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Abstract.
BACKGROUND: The role of smoking in the prognosis of bladder cancer may significantly impact clinical management. It
is also a considerable burden to Taiwan’s economy and health of its citizens.
OBJECTIVE: To search Taiwan’s National Health Insurance Research Database to determine whether smoking affected
overall and cancer-specific mortality of patients with bladder cancer.
METHODS: We collected data on basic information, tumor stage, and comorbidities. Each smoking case was propensity
score-matched by age, sex, and diagnosis year to one control individual among bladder cancer patients. The study comprised a
never-smoke and an ever-smoke group, with each group including 4,728 patients after matching. We evaluated the association
between smoking and mortalities in patients with bladder cancer. Cox proportional regression modeling was used to estimate
hazard ratios (HRs) of overall and cancer-specific mortality rates. Stratified analysis was also performed to estimate risk ratios
of overall and cancer-specific mortalities in bladder cancer patients with and without a history of smoking history among
different subgroups.
RESULTS: The overall and specific mortality ratio of patients who were ever smokers were 1.15-fold and 1.16-fold, respec-
tively, compared with those of never smokers (overall: 95% confidence interval [CI], 1.06–1.26, P = 0.0014; specific: 95% CI,
1.03–1. 03, P = 0.0176). Patients with bladder cancer who smoked and had significantly higher overall and specific mortality
rates were those with Charlson Comorbidity Index (CCI)≥3 (overall: P = 0.0119; specific: P = 0.0092), diabetes mellitus (DM;
overall: P = 0.0046; specific: P = 0.0419), and non-muscle-invasive bladder cancer (NMIBC; overall: P = 0.0038; specific:
P = 0.0014).
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CONCLUSIONS: Overall and specific mortality rates were significantly higher in the ever-smoke group than
in the never-smoke group. The ever-smoke group with male sex, CCI ≥ 3, DM, and NMIBC had increased risks
for overall and specific mortality.

Keywords: Smoking, overall mortality, specific mortality, bladder cancer

INTRODUCTION

There are projected to be about 83,730 newly diag-
nosed bladder cancer patients in 2021 in the United
States [1]. Bladder cancer was ranked sixth among
all cancers in terms of incidence [1]. In addition,
the number of bladder cancer-specific deaths was
approximately 17,200, which ranked tenth among
all types of cancer [1]. In Taiwan, bladder cancer is
the ninth most common cancer, with approximately
1,600 new cases every year [2]. Cigarette smoking
exposure is a major risk factor for bladder cancer;
increasing the risk for bladder cancer by two- to four-
fold [3, 4]. A recent study found that about 50% of
young men and 10% of young women were smokers,
and relatively few quit [5]. In Taiwan, although the
government has implemented the 2009 Tobacco Haz-
ards Prevention Act, tax increases, and warnings on
tobacco packages, the smoking prevalence remains at
23.4% in men and 2.4% in women [2]. Thus, smok-
ing is a considerable burden to Taiwan’s health and
economy.

Approximately 75% of patients with bladder can-
cer are with diagnosed with non-muscle-invasive
bladder cancer (NMIBC) and are then treated with
transurethral resection of bladder tumor (TURBT)
followed by intravesical therapy [6]. In contrast,
muscle-invasive bladder cancer (MIBC), which
accounts for approximately 25% of newly diagnosed
bladder cancers, is usually treated with radical cys-
tectomy (RC) or trimodal therapy with maximal
transurethral resection of the bladder tumor followed
by concurrent chemoradiotherapy [6]. Continuous
smoking is an independent predictor of disease recur-
rence in patients with either NMIBC and MIBC [3, 7,
8]. Several studies have reported a high mortality rate
in patients who underwent RC [8, 9]. However, con-
clusive evidence of an association between smoking
and mortality in NMIBC is lacking [7, 10].

Smoking can significantly impact the clinical man-
agement bladder cancer. Therefore, we used the Tai-
wan’s National Health Insurance Research Database
to conduct a propensity score-matched study with a
long-term follow-up period. We compared the risk
for overall and specific mortalities associated with

bladder cancer patients who had a history of smoking
with matched cohorts using this nationwide database.

