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Abstract

Purpose The previous epidemiological studies about the associations between obesity and bladder cancer risk have reported
inconsistent results. Therefore, we analyzed whether the abdominal obesity effected on the risk of developing bladder cancer
according to body mass index (BMI) using nationally representative data from the National Health Insurance System (NHIS).
Patients and methods Among people who underwent at least one health examination from 2009 to 2012 in Korea, 11,823,876
men without a previous diagnosis of bladder cancer were followed up until December 2015. Multiple Cox regression analysis
was conducted to determine the hazard ratio (HR) and 95% confidence interval (CI) for the association between bladder
cancer and BMI or waist circumference (WC).

Results Significant upward trends in the risk of bladder cancer were observed with increasing BMI or WC according to the
multivariate-adjusted model. However, the association between BMI and bladder cancer is influenced by the presence of
abdominal obesity. In the group with WC <90 cm, there was no significant change in the HRs for bladder cancer develop-
ment beyond the reference BMI. In contrast, the HRs for bladder cancer showed statistically significant increase as the BMI
increased beyond the reference BMI in the group with WC > 90 cm.

Conclusion This population-based study showed that increasing BMI and increasing WC were risk factors for developing
bladder cancer in men, independent of confounding variables. However, there was a discrepancy in the trend of bladder
cancer development according to BMI between the groups with abdominal obesity and without abdominal obesity.
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Introduction

Bladder cancer is the 11th most frequently diagnosed can-
cer worldwide [1]. In Korea, bladder cancer is the 8th most
frequent cancer in males and the number of new cases con-
B4 U-Syn Ha tinued to increase from 2235 cases in 2000 to 3949 cases in

ushamd @catholic.ac.kr 2014 with a male-to-female ratio of approximately 4:1 [2].
Tobacco smoking, which is associated with 30% of cases
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ney, colorectal, prostate, endometrial, and postmenopausal
breast cancers [7, 8]. Associations between obesity and
bladder cancer risk have also been reported in the past few
decades. Most studies have used body mass index (BMI)
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to investigate the relationship between obesity and bladder
cancer risk. However, these epidemiological studies have
reported inconsistent results [8, 9].

We thought that these discrepancies might be due to the
fact that BMI does not measure body fat directly. Although
a large majority of individuals with high BMI have excess
body fat, in some cases such as athletes, high BMI is due to
muscle mass. Conversely, people with metabolically obese
normal weight (MONW) and excess visceral fat might have
a normal MI. In fact, waist circumference (WC) has been
reported as a better measure of visceral and abdominal fat
distribution than BMI in cardiovascular disease [10].

In our previous study using the National Health Insurance
Service (NHIS) database, we already found that increas-
ing age, BMI, smoking status, dyslipidemia, diabetes, and
hypertension were risk factors [11]. Therefore, in this study,
we examined the association between obesity and bladder
cancer in men based on both BMI and WC using the NHIS
database for the entire male population of Korea.

Patients and methods
Data source

We used the national health claims database from the NHIS
of Korea [12]. The NHIS contains extensive health infor-
mation for 97.1% of the Korean population. The remain-
ing approximately 3% of the population is covered by the
Medical Aid program due to low income. Information on the
Medical Aid program has also been included in the NHIS
database since 2006. Consequently, the NHIS database is
thought to include data from the entire Korean population
[13].

In the present study, the insurance claim code based on
the International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) was searched. Bladder
cancer is coded C67. The Korean government has declared
a plan to radically enhance the benefits coverage for four
major conditions (cardiovascular diseases, cerebrovascular
diseases, rare diseases, and cancers). Therefore, all cancer
patients are considered to be enrolled in this database. The
patient names and identification numbers were anonymized
to protect individual privacy.

The Korean Health Examination database was used to
obtain information about BMI, WC, and other confounding
variables. A general health examination is not mandatory in
Korea, but it is almost semi-mandatory for office employ-
ees, local household owners, and members of households.
Patients were not covered by insurance if they did not get a
health check-up. We used the linked NHIS database for the
same patients to evaluate the development of bladder cancer.
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Additionally, hypertension was defined as follows: a
previous hypertension diagnosis (I110-13, I15) from the
ICD-10-CM, blood pressure > 140/90 mmHg, or a history
of taking antihypertensive drugs. Diabetes was identified
by the diagnostic codes E10-14, a fasting serum glucose
level > 126 mg/dl, or a self-reported medical history of dia-
betic drugs. Additionally, dyslipidemia was identified by the
diagnostic code E78, a total cholesterol level > 240 mg/dl,
or self-reported use of lipid-lowering drugs. Alcohol con-
sumption status was categorized into three groups: nondrink-
ers, mild-to-moderate drinkers who drank less than 30 g of
alcohol a day, and heavy drinkers who drank more than 30 g
of alcohol a day. Smoking status was also categorized as
nonsmoker, current smoker, and ex-smoker. People were
categorized as performing exercise regularly if they replied
“Yes” to the question, “Did you exercise (running, aerobics,
high-speed cycling, mountain hiking, etc.) for over 20 min
until you were almost out of breath during the last week?”

