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ABSTRACT

Objectives This study aimed to determine colorectal
cancer (CRC) risks among patients with gout through a
follow-up study on a nationwide population-based cohort
that included patients with gout and the general population
in Taiwan.

Participant From the Taiwan National Health Insurance
Research Database, we identified 28 061 patients who
were newly diagnosed with gout between 2000 and

2010 as the study cohort. We randomly selected 84 248
subjects matching in gender, age and baseline year as
comparison cohort. The cohorts were followed up until
CRC occurrence, withdrawal from the system of National
Health Insurance, or Dec. 31, 2013.

Primary and secondary outcome measures Cumulative
incidences and incidence rate ratios (IRRs) of CRC between
two cohorts were examined. The Cox proportional hazards
model was used to evaluate risk factors associated with
CRC development.

Results During the 13-year follow-up, the incidence

rate of CRC development in the gout cohort reached

2.44 per 1000 person-years, which was higher than

the 2.13 per 1000 person-years in the control cohort
(IRR=1.15; 95% CI 1.04 to 1.26). After adjusting for age,
gender, urbanisation status and comorbidities, including
hypertension, diabetes and hyperlipidaemia, gout showed
no significant association with increased risk of CRC
occurrence (adjusted HR=1.03; 95%Cl 0.93 to 1.14).
Conclusions Similar risks of CRC incidence were
observed in patients with and without gout in Taiwan.
Allopurinol and colchicine are commonly used as urate-
lowering drug and anti-inflammation medication in Taiwan
and had been shown to reduce the risk of CRC incidence.
Thus, further pharmaco-epidemiological studies should be
carried out to specifically assess the role of allopurinol in
the relationship between gout and CRC.

INTRODUCTION

Gout is an inflammatory disease caused by
deposition of monosodium urate (MSU)
crystal deposition in joints due to purine
metabolism disorder. This disease is esti-
mated to affect approximately 5% of middle-
aged and elderly population worldwide.' The
clinical phases of gout can be divided into
‘asymptomatic hyperuricaemia’, ‘acute gouty
arthritis’ and ‘chronic tophaceous gout’.”

Strengths and limitations of this study

» A large number of study subjects selected from the
nationwide population-based dataset strengthened
the statistical power in examining associations be-
tween gout and colorectal cancer.

» The patients presented a wide range of demo-
graphic characteristics, which enabled us to per-
form stratified analyses according to age, sex and
comorbidities.

» The National Health Insurance (NHI) database lacked
data on potentially important information, such as
serum uric acid level. In addition, information on
colorectal cancer (CRC) stage was unavailable from
the NHI.

» Our study was unable to completely adjust for known
risk factors for CRC, such as smoking habits, alcohol
consumption, body mass index, physical activity and
family history of cancer, which are unavailable from
the NHI dataset.

Hyperuricaemia is defined as serum urate
levels >8mg/dL in men and >7mg/dL in
women; these values are near to the super-
saturated level of urate in plasma.” Acute
gouty arthritis is characterised by intense
pain, swelling and stiffness of joints due to
deposition of urate microcrystals.* With time,
asymptomatic periods become shorter and
acute gouty occurs frequently with tophi
formation, whereas chronic joint deformity
may appear. If uric acid concentrations in
serum are lowered below the MSU satura-
tion point, MSU crystal deposition in tissues
dissolves, and gout can be cured.’