MATERIALS AND METHODS

Data source

Datasets from the Taiwan Cancer Registry (TCR),
the Taiwan’s National Health Insurance Research
Database (NHIRD), and the Taiwan’s Cause-of-
Death Database were used in this study. These claims
datasets were all from the Health and Welfare Data
Science Center (HWDC), an integrated health-related
database center. The TCR was established in 1979
to monitor Taiwan’s cancer incidence and mortality
rates. It includes information on individual demo-
graphics, cancer stages, cancer primary sites, tumor
histology, and treatment types. NHIRD is based on
Taiwan’s national health insurance program, which
includes detailed healthcare information of more than
99% of Taiwan’s population from 1996 to 2018.
For research purposes, the HWDC released the de-
identified claims to the public in an anonymous
format. This study was conducted in compliance with
the Declaration of Helsinki and has been approved by
the Research Ethics Committee of Chi Mei Hospital
(IRB no.11005-E01). In addition, patient informed
consent was waived by the Research Ethics Commit-
tee of Chi Mei Hospital.

Definitions of study subjects

Patients with bladder cancer between 2000 and
2017 were selected from the TCR using the Inter-
national Classification of Diseases for Oncology, 3rd
edition (ICD-O-3): C67. Smoking information was
included in the TCR from 2011; thus, patients who
were diagnosed with bladder cancer before 2011 were
excluded. In addition, patients with incomplete infor-
mation in the TCR were excluded from this study. A
flowchart summarizing the selection of study subjects
is presented in Fig. 1.
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Fig. 1. Flow chart.

Measurement

The primary outcome of this study was mortality.
Mortality was determined from the Cause-of-Death
Dataset. The mortality risk was estimated using two
endpoints: overall and cancer-specific mortalities.
The time for the overall mortality was set from the
date of bladder cancer diagnosis to the date of death,
regardless of the cause. Cancer-specific mortality was
defined as the cause of death due to bladder can-
cer. Considering the potential confounding effect of
smoking, each smoking case was propensity score-
matched by age, sex, and diagnosis year to one
control individual among bladder cancer patients.
The propensity score matching approach with a
greedy algorithm was estimated using a multivariable
logistic regression model to identify cases and con-
trols [11, 12]. An SAS (SAS Institute, USA) matching
macro, “%OneToManyMTCH,” was used for this
caliper matching of nearest-neighbor approach for the
first four to eight digits of propensity scores [13].

We followed up previous studies to find out the
factors that are likely to affect bladder cancer devel-
opment [14–17]. We separate the bladder cancer to
NMIBC and muscle-invasive bladder cancer (MIBC).
NMIBC was defined as patients with T stage 0 and 1
and MIBC was defined as patients with T stage 2, 3,
4, and metastasis.

Patients with comorbidities were defined as
patients with the diseases included below at least one

year before the diagnosis of bladder cancer. This def-
inition was based on the International Classification
of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes in Appendix 1. Comorbidities
included the following: myocardial infarction; con-
gestive heart failure, peripheral vascular disease,
cardiovascular disease, dementia, chronic obstructive
pulmonary disease, renal disease, diabetes mellitus,
hypertension, and liver disease.

Statistical analysis

Continuous variables are presented as means ±
standard deviations, while categorical variables are
presented as frequencies with percentages. The dis-
tribution differences between bladder cancer with
smoking and those without was compared using the
Student’s t-test for continuous variables and the Pear-
son’s chi-square test for categorical variables. The
trends of the overall and cancer-specific mortalities
were plotted using the Kaplan–Meier method with the
log-rank test to compare trend differences between
patients with a history of smoking and those without.
In addition, the Cox proportional regression model
was used to estimate the hazard ratios (HRs) of
the overall and cancer-specific mortalities. Adjusted
HRs were calculated from the multivariable Cox
regression with adjustment of age at diagnosis, sex,
body mass index (BMI), Charlson Comorbidity Index
(CCI) score, drinking, chewing betel nut, clinical
stage, treatment type, and comorbidities. The strat-
ified analysis was also presented to estimate the risk
ratios of the overall and cancer-specific mortalities
between bladder cancer patients with a smoking his-
tory and those without among different subgroups. To
avoid violation of the proportional hazards assump-
tion, the estimated HRs were checked using the
Schoenfeld residuals test. The SAS 9.4 (SAS Insti-
tute, Inc, Cary, NC, USA) was used to perform all
statistical analyses, while Stata software, version 12
(Stata Corp, College Station, TX, USA) was used to
illustrate the Kaplan–Meier curves. A P-value < 0.05
was set for statistical significance.