WC was measured midway between the lower rib margin
and the iliac crest in a standing position. The WC cutoff
value for abdominal obesity was >90 cm for men [14]. We
used the following BMI categories: underweight (under
18.5); normal weight (18.5-22.9); overweight (23-24.9);
obese class 1 (25-29.9); and obese class 2 (over 30) from
the Korean Society for the Study of Obesity [15].

Study population

Of the 45,850,458 people who underwent at least one health
examination from 2009 to 2012, those aged <20 years
(n=281,120) were excluded because bladder cancer is rare
in this age group. Information regarding WC and BMI was
reported in health examination databases. After excluding
people with missing WC or BMI data from health examina-
tion databases (n=628,528), duplicates (n=21,787,540),
people with bladder cancer diagnosed before January
2009 (n=14,445), and women (n=11,484,949), a total of
11,823,876 men without a previous diagnosis of bladder
cancer were followed from the January 2009 to the Decem-
ber 2015. Events that did not occur during the follow-up
time were censored, and Cox regression analysis was used
for these censored data. The percentage of missing values
was approximately 10% for the variables. Sensitivity analy-
sis was used to handle these missing data. The study design
and patient characteristics are shown in Fig. 1.

Statistical analysis

SAS version 9.4 (SAS Institute, Cary, NC, USA) was used.
The data are presented as the mean + standard deviation
(SD) or proportion for continuous or categorical variables,
respectively. Incidence rates are expressed as the number
per 100,000 person-years. Multiple Cox regression analysis
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Fig.1 Study design and dispo-
sition of subjects

Subjects who underwent health examination at least one time from 2009-2012 (n=45,850,458)

Excluding: subjects aged <20 years (n=81,120) —

Excluding: those have missing data in health
examination (n=22,446,068)

Excluding: those with bladder cancer diagnosed
before 2009 (n=14,445)

Subjects 220 years old and without bladder cancer (n=23,308,825)

Male (n=11,823,876)

Female (n=11,484,949)

WC < 90cm (n=9,186,940)
WC = 90cm (n=2,636,936)

WC < 85cm (n=9,421,152)
WC = 85¢cm (n=2,063,797)

Develop bladder cancer in 2009-2012
(n=17,847)

Develop bladder cancer in 2009-2012
(n=3,900)

was conducted to examine the hazard ratio (HR) and 95%
confidence interval (CI) for the association between bladder
cancer and obesity relative to the reference (patients with
BMI 18.5-22.9 kg/m?* or WC 85-90 cm). Calculations were
made by adjusting for age in Model 1 and for age, diabetes,
smoking status, exercise, and alcohol consumption in Model
2. The analyses of age- and multivariable-adjusted HRs for
bladder cancer according to BMI stratified by abdominal
obesity (WC <90 cm and >90 cm) were also presented for
each model. P values were used to assess linear trends in the
HRs and interactions between BMI and WC. A value less
than 0.05 was considered statistically significant.

Results

During 64,069,297.93 person-years of follow-up, 17,847
incident cases of bladder cancer developed between the
beginning of 2009 and the end of 2015, and the incidence
rate was 0.27 per 100,000 person-years.

General characteristics according to abdominal
obesity

The general patient characteristics of the bladder cancer
study cohort are summarized in Table 1. Among a total of
11,823,876 men, approximately 0.2% of the population cat-
egorized as WC > 90 cm was diagnosed with bladder cancer,
while approximately 0.14% of the population categorized
as WC <90 cm was diagnosed with bladder cancer. In the
obese group, which was characterized by a BMI over 25,

23.2% were categorized as WC <90 cm, while approxi-
mately 14% of the men categorized as WC >90 cm had a
normal weight according to the BMI.