As early as 2640 BC, gout condition was
first identified by ancient Egyptians.® Despite
its long history, gout remains a major public
health problem. Over the past 50 years, gout
prevalence has increased; a growing number
of patients suffer from this extremely painful
inflammatory disease.” The evolving evidence
revealed that hyperuricaemia and gout attack
are highly associated with over-intake of
purir}es-rich food and under-excretion of uric
acid.”
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Since 1982, cancer became the leading cause of death
in Taiwan for three decades. The incidence of colorectal
cancer (CRC) ranked first among all cancers and rank
third in cancer mortality in Taiwan, according to the
Bureau of Health Promotion Annual Report 2015. In the
USA, CRC is the third most common cancer among both
men and women and leading cause of cancer mortality
worldwide.” In recent years, a growing number of studies
aimed to investigate the effect of gout and hyperuri-
caemia on carcinogenesis.'"'* Interestingly, uric acid was
hypothesised to be protective in carcinogenesis due to its
powerful antioxidant properties.'” Nevertheless, several
studies indicated that gout is associated with increased
risk of digestive system cancer, urological cancers and
lung cancer.'? '*

To our knowledge, metabolic syndromes, including
obesity, hypertension, diabetes mellitus and dyslipi-
daemia, are highly associated with gout development.4 b 15
Available evidence from epidemiological investigations
and clinical studies supports the hypothesis that meta-
bolic syndrome may be an important aetiological risk
factor for the development of certain types of cancer,
especially CRC.'® 7 Nevertheless, the precise relationship
between gout and CRC development remains unclear,
and the related studies are limited and mostly originate
from the western countries."”” In this study, we aimed to
investigate the association between gout and CRC inci-
dence among 1 million randomly selected insured people
in Taiwan, with a maximum of 13 years of follow-up.

COHORT DESCRIPTION

Data sources

In this study, we retrospectively retrieved data of the
National Health Insurance Research Database (NHIRD)
provided by the National Health Insurance Administra-
tion (NHIA), Ministry of Health and Welfare of Taiwan.
The Longitudinal Health Insurance Database randomly
selected 1million insured people from the NHIRD by
using a systematic random sampling method. NHIRD
provides all inpatient and outpatient medical claims and
medical orders for nearly 99% of people in Taiwan.'® To
ensure privacy, all healthcare providers’ identification
numbers in all healthcare databases were encrypted. In
Taiwan, NHIA issues major illness/injury certificates to
all patients with malignant tumours. In addition, if these
patients are hospitalised for diseases associated with
related malignancy, they are exempted from co-payment
to the National Health Insurance (NHI). The major
illness/injury certificate is issued only after cancer diag-
nosis is pathologically confirmed. In this study, patients
with CRC were identified using major illness/injury
certificates for inpatients or outpatients cares to ensure
accuracy of malignancy diagnosis. The data retrieved in
this study excluded personal identifiers. Thus, informed
consent and review by Institutional Review Board were
waived.

Study cohort

Between 1 January 2000 and 31 December 2010, 41270
patients newly diagnosed with gout based on the Inter-
national Classification Disease, 9th Revision, Clinical
Modification (ICD-9-CM) codes 274 were identified. We
excluded those with history of cancer (ICD-9-CM140-208)
diagnosed before the index date (defined as the date of
first diagnosis of gout) or age <19 years old at the index
day (n=13209). For each patient with gout identified in
the study group, four insured participants matched with
age (every 5 years), sex and index year were randomly
selected from those without history of gout nor cancer
as comparison cohort. Among the selected non-gout
subjects (n=112244), 27996 non-gout subjects with prior
diagnosis of all-cancer were then deleted, leaving 84248
non-gout subjects in the current analysis (figure 1).

Each patient was followed up from the index date to
new diagnosis of CRC (ICD-9-CM 153-154), 31 December
2013 or withdrawal from insurance, whichever came first.
Under the concern of possible unmeasured confounders,
we identified baseline metabolic and anthropometric
traits of metabolic syndrome, including hypertension
(ICD-9-CM 401-405), diabetes mellitus (ICD-9-CM 250)
and hyperlipidaemia (ICD-9-CM 272), which have been
closely associated with CRC development.16 7" Addi-
tionally, we calculated the Charlson comorbidity index
(CCI) score, a weighted summary measure of clinically
important concomitant diseases adopted for use with
ICD-9-CM-coded administrative databases'’ ** for each
study subject.

