; 95%
Cl 2.87-4.48 vs. males OR 2.93, 95% Cl 2.42-3.55) and transitional
cell carcinoma patients (transitional cell carcinoma, OR 3.96; 95%
Cl3.23-4.86 vs. renal cell carcinoma OR 2.76, 95% Cl 2.31-3.29).
Conclusions: We conclude that there is an association between KC
and prior UC, especially in females and patients with transitional
cell carcinoma.

Introduction

Urinary calculi (UC) is a common genitourinary disorder that
has had an increasing incidence over the past 100 years and
is currently estimated to occur during in 10% to 15% of the
global population.'* Therefore, it is important to understand
what conditions may be associated with the many survivors
of this low-mortality condition.

It has been proposed that UC may cause alterations in
the local environment due to chronic irritation and, subse-
quently, may lead to urothelial proliferation and the devel-
opment of malignant neoplasms, especially transitional cell
carcinoma (TCC). Another type of cancer that may be associ-
ated with UC is renal cell carcinoma (RCC). TCC arises from
the tissues of the renal pelvis and ureter, while RCC arises
from the tumours of the renal parenchyma.’

Numerous case reports have been published suggesting
a link between UC and TCC, but few case-control studies
examine this association.> Although earlier studies have sug-
gested an non-statistically significant association between
UC and TCC,*8 Chow and colleagues reported significant
excesses of renal pelvis/ureter cancer based on standardized
incidence ratios.®

In addition, there is controversy surrounding the associa-
tion between RCC and UC. Although several case-control
studies have successfully reported a significant association
between RCC and UC,*'? Chow and colleagues were unable
to detect this association and refuted previous findings.

To clarify this issue, we investigate the association
between KC and patients with previously diagnosed UC,
after adjusting for socio-demographic and medical charac-
teristics.

Methods

Database

The data for this case-control study were sourced from
Taiwan National Health Insurance [NHI] program. Taiwan
inaugurated its single-payer NHI program in 1995 to provide
affordable, comprehensive, and easily accessible medical
care for all its citizens. The Longitudinal Health Insurance
Database (LHID) 2005, which is derived from Taiwan’s
Bureau of NHI records and maintained by the Taiwan
National Health Research Institute, includes the registra-
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tion files and original claims data for the reimbursement of 1
million beneficiaries under the NHI program. The LDH2000
includes randomly sampled data from the 2000 Registry for
Beneficiaries (n = 23.72 million) of the Taiwan NHI program.
The annual release of the LHID2000 includes the follow-
ing dimensions: contracted medical care institutions, health
professionals in contracted medical care institutions, beds
in contracted medical institutions, departments in contract-
ed medical institutions, outpatient medical benefit claims,
inpatient medical benefit claims, prescriptions and treatment
procedures in ambulatory care, inpatient prescriptions and
treatment procedures, prescriptions from contracted pharma-
cies, and detailed inpatient costs.

One study by Gau and colleagues has validated the
validity of the LHID2000 and found no significant differ-
ence in the gender distribution between patients selected
in the LHID2000 and all patients enrolled under the NHI
program.’ Furthermore, prior studies have demonstrated
the high validity of the data from the NHI program.'*'* The
LHID2000 allows researchers in Taiwan to follow-up on all
the medical services of these million individuals beginning
with the initiation of the Taiwan NHI program in 1995.

This study was exempt from full review by the Institutional
Review Board (IRB) after consulting with the director of the
Taipei Medical University IRB, since the LHID2000 con-
sisted of anonymous secondary data released to the public
for research purposes.

Selection of cases and controls

We identified 1416 incident patients pathologically diag-
nosed with KC (ICD-9-CM codes 189.0, 189.1, or 189.2)
from the LHID2000 who received their diagnoses in ambula-
tory care visits or hospitalizations between January 2002 and
December 2009. We excluded patients aged less than 40
years since the incidence rate of KC in this group was very
low, and to avoid potentially contaminating the homogene-
ity of our cases and to avoid bias (n = 108). As a result, 1308
patients with KC were included in this study. We assigned
their first diagnosis of KC as the index date.