RESULTS

This study involved 9,456 patients who had blad-
der cancer after matching. The never-smoke and the
ever-smoke groups each included 4,728 patients. The
baseline characteristics of the never- and ever-smoke
groups are shown in Table 1. The mean age of patients
was 67.8 years. In addition, most of them were male
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Table 1
Comparison of demographic characteristics and underlying comorbidities between nonsmoker and smoker patients with bladder cancer

Before matching After matching

Never Smoking Ever Smoking P value Never Smoking Ever Smoking P value
(N = 10634) (N = 5034) (N = 4728) (N = 4728)

Variable, n(%)
Age, Mean ± SD 70.53 ± 12.26 66.70 ± 12.62 < 0.0001 67.80 ± 12.16 67.72 ± 12.22 0.7478
Age group

< 50 544(5.12) 425(8.44) < 0.0001 340(7.19) 329(6.96) 0.8350
50–59 1372(12.90) 1045(20.76) 810(17.13) 849(17.96)
60–69 2741(25.78) 1411(28.03) 1412(29.86) 1398(29.57)
70–79 3246(30.52) 1242(24.67) 1266(26.78) 1242(26.27)
> = 80 2731(25.68) 911(18.10) 900(19.04) 910(19.25)

Gender
Male 6251(58.78) 4889(97.12) < 0.0001 4584(96.95) 4583(96.93) 0.9524
Female 4383(41.22) 145(2.88) 144(3.05) 145(3.07)

Clinical stage
Non-muscle invasive 7127(67.02) 3378(67.10) 0.9180 3323(70.28) 3168(67.01) 0.0006

bladder cancer(NMIBC)
Muscle invasive bladder 3507(32.98) 1656(32.90) 1405(29.72) 1560(32.99)

cancer(MIBC)
CCI

0 4966(46.70) 2776(55.15) < 0.0001 2485(52.56) 2525(53.41) 0.4595
1–2 3910(36.77) 1647(32.72) 1608(34.01) 1607(33.99)
> =3 1758(16.53) 611(12.14) 635(13.43) 596(12.61)

Comorbidity
Myocardial infarction 128(1.20) 89(1.77) 0.0048 66(1.4) 87(1.84) 0.0870
Congestive heart failure 510(4.80) 183(3.64) 0.0010 178(3.76) 180(3.81) 0.9142
Peripheral vascular disease 150(1.41) 74(1.47) 0.7698 68(1.44) 73(1.54) 0.6714
Cardiovascular disease 1033(9.71) 468(9.30) 0.4072 430(9.09) 465(9.84) 0.2189
Dementia 485(4.56) 133(2.64) < 0.0001 154(3.26) 131(2.77) 0.1665
Chronic Obstructive 914(8.60) 614(12.20) < 0.0001 380(8.04) 609(12.88) < 0.0001

Pulmonary Disease
Renal disease 2229(20.96) 570(11.32) < 0.0001 729(15.42) 555(11.74) < 0.0001
Diabetes mellitus 2793(26.26) 1217(24.18) 0.0051 1204(25.47) 1181(24.98) 0.5860
Hypertension 3949(37.14) 1663(22.04) < 0.0001 1690(35.74) 1601(33.86) 0.0547
Liver disease 671(6.31) 287(5.70) 0.1375 316(6.68) 268(5.67) 0.0403