Patient and public involvement
No patient involved.

Statistical analysis

We first compared distributions of age, sex, urbanisa-
tion and comorbidities between the gout and non-gout
cohorts, which were examined using ” test. We then calcu-
lated the incidence density of CRC. Gout versus non-gout
incidence rate ratio (IRR) of CRC was examined. For
each participant, follow-up duration was estimated from
the index date to CRC diagnosis for uncensored subjects
and until date of health insurance policy termination
(mostly due to death) or Dec. 31, 2013 for those who
were censored. We used the Cox proportional hazards
model with adjustment for age, sex, urbanisation, hyper-
tension, diabetes, hyperlipidaemia, CCI and propensity
score (PS) to calculate HRs and 95% CIs. Adjustment for
age was mainly due to imbalance in average age between
study groups, possibly through use of broad 5-year bands
when matching. Kaplan-Meier curves were used to calcu-
late the cumulative proportion of CRC incidence for
both groups, and log-rank test was then employed to
test differences between curves. We also examined the
robustness of risk estimates for CRC in association with
gout due to potential problem of colinearity involving
simultaneous inclusion of urbanisation, comorbidity, and
PS in the regression model. The results indeed showed a

Chuang J-P, et al. BMJ Open 2019;9:e028892. doi:10.1136/bmjopen-2019-028892



A random sample of 1 million people registered with
Taiwan National Health Insurance Program in 2000

:

All patients with >=3 outpatient or >=1
inpatient diagnosed gout in 1-year
period between 2000 and 2010,
n=41,270

Excluded: n=13,209

1. Inpatient/outpatient diagnosis
of cancer prior to (as early as
1997/1/1) date of the first
(index) gout diagnosis

2. Age <19 years at the index
date

A

A\ 4

A 4

All adult patients with gout but without
a prior history of all-cause cancer,
n=28,061

All people without any
inpatient/outpatient diagnosed gout
between 1997 and 2013 (i.e., non-gout
subjects), n=927,756

v

4 non-gout people were randomly selected by prospectively

matching each patient with gout on age (5
of index gout in 2000-2013 (gout, n=28.,061; non-gout,

ears), sex, and date

n=112.244)

Matched controls with history of all-cancer
diagnosis before date of index gout (n=27,996) were

deleted, n=84,248

Follow-up from index date up to Dec. 31, 2013

v

Patients with gout newly diagnosed
colon-rectal cancer during follow-up,
n=573

Figure 1 The flow chart of study subjects recruitment.

sign of colinearity between PS and hypertension/hyper-
lipidaemia, rendering a wide CI for the risk estimate
associated with PS. However, such problem posed little
influence of the estimation of adjusted HR of CRC in rela-
tion to gout.

Sensitivity analysis was conducted by excluding patients
who developed CRC in the first 2years after starting
follow-up to assure a biologically plausible induction

A 4

Matched controls newly diagnosed
colon-rectal cancer during follow-up,
n=1,680

period. In addition, although we managed to adjust for
potential risk factors for CRC, certain lifestyle factors,
such as smoking, overweight and physical activities,
remained unadjusted in the analysis mainly due to lack of
such data in medical claims. By using all variables listed
in table 1, we calculated the PS in prediction of gout diag-
nosis for each of the study subjects to minimise poten-
tial confounding by unmeasured confounders. We then
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Table 1 Characteristics of study cohorts

Control Gout
n=84248 (%) n=28061(%) P value

Age, years

<30 9775 (11.6) 2735 (9.8) <0.0001

30-44 22026 (26.1) 6474 (23.1)

45-59 24353 (28.9) 8082 (28.8)

>=60 28094 (33.4) 10770 (38.4)

Mean+SD 51.09+16.89 53.38+17.19
Sex

Male 67510 (80.1) 21589 (76.9) <0.0001
Geographic area

Northern 39771 (47.2) 12749 (45.4) <0.0001

Central 19735 (23.4) 6802 (24.2)