In this study we selected 5 matched controls per case
(n = 6540) from the remaining patients of the LHID2000,
and in accordance with prior studies stratified by sex, age
on a 10-year basis (40-49, 50-59, 60-69, 70-79, and >79),
and index year to match the distributions in the cases.
All selected controls were assured to have never received
a diagnosis of KC prior to 2009 (the LHID2000 data avail-
able was from 1995 to 2009). For these controls, their first
use of ambulatory care occurring during the index year was
assigned as the index date.

Urinary calculi and kidney cancer

Outcomes measured

This study compared the prevalence and risk of having pre-
viously been diagnosed with UC prior to the index date
between cases and control. We identified UC patients based
on a diagnosis of UC (ICD-9-CM codes 592 [calculus of the
kidney and ureter], 592.0 [calculus of the kidney], 592.1
[calculus of the ureter] or 592.9 [urinary calculus, unspeci-
fied]). To increase the validity of UC diagnoses, we only
selected UC patients if they had received 2 or more UC
diagnoses prior to the index date, with at least one being
made by a urologist. In Taiwan, the first diagnosis for a
condition indicates that a clinician performed an assess-
ment for the condition in question. The second diagnosis
reflects the presence of the condition based on the outcome
of the clinical assessment. In Taiwan, UC is diagnosed based
on a review of the patient’s medical history and one or
more of several clinical tests. All patients suspected of UC
are screened with urinalysis, which along with diagnostic
imagining, helps in determining the differential diagnosis.
Depending on the results, a suspected UC patient in Taiwan
may undergo one or more of the following procedures to
rule out other possible conditions and to provide more evi-
dence for the presence of UC: plain-film radiography, ultra-
sound, intravenous pyelography, and noncontrast helical
computed tomography.

Statistical analysis

In this study, all analyses were performed using the SAS
system (SAS System for Windows, Version 8.2, SAS Institute
Inc., Cary, NC). Chi-square tests were used to compare the
differences in monthly income (New Taiwan dollar [NT$]0-
NT15 840; NT15841-NT25 000; and =NT25 001) and
the geographic location (Northern, Central, Eastern, and
Southern Taiwan) and urbanization level of the patient’s
residence (5 levels), as well as the distribution of comor-
bidities. In Taiwan, all 359 cities/towns were stratified into
5 urbanization level in accordance with a prior study, with
1 referring to the “most urbanized” and 5 referring to the
“least urbanized.”'> We intentionally matched the variable
of urbanization level between cases and controls to assure
that cases and controls were reasonably similar in terms
of unmeasured neighbourhood socioeconomic character-
istics. We selected and defined the comorbidities taken
into consideration in our statistical modeling by ICD-9-CM
codes. These comorbidities included hypertension (ICD-9-
CM codes 401-405, 642), diabetes (ICD-9-CM codes 250.
and 648.0), renal disease (ICD-9-CM codes 582-586, 5900),
obesity (ICD-9-CM code 278), and cystic kidney disease
(ICD-9-CM codes 753.1 and 753.10). These comorbidities
were included only if they were obtained before the index
date. In addition, we further used conditional logistic regres-
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sion (conditioned on sex, age [10-year basis], and index
year) to examine associations between KC and having been
previously diagnosed with UC. All of the above mentioned
variables were adjusted for in the regression models. In addi-
tion, we analyzed the association of KC with previously
diagnosed UC stratified by sex. The conventional p < 0.05
was used to determine statistical significance.

Results

Of the total sample of 7848 subjects, the mean age was
65.3 years with a standard deviation of 12.3 years (Table
1). After matching for sex and age, we found a higher preva-
lence of renal disease (23.9% vs. 4.9%, p < 0.001) and
cystic kidney disease (0.6% vs. 0.1%, p < 0.001) than in the
control group. There were no significant differences in the
prevalence of hypertension, diabetes, obesity, or tobacco
use disorder between cases and controls. As for demograph-
ic characteristics, patients were more likely to reside in the
southern part of Taiwan (p = 0.026) and in more urbanized
communities (p = 0.046) than in the controls.