Treatment
Operation 10182(95.75) 4864(96.62) 0.0089 4566(96.57) 4565(96.55) 0.9550
Radiotherapy 985(9.26) 449(8.92) 0.4864 393(8.31) 431(9.12) 0.1659
Chemotherapy 1354(12.73) 750(14.90) 0.0002 628(13.28) 698(14.76) 0.0382
RT or CT 1864(17.53) 951(18.89) 0.0380 803(16.98) 896(18.95) 0.0127

Drinking 82(0.77) 708(14.06) < 0.0001 55(1.16) 683(14.45) < 0.0001
Chewing betel nut 66(0.62) 895(17.78) < 0.0001 44(0.93) 828(17.51) < 0.0001
BMI

< 18.5 955(8.98) 338(6.71) < 0.0001 295(6.24) 329(6.96) 0.3104
18.5 to 25 5625(52.90) 2618(52.01) 2447(51.76) 2456(51.95)
≥25 4054(38.12) 2078(41.28) 1986(42.01) 1943(41.10)

Time to follow up, Mean ± SD 2.42 ± 1.89 2.60 ± 1.89 < 0.0001 2.65 ± 1.92 2.55 ± 1.88 0.0157
Overall mortality 2945(27.69) 1340(26.62) 0.1586 1137(24.05) 1294(27.37) 0.0002

Time to death, Mean ± SD 1.47 ± 1.35 1.64 ± 1.41 0.0004 1.65 ± 1.40 1.64 ± 1.42 0.7919
Cancer specific mortality 1572(14.78) 684(13.59) 0.0466 579(12.25) 657(13.9) 0.0173

Time to death, Mean ± SD 1.23 ± 1.12 1.41 ± 1.22 0.0013 1.39 ± 1.17 1.41 ± 1.23 0.7115

(96.9%). Moreover, patients who were ever smok-
ers showed a higher incidence of drinking wine and
consuming betel nut than those who were never smok-
ers (14.45% and 17.51%, respectively; P < 0.0001).
More patients who were ever smokers were at the last
clinical cancer stages (2, 3, 4; MIBC) compared to
those who were never smokers (32.99% vs. 29.72%;

P = 0.0006). Overall and specific mortality rates were
significantly higher in patients who were ever smok-
ers than in those who were never smokers (overall,
27.37% vs. 24.05%; P = 0.0002; specific, 13.9% vs.
12.25%; P = 0.0173).

Table 2 displays the finding that smoking is an
independent risk factor for the overall and specific
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Fig. 2. Kaplan-Meier plot of overall mortality among never smok-
ers and ever smokers.

mortalities in patients with bladder cancer. The over-
all mortality rate in the patients who were ever
smokers was 1.15-fold (95% confidence interval [CI],
1.06–1.26, P = 0.0014) adjusted HR compared with
that of those who were never smokers. In addition,
the specific mortality rate of the patients who were
ever smokers was 1.16-fold (95% CI, 1.03–1.30,
P = 0.0176) adjusted HR compared with those who
were never smokers. The result was compatible with
the Kaplan–Meier plotted the trend of overall and
specific mortality between never smokers and ever
smokers, as shown in Fig. 2. The overall and spe-
cific mortality rates were significantly higher in the
patients who were ever smokers than in those who
were never smokers (log-rank test, P = 0.0001 and
P = 0.0083, respectively) during the follow-up period.

Table 2 also summarizes the risk factors for the
overall and specific mortality rates of patients with
bladder cancer. There was a significantly higher
overall mortality rate in patients with bladder can-
cer with an underweight BMI {< 18.5; adjusted HR
(95% CI): 1.65 (1.46–1.87); P < 0.0001}, a higher
CCI {1–2 or ≥ 3; adjusted HR (95% CI): 1.14

(1.01–1.29), 1.28 (1.04–1.59); P = 0.0315 and 0.023},
and MIBC {adjusted HR (95% CI): 3.40 (3.09–3.73);
P < 0.0001}. In addition, there was a significantly
higher cancer-specific mortality rate in bladder can-
cer patients with an underweight BMI {< 18.5;
adjusted HR (95% CI): 1.54 (1.29–1.84); P < 0.0001},
and MIBC {adjusted HR (95% CI): 6.71 (5.82–7.74);
P < 0.0001}.