Southern 22491 (26.7) 7543 (26.9)

Eastern 2251 (2.7) 967 (3.5)
Urbanisation status

Urban area 36169 (42.9) 11079 (39.5) <0.0001

Satellite area 24109 (28.6) 7949 (28.3)

Rural area 23964 (28.4) 9030 (32.2)
Years of follow-up

Mean+SD 9.44+3.26 8.43+3.48 0.062
Comorbidity

Hypertension 20367 (24.2) 13575 (48.4) <0.0001

Diabetes 10378 (12.3) 6292 (22.4)  <0.0001

Hyperlipidaemia 12369 (14.7) 9818 (35.0)  <0.0001
CCl

Mean+SD 0.41+0.89 0.68+1.15 <0.0001
PS

Mean+SD 0.23+0.11 0.31+0.14 <0.0001

CCl, Charlson comorbidity index; PS, propensity score.

0.04
L

Cumulative event rate
0.02 0.03
! |

0.01
L

0.00
1

Follow-up (years)

Figure 2 Kaplan-Meier analysis for colorectal cancer
cumulative event rate between gout and control.

conducted sensitivity analysis by treating PS and CClI score
as covariates in the Cox model to assess the robustness
of HR estimated from multivariate regression analysis.
We performed statistical analyses with SAS (V.9.3), and a
two-sided p <0.05 was considered statistically significant.

FINDINGS TO DATE

Characteristics of study participants

Table 1 compares the characteristics and baseline comor-
bidity status between the gout and non-gout cohorts.
The mean (+SD) age for gout and non-gout cohorts was
53.4+17.2and 51.1+16.9 years, respectively. A total of
42.9% and 39.5% individuals from the non-gout and gout
cohorts lived in urban areas. Mean follow-up was slightly
but non-significantly (p=0.062) shorter in the gout group
than in the non-gout group (8.4+3.5 vs 9.4+3.7 years). The
gout cohort was susceptible to comorbidities, including
hypertension (48.4% vs 24.2%, p<0.0001), diabetes
mellitus (22.4% vs 12.3%, p<0.0001) and hyperlipidaemia
(35.0% vs 14.7%, p<0.0001).

Risk and relative risk of CRC
Kaplan-Meier survival analysis showed that CRC cumula-
tive rate was higher in patients with gout than in non-gout
controls. In addition, a significant difference in survival
was observed between the two groups (p for log-rank
test=0.0029) (figure 2). Table 2 compares the CRC inci-
dence densities between the cohorts and their IRRs. A
higher overall CRC incidence was observed in the gout
cohort than in the non-gout cohort (2.44 vs 2.13 per 1000
person-years; IRR=1.15, 95% CI 1.04 to 1.26). For both
gout and non-gout cohorts, the incidence density of CRC
was highest in the oldest group at 4.76 versus 4.31 per
1000 person-years, respectively. The IRRs comparing the
risk of gout between the gout and control groups were all
elevated but non-significant for all the four age groups.
Although a higher CRC IRR (1.15) was observed in
the gout cohort than in the non-gout cohort, the adverse
effect of gout on CRC risk disappeared after potential
confounders, including age, sex, residential location
and urbanisation status, hypertension, diabetes, hyper-
lipidaemia, comorbidity score and PS, were considered
and adjusted in the multivariate regression model. Cox’s
regression model indicated that compared with the
non-gout cohort, the HR of CRC group presented no
significant increase in patients with gout (HR=1.04, 95%
CI 0.95 to 1.15). Once the Cox regression model addi-
tionally considered PS in addition to covariates listed in
table 1, it showed HR of 1.04 (95% CI 0.95 to 1.15) for
the gout group (table 3). This finding coincided with the
results estimated from the model without adjusting for PS
(HR, 1.03; 95% CI 0.93 to 1.14). In the sensitivity analysis,
which excluded 130 patients with gout and 334 controls
who developed CRC in the first 2years, 443 patients with
gout and 1346 control patients who developed CRC were
re-analysed. The covariate adjusted HR was estimated at
1.05 (95% CI 0.94 to 1.17) in the reanalysis. HRs of CRC
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Table 2 IRR comparing the risk of gout between the gout and control groups
Control Gout
N Case IR* N Case IR* IRR (95% Cl)