Of the total sample, 1262 (16.1%) had been diagnosed
with UC before the index date; UC was found in 415 (31.7%)
cases and in 847 (13.0%) controls (p < 0.001) (Table 2). After
adjusting for monthly income, geographic location, urban-
ization level, hypertension, diabetes, renal disease, obesity,
cystic kidney disease, tobacco use disorder, and alcohol
abuse, we found that, upon conditional logistic regression
analysis (conditioned on sex, age, and index year), patients
were more likely to have been previously diagnosed with
UC before the index date when compared with controls
(odds ratio [OR] 3.18; 95% confidence interval [Cl] 2.75-
3.68; p < 0.001).

Table 2 also shows the association between KC and UC
according to the type of kidney cancer. This study included
780 RCC patients and 528 TCC patients. We found that,
after adjusting for monthly income, geographic location,
urbanization level, hypertension, diabetes, renal disease,
obesity, cystic kidney disease, tobacco use disorder, and
alcohol abuse, the OR of having prior UC for patients with
RCC when compared with controls was 2.76 (95% Cl 2.31-
3.29, p < 0.001). Similarly, as compared to controls, the
adjusted odds of prior UC for patients with TCC were 3.96
(95% Cl 3.23-4.86, p < 0.001).

The adjusted OR of prior UC was 2.93 (95% Cl 2.42-3.55,
p < 0.001) times more for male cases than those for male
controls (Table 3). Among the female subjects, the condi-
tional logistic regression analysis revealed that cases were
more likely than controls to have UC before the index date
(OR 3.59; 95% Cl 2.87-4.48; p < 0.001) after adjusting for
monthly income, geographic location, urbanization level,
hypertension, diabetes, renal disease, obesity, cystic kidney
disease, and tobacco use disorder, and alcohol abuse.

In this study, 1308 subjects were analyzed. Of these sub-
jects, 780 suffered from RCC, 528 were diagnosed with TCC,
and 6540 were controls. After adjusting for age, gender,
comorbid medical disorders (hypertension, diabetes, cys-
tic renal disease, and chronic kidney disease), and obesity,
we found that the combined KC patients had a 3.18-fold
higher risk of having been previously diagnosed with UC.
We further analyzed this association based on the type of
cancer and found TCC and RCC patients were 3.96 and 2.76
times more likely to have been previously diagnosed with
UC, respectively, compared to controls. While in the case
of TCC, the results of this study are merely confirmatory,
the association detected between RCC and UC refutes the
results of the most powerful study conducted concerning
this association to date.

The associations detected in this study between UC and
TCC are consistent with clinical reports demonstrating a link
between UC and TCC."” Previous studies have speculated
that the mechanisms underpinning this association maybe
involve the chronic irritation and infections related to UC.®
The irritation and infections would cause inflammatory cells,
(including neutrophils, macrophages, dendritic cells, mast
cells) and lymphocytes at the damage site. The lymphocytes
would then secrete a large number of cytokines and che-
mokines which promote the growth of neoplastic cells and
contribute to the onset and progression of cancer."

Stones have furthermore been demonstrated in animal
studies to cause neoplastic changes in the adjacent urothe-
lium.202" Therefore, it is possible that the association in this
study between UC and KC resulted from UC-attributed irrita-
tion and infections which promoted proliferative urothelial
changes and cancer.” In addition, the same inflammatory
cytokines may also regulate the progression and metastasis
of tumours.

Chow and colleagues further show that most of the renal
pelvis/ureter cancers occur on the same side as the stone,
and that the highest risk for renal pelvis/ureter cancers was
found among patients with associated infections.®

While the results of this study regarding the association
between RCC and UC concur with previous studies,'®'? they
stand in contrast to those detected by the largest study con-
ducted concerning this association to date.® Results obtained
by Maclure and colleagues concur with our results. They
investigated patients with a history of kidney stones and
renal adenocarcinoma. They found renal adenocarcinoma
patients to be 2.3 (95% Cl 1.3-4.1) times more likely than
605 neighbourhood controls to have had a history of kidney
stones.’® Another previous study investigating the association
between RCC and kidney stones was performed in northern
Italy. In their hospital-based case-control study conducted
between 1986 and 1989 on 240 patients with RCC and 665
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Table 1. Demographic characteristics of patients with kidney cancer and controls in Taiwan in the years 2002-2009 (n=7848)
Patients with kidney cancer (n=1308) Controls (n=6540)