Risk of bladder cancer increases with increasing BMI
orWC

Increasing BMI and increasing WC were risk factors for
bladder cancer development in men. The HR for bladder
cancer was lowest in people with a BMI < 18.5 and high-
est in those with 25.0 <BMI < 30. A significant increas-
ing trend in the risk of bladder cancer was observed with
increasing BMI in the multivariate-adjusted model (P for
trend < 0.001; Fig. 2). The HR for bladder cancer was low-
est in people with a WC <80 cm and highest in those with
WC 2> 100 cm in both models. A significant increasing trend
in the risk of bladder cancer was observed with increasing
WC in the multivariate-adjusted model (P for trend < 0.001;
Fig. 3). Table 2 shows the incidence rate of bladder cancer
per 100,000 person-years and the HRs for bladder cancer
according to BMI or WC.

Impact of abdominal obesity on the association
between BMI and bladder cancer development

There was a significant interaction between BMI and
WC in the development of bladder cancer (P for interac-
tion < 0.001; Table 3). Therefore, there was a discrepancy
in the trend of bladder cancer development according
to BMI between the groups with abdominal obesity and
without abdominal obesity. In the group with WC <90 cm,
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Table 1 Clinical characteristics

. . . WC (cm) WC<90 WC>90 Total
of population according to waist
circumference in males No. in population 9,186,940 2,636,936 11,823,876
No. of diagnosed bladder 12,456 (0.14) 5391 (0.2) 17,847 (0.15)
cancer cases
Age, years 45.7+14.10 49.1+13.70 46.45+13.85
Age>65 1,034,297 (11.26) 399,236 (15.14) 1,433,533 (12.12)
BMI (kg/m?) 23.19+2.45 27.56 £2.60 24.16+£2.51
<18.5 280,894 (3.06) 910 (0.03) 281,804 (2.38)
18.5-22.9 3,930,900 (42.79) 54,641 (2.07) 3,985,541 (33.71)
23.0-24.9 2,843,385 (30.95) 314,385 (11.92) 3,157,770 (26.71)
25.0-29.9 2,103,428 (22.9) 1,844,574 (69.95) 3,948,002 (33.39)
>30 28,333 (0.31) 422,426 (16.02) 450,759 (3.81)
Smoking status
Non 2,854,602 (31.07) 786,301 (29.82) 3,640,903 (30.79)
Former 2,170,963 (23.63) 749,583 (28.43) 2,920,546 (24.70)
Current 4,161,375 (45.3) 1,101,052 (41.75) 5,262,427 (44.51)

Alcohol consumption
None
Mild to moderate
Heavy
Regularly exercise
Hypertension
Dyslipidemia
Diabetes

3,064,755 (33.36)
5,081,830 (55.32)
1,040,355(11.32)
5,142,550 (55.98)
2,146,147 (23.36)
1,396,777 (15.2)
809,723 (8.81)

875,899 (33.22)
1,372,006 (52.03)
389,031(14.75)
1,448,889 (54.95)
1,166,636 (44.24)
721,192 (27.35)
461,394 (17.5)

3,940,654 (33.33)
6,453,836 (54.58)
1,429,386 (12.09)
6,591,439 (55.75)
3,312,783 (28.02)
2,117,969 (17.91)
1,271,117 (10.75)

Data are presented as the mean=+ SD, or % (SD)

WC waist circumference, BMI body mass index, SD standard deviation

P for trend < 0.001

1.5 1.5
P for trend < 0.001
1.4 1.4
1.3 1.3
1.2 12
H H id
R 1.1 R 2
1 i
0.9 0.9
0.8 0.8
0.7 0.7
BMI<18.5 18.5-23 23-25 25-30 230

Fig.2 Hazard ratio of bladder cancer according to body mass index
in the multivariate-adjusted model (adjusted for age, diabetes, smok-
ing status, exercise, and alcohol consumption). The error bars repre-
sent the upper and lower limits of the 95% confidence interval

there was no significant change in the HRs for bladder
cancer development beyond the reference BMI in the
multivariable-adjusted models. The HRs (95% CI) were
1.05 (0.99, 1.10) in the obese group, which was character-
ized by a BMI over 25, and 0.96 (0.59, 1.54) in the class
2 obese group, which was characterized by a BMI over
30. However, in the group with WC >90 cm, the HRs for
bladder cancer increased as the BMI increased beyond the
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WC <80 80-85 85-90 90-95 95-100 >100