Total 84248 1680 2.13 28061 573 2.44 1.15 (1.04 to 1.26)
Age

<30 9775 23 0.25 2735 8 0.31 1.27 (0.57 to 2.84)

30-44 22026 144 0.67 6474 46 0.77 1.15 (0.82 to 1.60)

45-59 24353 440 1.90 8082 144 2.05 1.08 (0.89 to 1.30)

>=60 28094 1073 4.31 10770 375 4.76 1.10 (0.98 to 1.24)
Sex

Male 67510 1294 2.05 21589 438 2.42 1.18 (1.06 to 1.31)

Female 16738 386 2.45 6472 135 2.54 1.04 (0.86 to 1.27)
Geographic area

Northern 39771 878 2.35 12749 293 2.69 1.14 (1.00 to 1.30)

Central 19735 340 1.84 6802 132 2.32 1.26 (1.03 to 1.54)

Southern 22491 424 2.03 7543 134 2.19 1.08 (0.89 to 1.31)

Eastern 2251 38 1.84 967 14 1.92 1.14 (1.00 to 1.30)
Urbanisation status

Urban area 36169 716 2.10 11079 229 2.42 1.15(0.99 to 1.34)

Satellite area 24109 481 2.14 7949 150 2.26 1.05 (0.88 to 1.27)

Rural area 23964 483 217 9030 194 2.65 1.22 (1.03 to 1.44)
Comorbidities

Hypertension 20367 679 3.97 13575 343 3.33 0.84 (0.74 to 0.96)

Diabetes 10378 318 3.75 6292 162 3.48 0.93 (0.77 to 1.12)

Hyperlipidaemia 12369 369 3.55 9818 218 2.79 0.79 (0.67 to 0.93)

*Incidence rate: per 1000 patient-years.
IRR, incidence rate ratio.

in association with selected comorbidities reached 1.07
for hypertension, 0.97 for hyperlipidaemia and 1.04 for
diabetes mellitus.

Strengths and limitations

Our study employed a large sample size from the nation-
wide population-based dataset, strengthening the statis-
tical power for assessment of associations between gout
and CRC. The patients presented a wide range of demo-
graphic characteristics, enabling us to perform stratified
analyses by age, sex and comorbidities without losing
precision. Nonetheless, several limitations were observed
in the present study. First, the NHI database lacked data
on specific potentially important information, such as
serum uric acid level. Second, CRC stage information was
unavailable in our database. Our study relied on claims
data and diagnostic codes to ascertain patients with
cancer, which were subject to disease misclassification.
The potential bias arising from such potential disease
misclassification would be minimal mainly because
cancer diagnosis appearing in Taiwan’s NHI claims
should be accompanied by a major illness/injury certif-
icate, which can be issued only after malignancy diag-
nosis is pathologically confirmed. Moreover, the chance

of false negative is believed to be very low, similar to that
of Taiwan major illness/injury certificate issued by oncol-
ogists. This certificate can be used to waive co-payment
by patients for cancer treatment, which is an essential
patient right. Third, we failed to completely adjust for
known risk factors for CRC, such as smoking, alcohol
consumption, body mass index (BMI), physical activity
and family history of cancer, mainly due to unavailability
of such data from NHI claims. Residual confounding
could have existed and biassed the relative risk estimated
in this study.