Variable Total No. % Total No. % pvalue
Sex 1.000
Male 682 52.1 3410 52.1
Female 626 47.9 3130 47.9
Age (years) 1.000
40-49 171 13.1 855 13.1
50-59 255 19.5 1275 19.5
60-69 324 24.8 1620 24.8
70-79 388 29.6 1940 29.6
>79 170 13.0 850 13.0
Monthly income 0.056
No income 248 19.0 1080 16.5
NT$1-15 840 200 15.3 911 13.9
NT$15 841 25,000 588 44.9 3106 47.5
=NT$25,001 272 20.8 1443 22.1
Geographic region 0.026
Northern 623 47.6 3043 46.5
Central 263 20.1 1543 23.6
Southern 395 30.2 1799 27.5
Eastern 27 2.1 155 24
Urbanization level 0.046
1 (most urbanized) 416 33.6 1903 30.8
2 388 31.3 1817 29.4
3 174 14.0 1019 16.5
4 174 14.0 954 15.4
5 (least urbanized) 88 7.1 485 7.9
Chronic renal disease 312 23.9 318 4.9 <0.001
Diabetes 274 21.0 1233 18.9 0.079
Hypertension 609 46.6 2913 445 0.180
Obesity 3 0.2 32 0.5 0.198
Cystic kidney disease 8 0.6 9 0.1 <0.001
Tobacco use disorder 80 6.1 222 34 <0.001
Alcohol abuse 15 1.0 66 1.0 0.998

NT: New Taiwan dollar.

controls, Talamini and colleagues found RCC patients hada  kidney stones, after adjusting for the effects of age, gender,
weak positive association with prior kidney stones (OR 2.00  body-mass index, tobacco smoking, and study centre.’

95% Cl 1.07-3.73)."" Additionally, in a large international These results were all refuted by a study conducted
case-control study, it was found that the relative risks (RR) by Chow and colleagues on data drawn from the nation-
for renal cancer were significantlv increased bv a historv of ~ al Swedish In-patient Register and the National Swedish

Table 2. Prevalence and odds ratios for urinary calculi among the sampled patients

Patients with KC (n=1308)

Presence of prior urinary Control (n=6540) Patients with KC (n=1308)

. RCC (n=780) TCC (n=528)
calculi
n, % n, % n, % n, %
Yes 847 13.0 415 31.7 229 29.4 186 35.2
No 5693 87.0 893 68.3 551 70.6 342 64.8
Crude OR (95% ClI) 1.00 3.17*** (2.76-3.64) 2.79*%** (2.35-3.31) 3.79%** (3.12-4.60)
Adjusted OR a (95% Cl) 1.00 3.18*** (2.75-3.68) 2.76*** (2.31-3.29) 3.96*** (3.23-4.86)

KC: kidney cancer; RCC: renal cell carcinoma; TCC: transitional cell carcinoma; OR: odds ratio; CI: confidence interval. OR was calculated by conditional logistic regression which was
conditioned on age group and the year of index date; aadjustments are made for patient’s monthly income, geographical location, urbanization level, hypertension, diabetes, renal disease,
obesity, cystic kidney disease, tobacco use disorder, and alcohol abuse;*** indicates p < 0.001.
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Table 3. Odds ratios for urinary calculi among patients with kidney cancer and controls, by sex

Sex

Presence of prior urinary - - - Male (n=4092) - - - Female (n=3756)
caleuli Patients with kidney Controls (n=3,410) Patients with kidney Controls (n=3,130)

cancer (n= 682) n % cancer (n=626) n %

n, % ! n, % !

Yes 235 345 523 15.3 180 28.8 324 10.4
No 447 65.5 2,887 84.7 446 71.2 2806 89.6
Crude OR (95% Cl) 2.92*** (2.43-3.51) 1.00 3.51*** (2.85-4.33) 1.00
Adjusted ORa (95% Cl) 2.93*** (2.42-3.55) 1.00 3.569*** (2.87-4.48) 1.00

OR: odds ratio; ClI: confidence interval. Conditional logistic regression (conditioned on sex and age) was performed to adjust for patient’s monthly income, geographical location, urbanization
level, hypertension, diabetes, renal disease, obesity, cystic kidney disease, tobacco use disorder, and alcohol abuse; ***indicates p < 0.001.