Table 3 shows the risk factors for the overall
and specific mortalities associated with ever-smoke
bladder cancer patients. Compared with never-smoke
male patients, ever-smoke male patients exhibited
a 1.16-fold and 1.17-fold adjusted HRs of over-
all and specific mortality rates (P = 0.0007 and
0.0145, respectively). Ever-smoke bladder cancer
patients also had an increased overall and specific
mortality rates by 1.31-fold and 1.55-fold adjusted
HRs compared with non-smoking bladder cancer
patients among those with a CCI ≥ 3 (P = 0.0119
and 0.0092, respectively). Moreover, ever-smoke
NMIBC patients exhibited a 1.21-fold and a 1.47-fold
adjusted HRs for the overall and specific mortality
rates compared with those of never-smoke patients
(P = 0.0038 and 0.0014, respectively). Furthermore,
we followed up comorbidity risks for bladder can-
cer; results are listed in Appendix 2. Having DM
resulted in a 1.27-fold and a 1.28-fold adjusted HRs
in the overall and specific mortality of ever-smoke
patients (P = 0.0046 and 0.0419, respectively). Hav-
ing hypertension also resulted in a 1.19-fold adjusted
HRs in the overall mortality of ever-smoke patients
(P = 0.0105). Regardless of the subsequent treatment
for patients with bladder cancer, smoking increased
the risk for overall mortality, and significant differ-
ences exist in operation and chemotherapy. (1.10-fold
and 1.25-fold in the overall mortality, respectively;
P = 0.0387 and 0.0163).

DISCUSSION

Bladder cancer is a common cancer worldwide.
Previous studies reported that cigarette smoking may
lead to a large primary tumor size, a higher clin-
ical stage, and a higher pathological grade upon
initial diagnosis of bladder cancer [18, 19]. In addi-
tion, smoking also contributes to the development
of bladder cancer [3, 4] and influences outcomes.
Over the past few years, several reviews inves-
tigated the course of smoking-influenced bladder
cancer [7–10]. However, most studies investigated the
oncological outcomes in patients receiving TURBT
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Table 2
Overall risk factor analysis of overall or specific mortality for patients with bladder cancer

Overall mortality Specific mortality

Crude HR p-value Adjusted HR p-value Crude HR p-value Adjusted HR p-value
(95% CI) (95% CI) (95% CI) (95% CI)

Smoking
Never Ref. Ref. Ref. Ref.
Ever/ Current 1.17(1.08–1.27) < 0.0001 1.15(1.06–1.26) 0.0014 1.16(1.04–1.30) 0.0085 1.16(1.03–1.30) 0.0176

Drinking
Never Ref. Ref. Ref. Ref.
Ever/ Current 1.42(1.24–1.62) < 0.0001 1.05(0.91–1.22) 0.4963 1.15(0.94–1.41) 0.1725 0.84(0.67–1.05) 0.1190

Chewing betel nut
Never Ref. Ref. Ref. Ref.
Ever/ Current 1.09(0.95–1.25) 0.2159 1.08(0.93–1.25) 0.3253 1.08(0.90–1.31) 0.4091 1.04(0.85–1.29) 0.6855

BMI
< 18.5 2.15(1.90–2.42) < 0.0001 1.65(1.46–1.87) < 0.0001 2.08(1.75–2.48) < 0.0001 1.54(1.29–1.84) < 0.0001
18.5–25 Ref. Ref. Ref. Ref.
≥25 0.60(0.55–0.66) < 0.0001 0.70(0.64–0.77) < 0.0001 0.63(0.56–0.72) < 0.0001 0.75(0.66–0.75) < 0.0001

CCI
0 Ref. Ref. Ref. Ref.
1–2 1.63(1.50–1.79) < 0.0001 1.14(1.01–1.29) 0.0315 1.28(1.13–1.45) < 0.0001 1.04(0.88–1.24) 0.6406
> =3 2.68(2.40–2.99) < 0.0001 1.28(1.04–1.59) 0.0230 1.69(1.43–1.99) < 0.0001 1.03(0.75–1.42) 0.8596