DISCUSSION

This work is by far the largest nationwide study in Taiwan to
investigate the association between gout and subsequent
risks of CRC. We noted that the gout group presented
a 1.15-fold higher incidence of CRC than the non-gout
control group in the 13-year follow-up. These findings are
consistent with those of a 30-year follow-up in a Swedish
study by Boffetta et al.”” However, after adjustment for
age, sex and comorbid diabetes, hypertension and hyper-
lipidaemia, the association between gout and CRC noted
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Table 3 Relative HRs of colorectal cancer for the gout and control groups

Colorectal cancer

No Yes
n % n % Adjusted HR (95% CI)*
Gout
No 82568 98.00 1680 2.00 1.00
Yes 27488 97.96 573 2.04 1.04 (0.95 to 1.15)
Age, years
<30 12479 99.75 31 0.25 1.00
30-44 28310 99.33 190 0.67 2.63 (1.8 to 3.86)
45-59 31851 98.20 584 1.80 7.39 (5.03 to 10.87)
>60 37416 96.27 1448 3.73 17.13 (11.09 to 26.46)
Sex
Male 87367 98.06 1732 1.94 1.43 (1.30 to 1.59)
Female 22689 97.76 521 2.24 1.00
Geographic area
Northern 51349 97.77 1171 2.23 1.73 (1.27 to 2.35)
Central 26065 98.22 472 1.78 1.23 (0.91 to 1.65)
Southern 29476 98.14 558 1.86 1.32 (0.97 to 1.78)
Eastern 3166 98.38 52 1.62 1.00
Urbanisation status
Urban area 46303 98.00 945 2.00 0.95 (0.82 to 1.10)
Satellite area 31427 98.03 631 1.97 0.92 (0.80 to 1.05)
Rural area 32317 97.95 677 2.05 1.00
Comorbidity
Hypertension 32920 96.99 1022 3.01 1.07 (0.66 to 1.72)
Diabetes 16190 97.12 480 2.88 1.04 (0.92 to 1.17)
Hyperlipidaemia 21600 97.35 587 2.65 0.97 (0.61 to 1.54)
CCl 1.06 (1.01 to 1.11)
PS 1.79 (0.13 to 24.11)

*Adjusted model, adjusted for age, sex, urbanisation, hypertension, diabetes, hyperlipidaemia, CCl and PS.

CCl, Charlson comorbidity index; PS, propensity score.

in our study was no longer significant. In 2012, a national
population-based study from Taiwan showed that patients
with gout exhibited a 15% increased risks for all-cause
cancer and prostate cancer.”'

In 2015, a study revealed that prevalence and inci-
dence of gout were highly variable across various regions
worldwide. The burden of gout on developed countries
is usually higher than in low-income and middle-income
countries.” However, our study revealed that patients
with gout are more prevalent in rural areas than the
non-gout group. As reported in previous epidemiological
studies,*° #* a strong relationship was observed between
gout and metabolic syndromes, including insulin resis-
tance, hypertension, obesity and dyslipidaemia. Such rela-
tionship was also observed in our study, in which several
patients with gout suffered from high prevalence of diag-
nosed hypertension, diabetes and hyperlipidaemia. In

the Framingham study, a high BMI has been observed
in patients with gout.” In addition to obesity, life style
factors, including alcohol intake and smoking, were prev-
alent in the gout group.”® Associations between these
factors and CRC have been well documented in epidemi-
ological studies.”” *® However, the NHI claims data provide
no information on smoking habits, alcohol consumption
and BMI. Failure to adjust these risk factors may have
resulted in residual confounding in our study results.
Although the antioxidant properties of uric acid play
an important role in preventing the formation of carcino-
genic free radicals, less evidence supports its capability to
prevent cancer.'” "' * Chronic large bowel inflammatory
conditions, such as inflammatory bowel diseases, have
been considered one of the major risks of subsequent CRC
development.”” A high mean number of myeloperoxi-
dase-positive cells (neutrophils and monocytes) in normal

6

Chuang J-P, et al. BMJ Open 2019;9:e028892. doi:10.1136/bmjopen-2019-028892



mucosa has been observed in patients with CRC compared
with the control group.” Persistent inflammatory signals
can continually recruit neutrophils to accumulate in
the intestinal mucosa, and without efficient elimination
by macrophages, the apoptotic neutrophils undergo
secondary necrosis and cause pathological tissue damage
by releasing detrimental intracellular contents.”*® Given
the frequent proinflammatory cytokine production from
macrophages caused by MSU stimulation, we speculate
increased risk of tumour microenvironment initiation in
large bowel in patients with gout.