Fig.3 Hazard ratio of bladder cancer according to waist circumfer-
ence in the multivariate-adjusted model (adjusted for age, diabetes,
smoking status, exercise, and alcohol consumption). The error bars
represent the upper and lower limits of the 95% confidence interval

reference BMI. The HRs (95% CI) were 1.19 (1.03, 1.39)
in the overweight group, which was characterized by a
BMI over 23, and 1.24 (1.07, 1.42) in the obese group,
which was characterized by a BMI over 25. Figure 4 shows
the HR for bladder cancer according to BMI when strati-
fied by abdominal obesity in the multivariable-adjusted
model.
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Table2 Age- and multivariate-adjusted HRs for bladder cancer according to BMI and WC in males
Event Person-years Incidence* HR (95% confidence interval)
Model 17 P for trend Model 2* P for trend
BMI (kg/m?)
<18.5 575 1,464,863.71 0.39 0.96 (0.88, 1.05) < 0.001 0.93 (0.86, 1.02) < 0.001
18.5-22.9 6075 21,564,902.41 0.28 Ref. Ref.
23.0-24.9 4933 17,220,444.57 0.29 1.09 (1.05, 1.13) 1.11 (1.07, 1.15)
25.0-29.9 5847 21,428,026.27 0.27 1.16 (1.12, 1.20) 1.19 (1.15, 1.23)
>30 417 2,391,060.97 0.17 1.15 (1.04, 1.27) 1.17 (1.06, 1.30)
WC (cm)
<80 3833 18,658,970.36 0.21 0.85 (0.81, 0.88) < 0.001 0.84 (0.80, 0.87) < 0.001
80-85 4260 16,811,410.64 0.25 0.94 (0.91, 0.98) 0.94 (0.90, 0.98)
85-90 4363 14,417,227.35 0.30 Ref. Ref.
90-95 3256 8,683,780.60 0.37 1.12 (1.07, 1.17) 1.12 (1.07, 1.17)
95-100 1419 3,644,185.02 0.39 1.13 (1.06, 1.20) 1.12 (1.06, 1.20)
>100 716 1,853,723.95 0.39 1.20 (1.11, 1.30) 1.18 (1.09, 1.28)

BMI body mass index, WC waist circumference, HR hazard ratio

*All rates are expressed as number per 100,000 person-years

T Adjusted for age

1EAdjusted for age, diabetes, smoking status, exercise, and alcohol consumption

Tal?le 3 Age- and multivariable- WC (cm) BMI (kg/mz) Event Person-years Incidence* HR (95% confidence interval)
adjusted HRs for bladder cancer
according to BMI stratified by Model 17 Model 2*
abdominal obesity in males
WC<90 <18.5 567 1,460,297.27 0.39 0.96 (0.88, 1.05) 0.93 (0.85,1.01)
18.5-22.9 5862  21,278,296.41 0.28 Ref. Ref.
23.0-24.9 3882 15,527,111.01 0.25 1.05 (1.01, 1.10) 1.08 (1.04, 1.13)
25.0-29.9 2128 11,469,817.26 0.19 1.01 (0.96, 1.06) 1.05(0.99, 1.11)
>30 17 152,086.41 0.11 0.92 (0.57, 1.49) 0.96 (0.59, 1.54)
WC>90 18.5-22.9 213 286,606.00 0.74 Ref. Ref.
23.0-24.9 1051 1,693,333.56 0.62 1.18 (1.02, 1.37) 1.19 (1.03, 1.39)
25.0-29.9 3719 9,958,209.01 0.37 1.21 (1.05,1.39) 1.24 (1.07, 1.42)
>30 400  2,238,974.56 0.18 1.20 (1.03, 1.30) 1.22 (1.05, 1.37)

$P for interaction

< 0.001

< 0.001

BMI body mass index, WC waist circumference, HR hazard ratio

*All rates are expressed as number per 100,000 person-years

T Adjusted for age

iAdjusted for age, diabetes, smoking status, exercise, and alcohol consumption
$nteraction between BMI and WC

Discussion

The main findings of this population-based study are (1)
men with a higher BMI are more likely to develop blad-
der cancer independent of confounding variables, (2) men
with a larger WC are more likely to develop bladder cancer
independent of confounding variables, and (3) there was
a discrepancy in the trend of bladder cancer development

according to BMI between the groups with abdominal obe-
sity and without abdominal obesity.

Obesity is expected to increase and become the most
important public health problem. In the United States, 40%
of men and 30% of women are overweight, and 35% of men
and 37% of women are obese according to the National
Health and Nutrition Examination Survey [16]. In South
Korea, although the prevalence of obesity has slightly
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<18.5 18.5-22.9  23.0-24.9

BMI

25.0-29.9 230

Fig.4 Hazard ratio of bladder cancer stratified by body mass index
according to abdominal obesity in the multivariate-adjusted model
(adjusted for age, diabetes, smoking status, exercise, and alcohol con-
sumption). The error bars represent the upper and lower limits of the
95% confidence interval. The subjects with BMI< 18.5 and WC >90
were excluded from the analysis because there were only 910 (0.03%)

decreased among women since 2001, obesity showed an
upward trend among men from 1998 to 2009 [17]. In this
regard, the evaluation about biological mechanisms linking
obesity and carcinogenesis and the association of obesity
with cancer development should be carried out in great
account.