Comorbidity
MI 1.30(0.98–1.73) 0.0713 0.97(0.72–1.31) 0.8582 1.00(0.64–1.57) 1.0000 0.88(0.55–1.41) 0.6021
CHF 2.39(2.03–2.80) < 0.0001 1.65(1.39–1.97) < 0.0001 1.81(1.41–2.33) < 0.0001 1.59(1.21–2.08) 0.0009
PVD 1.72(1.30–2.27) 0.0001 1.26(0.94–1.67) 0.1172 1.35(0.88–2.08) 0.1689 1.19(0.77–1.86) 0.4337
CVD 1.71(1.53–1.92) < 0.0001 1.17(1.02–1.34) 0.0213 1.31(1.09–1.56) 0.0031 1.06(0.86–1.31) 0.5621
Dementia 2.62(2.21–3.09) < 0.0001 1.53(1.28–1.84) < 0.0001 2.48(1.95–3.14) < 0.0001 1.86(1.43–2.41) < 0.0001
COPD 1.81(1.62–2.02) < 0.0001 1.09(0.95–1.24) 0.2213 1.43(1.21–1.69) < 0.0001 1.03(0.84–1.25) 0.8092
Renal disease 1.82(1.65–2.02) < 0.0001 1.50(1.29–1.74) < 0.0001 1.41(1.21–1.64) < 0.0001 1.40(1.12–1.74) 0.0035
DM 1.28(1.17–1.40) < 0.0001 1.15(1.05–1.27) 0.0044 1.19(1.05–1.35) 0.0057 1.18(1.03–1.35) 0.0209
Hypertension 1.25(1.15–1.25) < 0.0001 1.00(0.91–1.08) 0.9133 1.10(0.98–1.23) 0.1121 0.95(0.84–1.08) 0.4452
Liver disease 1.19(1.02–1.40) 0.0318 1.25(1.05–1.49) 0.0122 0.76(0.57–1.00) 0.0462 0.91(0.68–1.23) 0.5320

Treatment
OP 0.25(0.22–0.29) < 0.0001 0.45(0.38–0.52) < 0.0001 0.22(0.18–0.26) < 0.0001 0.46(0.38–0.56) < 0.0001
RT 3.04(2.74–3.37) < 0.0001 1.06(0.94–1.19) 0.3711 4.62(4.07–5.26) < 0.0001 1.23(1.07–1.42) 0.0039
CT 2.31(2.10–2.54) < 0.0001 1.22(1.10–1.36) 0.0002 3.78(3.36–4.25) < 0.0001 1.42(1.24–1.62) < 0.0001

Clinical stage
NMIBC Ref. Ref. Ref. Ref.
MIBC 3.91(3.61–4.24) < 0.0001 3.40(3.09–3.73) < 0.0001 8.64(7.61–9.83) < 0.0001 6.71(5.82–7.74) < 0.0001

∗MI: Myocardial infarction; CHF: Congestive heart failure; PVD: Peripheral vascular disease; CVD: Cardiovascular disease; COPD: Chronic Obstructive Pulmonary Disease; DM: Diabetes
mellitus, OP: Operation;RT: Radiotherapy;CT: Chemotherapy; NMIBC: non-muscle invasive bladder cancer; MIBC: muscle invasive bladder cancer. ∗∗ Adjusted for clinical stage, smoking,
drinking, chewing betel nut, BMI, CCI, comorbidity(include MI, CHF, PVD, CVD, Dementia, COPD, Renal disease, DM, Hypertension and liver disease) and treatment(include OP, RT and CT).