Cancer Registry. In this study, the authors followed 61 144
patients for 25 years who were hospitalized for kidney or
ureter stones from 1965 to 1983, but failed to detect an
increased risk of RCC among UC patients.> The present study
found RCC patients to be 2.76 times more likely to have
had a previous diagnosis of UC, thus adding support for the
presence of a positive association between RCC and UC.

In this study we demonstrated that the association was
much more prominent in females. One reason for the greater
risk among females may involve their higher frequency of
urinary tract infections.?? Another possibility involves the use
of Chinese herbs. Several researchers have proposed that the
use of Chinese herbs may have an important role in female
TCC of the kidney and ureter.?>?* In a Taiwan-specific cohort
of 6548 Chinese herbalists, female herbalists were found to
have a higher risk of urological cancers than males.?

This study has limitations. The major limitation of this
study is the lack of information regarding potential con-
founding factors, such as family history of KC, cigarette
smoking, body mass index, and occupational exposures,
all of which may have contributed to the development of
KC. By using ICD-9-CM coding, we were able to adjust for
obesity, but it is possible that this may have resulted in an
underestimation of the prevalence of obesity. In any case,
the prevalence detected in this study was not much dif-
ferent from prior studies using the same database.?*?” We
also did not have access to any information regarding any
protective factors, such as vegetable and fruit consumption,
and therefore could not adjust for their effects. This may
have been a confounding factor in the association between
KC and UC, as UC has been linked to dietary factors, and
thus diet is related to both the exposure (UC) and outcome
(KC). Our inability to account for these factors was due to
the absence of this information in the administrative dataset
analyzed in this study.

Secondly, we did not identify the stone site to confirm
whether it was in the same location as KC, as it was not
part of the data. Although the information contained in the
LHID2000 is derived from medical records, not all the infor-
mation present in the medical records is carried over into the
LHID200 as it is primarily used as an administrative data-
base for medical claims. Nevertheless, in our nationwide

population-based analysis, we have collected conventional
risk factors and comorbidities at baseline, and KC remained
a significant risk factor after adjusting for these confounding
factors.

Thirdly, the diagnoses used in this study were sourced
from an administrative database, and therefore, they may be
less accurate than diagnoses undertaken individually through
standardized imaging reports in a prospective study design.
Moreover, while a diagnostic validation study was not con-
ducted for the specific diagnoses used in this study for the
cases registered in the NHI, many prior studies have demon-
strated the high validity of the LHID2000,'*** and hundreds
of papers employing the LHID2000 have been published
in internationally peer-reviewed journals. Furthermore, the
NHI Bureau implements routine sample cross-checks of the
claims of every hospital and clinic claims with its medical
charts and enforces putative measures for coding infractions.
Therefore, it is generally believed that the NHI’s checks and
balances foster accurate coding.

Fourthly, this study may have been vulnerable to a sur-
veillance bias as patients with UC would have been more
likely to be screened for cancer. Furthermore, we were not
able to assess this possibility by analyzing the elapsed time
between the exposure of interest and the onset of disease
to compare with the control group. As the NHI program
was only initiated in 1995, we could only trace the subjects
analyzed in this study back to that date. Therefore, it is likely
that many of the UC patients analyzed in this study were
not new cases, and therefore any analysis of the interval
between the first diagnosis of UC and the diagnosis of KC in
this study would not be a valid indicator for the elapsed time
between the exposure of interest and the onset of disease.

Finally, over 98% of Taiwan’s residents are of Chinese
Han ethnicity. While the homogenous population may
exempt our study from potential confounding by race, it also
limits the generalizability to other ethnic groups. Therefore,
the results found in this study may not be generally applied.

Conclusion

This study leveraged the data from the Taiwan LHID2000 to
succeed in identifying the association between KC, includ-

E720 CUAJ @ November-December 2013 @ Volume 7, Issues 11-12



ing RCC and TCC, and patients with a previous diagnosis of
UC. These results highlight a need for urologists dealing with
UC patients to monitor the potential risk for the subsequent
development of KC.

Competing interests: Dr. Chung, Dr. Liv and Dr. Lin all declare no competing financial or personal
interests.
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