The biological mechanisms underlying the association
between obesity and bladder cancer have not been clearly
identified. However, this association might be partially
explained by insulin resistance related to adipose tissue.
Adiposity is positively correlated with insulin resistance,
and this outcome is compensated for by the stimulation of
pancreatic insulin secretion, which commonly results in
hyperinsulinemia. Hyperinsulinemia decreases the hepatic
secretion of IGF binding protein-1 and IGF binding pro-
tein-2, which increases circulating insulin-like growth fac-
tor-I (IGF-I) [18, 19]. IGF-I induces angiogenic and tumor-
related lymphangiogenic effects. Several reports showed that
IGF-I induces the synthesis of hypoxia inducible factor-1a,
which induces neo-vascularization and metastases [20]. Fur-
thermore, IGF-I prevents apoptosis and induces the spread
of metastatic tumors [21]. Moreover, circulating IGF-I is
higher in males than in females, which could partly explain
the difference in the incidence of bladder cancer according
to gender [22].

Especially, factors secreted by adipose tissue such as
chemokine (C-X-C motif) ligand 1, plasminogen activator
inhibitor 1, and interleukin-6 increase the migration of blad-
der tumor cells and increase risk of bladder cancer recur-
rence [23]. Maj et al. reported also that adipose-derived stem
cells promoted bladder cancer cell growth and metastasis
in vitro study [24].

BMI, a measure of weight that is adjusted for height, is
a simple and noninvasive measurement. Therefore, BMI
is the most commonly used measure for the evaluation of
obesity. However, BMI is an imperfect tool as a measure of
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body composition, such as regional body fat distribution.
BMI simply represents general obesity rather than central
obesity or visceral obesity. BMI cannot separate those who
are overweight due to excess fat mass from those who are
overweight due to excess muscle mass or MONW people
with excess visceral fat but with normal weight and BMI, as
shown in our study. We found that 23% of those who were
obese, as characterized by a BMI over 25, were categorized
as WC <90 cm, while approximately 14% of men catego-
rized as WC > 90 cm had normal weight according to BMI.

In recent decades, numerous epidemiological studies have
reported associations between obesity and bladder cancer
[25, 26]. However, these studies have reported variable con-
clusions because most studies used only BMI as the param-
eter to determine obesity. Although WC has been added to
anthropometric measures, BMI and WC have been consid-
ered independently in assessing the risk of bladder cancer
[27]. Furthermore, to the best of our knowledge, no study
has examined the associations between BMI and bladder
cancer after stratification by WC. Our results showed dif-
ferent associations between BMI and bladder cancer devel-
opment according to the presence of abdominal obesity. In
the group with WC <90 cm, the HRs for bladder cancer
increased as the BMI increased beyond the reference BMI,
these results contrasted those observed in the group with
WC>90 cm.

There were some limitations in this study. One limita-
tion was that detailed biochemical information, such as
cancer stage (nonmuscle invasive bladder cancer vs. muscle
invasive bladder cancer), histologic grade, and molecular
pathology, was not available for this cohort; thus, we could
not adjust for these factors. In particular, there is mounting
evidence that bladder cancer constitutes a group of molecu-
larly heterogeneous diseases that undergo various clinical
processes and exhibit various therapeutic responses [28,
29]. Nevertheless, the lifestyle variables such as smoking
status, alcohol consumption status, and exercise status were
adjusted relatively accurately. In fact, accurate analysis of
smoking history was very important in this study because it
is a major contributor to bladder cancer. Second, BMI and
WC change over time, but our study used single measures
of BMI and WC at baseline. Therefore, we do not know
whether reducing fat mass will decrease the risk of bladder
cancer development. Therefore, future studies should con-
sider the effects of changes in anthropometric measures on
bladder cancer risk.

Conclusions

This population-based study showed that increasing BMI
and increasing WC were risk factors for developing blad-
der cancer in men, independent of confounding variables.
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However, there was a discrepancy in the trend of bladder
cancer development according to BMI between the groups
with abdominal obesity and without abdominal obesity.
Conclusively, this study showed that the association of
BMI with risk of bladder cancer development in men
depends on abdominal obesity.
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