C.-H. Ho et al. / Risk of Smoking in Bladder Cancer 135

Table 3
Comparison of the risk for overall or specific mortality between nonsmoker and smoker patients with bladder cancer stratified by gender,

age group, CCI and clinical stage

Overall mortality Specific mortality

Smoker Death Adjusted HR p-value Death in BC Adjusted HR p-value
(95% CI) (95% CI)

Overall 4728 1294 1.15(1.06–1.26) 0.0014 657 1.16(1.03–1.30) 0.0176
Stratified
Gender

Male 4583 1255 1.16(1.07–1.27) 0.0007 636 1.17(1.03–1.32) 0.0145
Female 145 39 0.90(0.50–1.61) 0.7113 21 0.97(0.45–2.09) 0.9323

Age group
< 50 329 28 0.80(0.45–1.42) 0.4458 20 0.81(0.42–1.54) 0.5175
50–59 849 116 1.10(0.82–1.47) 0.5358 77 1.06(0.74–1.51) 0.7718
60–69 1398 274 1.20(0.99–1.45) 0.0619 151 1.27(0.98–1.65) 0.0681
70–79 1242 407 1.20(1.03–1.40) 0.0223 207 1.24(1.00–1.55) 0.0548
> =80 910 469 1.13(0.98–1.30) 0.0196 202 1.05(0.85–1.30) 0.6798

CCI
0 2525 559 1.13(1.00–1.29) 0.0588 330 1.13(0.96–1.34) 0.1546
1–2 1607 490 1.08(0.94–1.24) 0.2837 229 1.04(0.85–1.27) 0.7157
> =3 596 245 1.31(1.06–1.61) 0.0119 98 1.55(1.12–2.15) 0.0092

Clinical stage
NMIBC 3168 566 1.21(1.06–1.38) 0.0038 177 1.47(1.16–1.86) 0.0014
MIBC 1560 728 1.11(0.99–1.25) 0.0694 480 1.07(0.93–1.23) 0.3544

∗MI: Myocardial infarction; CHF: Congestive heart failure; PVD: Peripheral vascular disease; CVD: Cardiovascular disease; COPD: Chronic
Obstructive Pulmonary Disease; DM: Diabetes mellitus, OP: Operation;RT: Radiotherapy;CT: Chemotherapy; NMIBC: non-muscle invasive
bladder cancer; MIBC: muscle invasive bladder cancer. ∗∗ Adjusted for clinical stage, smoking, drinking, chewing betel nut, BMI, CCI,
comorbidity (include MI, CHF, PVD, CVD, Dementia, COPD, Renal disease, DM, Hypertension and liver disease) and treatment(include
operation, radiotherapy and chemotherapy).

operations NMIBC or RC in MIBC. They only
reported that cigarette smoking exposure increased
the risk of disease recurrence. Conclusive evidence
to support the relationship of smoking and the over-
all or cancer-specific mortality remains lacking. In
the present study, the ever-smoke patients had higher
clinical stages at initial diagnosis of bladder can-
cer (P = 0.0006) and had significantly worse overall
and specific mortality rates (P = 0.002 and 0.017,
respectively) compared with never-smoke patients.
Subgroup analyses of NMIBC and MIBC revealed
that the patients who were ever smokers had signif-
icantly increased overall and specific mortality rates
(P = 0.0039 and 0.0015, respectively) in NMIBC.
Although patients with MIBC who were ever smokers
had a similar outcome that increased by 1.12-fold in
terms of overall mortality and by 1.07-fold in terms
of cancer-specific mortality, the difference was not
significant (P = 0.0553 and 0.3669, respectively). As
shown in Appendix 3, the patients who were ever
smokers receiving TURBT in NMIBC had worse
overall and cancer-specific mortality rates compared
with patients who were never smokers (P = 0.0069
and 0.0026, respectively). Cigarette smoking exerted
no significant influence on any treatment in MIBC.
In general, bladder cancer is a complex and heteroge-
neous disease. Subset analyses of particular clinical

stages with different treatment modalities are cur-
rently lacking. Therefore, several study-related and
general limitations should be addressed in future
research.