Despite these conditions, our study indicated that the
HR of CRC achieved non-significant increase in patients
with gout. One possible explanation for the minimal
increase in CRC risk among patients with gout is the
potential protective effect of allopurinol and colchicine
use for patients with gout. Allopurinol is a commonly used
urate-lowering drugin Taiwan.”* A prospective randomised
controlled double-blind trial study in 1993 indicated
that allopurinol use (50mg by mouth four times a day)
prolonged survival of patients with advanced CRC.* *
Rajendra et al demonstrated that high dose of allopurinol
(600mg/day) caused significant endothelial dysfunction
improvement and oxidative stress reduction in subjects
with stable coronary artery disease.”’ A randomised,
placebo-controlled, preoperative trial demonstrated that
4-week use of allopurinol (100 or 300 mg) reduced oxida-
tive activation in colon adenomatous polyps and normal
adjacent tissue in 73 subjects with colorectal adenomas.™
Nonetheless, the potential protective role of allopurinol
from carcinogenesis is only limited to CRC. The clinical
investigation by Chen et al reported that allopurinol use
is associated with increased risks of bladder cancer and
all-cause cancers, especially for gout patients who had
used allopurinol for more than 90 days.'"* * A recent
retrospective Taiwanese study suggested that medications
used by patients with gout were associated with increased
risk of various cancers, including leukaemia, non-Hod-
gkin’s lymphoma, leukaemia and breast, endometrial and
cervical malignancies.*’

To further explore the relationship between allopu-
rinol and CRC risk, we conducted a posterior analysis
comparing CRC risk between patients with gout with and
without prescriptions for allopurinol in 1997 and 2013.
Follow-up from patients with gout and taking allopurinol
started from date of allopurinol prescription, whereas
follow-up of those without allopurinol medication started
on the date of gout diagnosis. Analytical results indicated
a weak and non-significantly inverse association between
allopurinol and risk of CRC among patients with gout
(HR: 0.95; CI 95% 0.80 to 1.12). This posterior analysis
failed to entirely exclude the possibility that allopurinol
could be responsible for the null association between
gout and CRC, mainly because we are unable to consider
a comprehensive list of risk factors for CRC in the anal-
ysis. Whether allopurinol plays an important role in
preventing the development of CRC in patients with gout
requires further and robust controlled studies.

Over a century, colchicine has been used for treatment
and prevention of acute gouty arthritis attack due to its
various mechanisms.*' ** Colchicine interferes with micro-
tubule growth and dramatically abrogates the inflamma-
tory response to urate crystal stimulation in humans.*
In addition to its anti-inflammatory effect, colchicine
has been reported for its anticancer effect in vitro and
in animal models.* * In a 12-year cohort study, colchi-
cine use was associated with a significantly low risk of
prostate cancer and CRC in male Taiwanese patients with
gout. Further pharmaco-epidemiological studies should
be conducted to specifically examine the relationship
between colchicine use and CRC risk.

In conclusion, our study indicated that Taiwanese
patients with gout diagnosis showed no association with
significantly increased risk of CRC. Future pharmaco-ep-
idemiological studies should be conducted to specifically
investigate the putative link between allopurinol/colchi-
cine and CRC risk among patients with gout. These future
observational studies should thoroughly consider poten-
tial confounders in their designs. In addition, whether
a dose threshold or dose-gradient effects of allopurinol
exist on the risk of CRC should also be researched in
future studies.
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