Urologists must identify risk factors that can pre-
dict cancer progression, including cancer-specific
and all-cause mortality rates, to help in patient
counseling and to select further treatment [14, 15].
The present study identified risk factors for over-
all and cancer-specific mortalities associated with
bladder cancer patients who were ever-smokers.
They had a significantly higher overall and cancer-
specific mortality rates, especially men, those with
a CCI ≥ 3, those with a DM comorbidity, and those
with NMIBC. Factors for sex differences in bladder
cancer incidence and survival, which was higher in
men, were related to a few factors likely acting in
combination, such as differences in access to health
care, delayed diagnosis probably due to hematuria,
or lower urinary tract symptoms being attributed to
cystitis in women, occupational exposure, and smok-
ing patterns [16, 17]. We identified several studies of
sex-specific differential effects of smoking in patients
with bladder cancer treated with TURBT or RC. In
a cohort of 286 patients, Fleshner et al.[20] deter-
mined that continued smoking in men was associated
with a diminished time to recurrence (HR: 1.40;
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95% CI, 1.03–1.91) and diminished survival free of
adverse events (P = 0.14). Rink et al. [8] reported
that female smokers receiving RC for bladder can-
cer were more likely to experience disease recurrence
(HR: 1.58, P < 0.001), cancer-specific mortality (HR:
1.67, P < 0.001), and any cause mortality (HR: 1.63,
P < 0.001) compared with their male counterparts.
These findings suggested that the effects of smoking
on patient outcomes occurred more in one sex com-
pared with the other [21]. In the present study, for
the higher smoking prevalence rate of men in Taiwan
(males: 23.4% and females: 2.4%) [2], we adjusted
for confounding factors such as age and sex by using
the multivariate analysis step-bystep to reduce these
biases. As shown in Table 2, women with bladder can-
cer had higher overall and specific mortality rates than
men, but there was no significant difference. How-
ever, ever-smoke men with bladder cancer showed
significantly higher overall and specific mortality
rates than their never-smoke counterparts, as shown
in Table 3 (P = 0.0007 and 0.0145, respectively).

The CCI is a tool used for calculating comorbidi-
ties and therefore mortality risk. For bladder cancer,
a higher CCI was associated with a higher mortal-
ity rate [22]. Ever-smoke patients had a significantly
higher mortality rate. DM was also a risk factor for
bladder cancer. It was associated with cancer inci-
dence and poor prognosis [23–25]. In the present
study, bladder cancer patients with DM who were
ever-smokers had a multiplier effect, which signif-
icantly increased the overall and specific mortality
rates.

Several large cohorts and case–control studies
noted that smoking cessation enabled an immediate
decrease in risk for bladder cancer [26]. Smoking ces-
sation and the time since quitting favorably affected
the risk for bladder cancer incidence and the prog-
nosis [8, 27]. For many patients, a cancer diagnosis
motivated them to successfully quit smoking. Patients
with bladder cancer were often willing to quit smok-
ing with the help of their physicians [28]. A survey of
601 urologists found that more than half of them never
discussed smoking cessation with their patients, and
almost one in four believed that cessation did not
impact disease prognosis [29]. Appropriate patient
education and physician meetings may increase the
probability to quit smoking, improve outcomes, and
enhance the quality of life [30]. Urologists must focus
on smoking cessation and help patients stop smoking
as soon as possible.

This study has several limitations. The retrospec-
tive nationwide database did not contain detailed

smoking information, such as smoking duration, age
of first exposure, number of cigarettes smoked, date
of cessation, tobacco type, and whether smoking
cessation occurred after diagnosis [27–32]. Tumor-
related information was also lacking, including tumor
histological data, different treatments in each stage,
and recurrence condition. Further, some risk fac-
tors that are often associated with bladder cancer
were unable to be included, such as environmental
exposure, family history, and socioeconomic status
[33, 34]. Due to the small proportion of women
with bladder cancer [1] and the low population
of female smoking in Taiwan [2], there were few
female patients after matching in our study. Regard-
ing women, the correlation between smoking and
mortality will need to be investigated further in the
future. Last, all patients were treated in the Taiwanese
medical system, indicating a potential lack of gen-
eralizability, although some studies have confirmed
the accuracy of the information in Taiwan’s National
Health Insurance Research Database [35], and some
topics which were discussed in our study have been
published internationally, such as bladder cancer [36]
and smoking [37].

In conclusion, smoking behavior directly con-
tributes to the increased overall and cancer-specific
mortality rates of patients with bladder cancer. It is
also a risk factor along with other factors such as a
male sex, a CCI ≥ 3, a DM comorbidity, and NMIBC.
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