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Abstract

Objectives: To clarify the potential role of fluid intake-to-bed time and nocturia frequency on
bladder cancer risk in a hospital-based case—control study with Chinese people.

Materials and Methods: Four hundred and seven patients with histologically diagnosed bladder
cancer and 400 matched controls were enrolled in this study. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated using conditional logistic regression model.

Results: After adjustment for potential confounders, the fluid intake-to-bed time was associated
with a decreased risk of BCa, with an OR of 0.586 (95% Cl=0.375-0.916, <1h) and 0.257 (95% CI=
0.162-0.407, >1h). The adjusted OR of BCa for subjects with more nocturia frequency (22 times)
was 2.268 (95 % Cl= 1.481-3474), compared to those with no nocturia.

Conclusion: We suggested strong protective effect of long fluid intake-to-bed time on BCa risk,
especially in ones with 22 times nocturia frequency. These results provide evidence for identifying

high-risk individuals and modifying their behaviors and lifestyle.
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Introduction

Bladder cancer (BCa) is the sixth most commonly
diagnosed cancer in the male population worldwide
[1] and 11th when both genders are considered [2]
according to the latest published global cancer
statistics. Among the urogenital system cancers, BCa
ranked second both in incidence and mortality.
Worldwide, the BCa age-standardised mortality rate
(per 100 000 person-years) was 3.2 for men versus 0.9
for women [1]. Tobacco smoking [3], high-risk
occupational exposures, such as aromatic amines,
benzidine and polycyclic aromatic hydrocarbons [4,
5], family history [6] are the most well-established risk
factors for BCa, and the risk among smokers is

reported to be approximately 2-fold to 6-fold that
among non-smokers. In the developing world,
particularly Africa and Western Asia, the increasing
risk of BCa is associated with chronic infection with
Schistosoma hematobium [7].

The “urogenous contact” hypothesis states that
high fluid intake may reduce the exposure to potential
carcinogens by diluting the urine and reducing the
contact time with the bladder urothelium through
increasing urination frequency, leading to decreased
risk of BCa [8-11], and a meta-analysis suggested that
high fluid intake might have a protective effect on
BCa in Asian people [12]. But bladder wall extension
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associated with a high fluid intake or a low urination
frequency might allow the carcinogens in the urine to
come into contact with the deeper layers of the
bladder urothelium, and increase the risk of BCa [13].
Therefore, studies focused on the fluid intake and risk
of BCa didn’t reach a consensus agreement.

Depended on the results from previous studies,
we hypothesized that drinking water before going to
bed could lead the potential carcinogens stay in the
bladder and extend the bladder wall which could
increase the contact time and proportion of bladder
urothelium. To our knowledge, the risk of fluid
intake-to-bed time in BCa has not been investigated
yet. Thus, the aim of this study is to clarify the
potential influence of fluid intake-to-bed time on BCa
risk in a hospital-based case-control study with
Chinese people.

Material and Methods

Study design and study population

421 newly cases of bladder cancer were recruited
from the Qilu Hospital of Shandong University from
March 2015 and March 2017. And 407 patients were
histologically diagnosed with primary urothelial
carcinoma, 14 patients were excluded because of
being diagnosed with other types of BCa, such as
adenocarcinoma, squamous carcinoma and so on.
And all 407 BCa patients had confirmed without
autoimmune disease or cancer in other systems at the
time of recruitment. The control group included
patients without smoking-related disease, cancer in
other systems and autoimmune disease or healthy
person who visited same hospital for annual health
checkups, such as hernias, osteoarthritis and so on.
No restrictions on age, sex, race or cancer stage in both
groups. Total 400 cases were selected into control
group at the same time and same hospital. This study
was approved by the Institutional Ethics Committee
of the Qilu Hospital of Shandong University, and all
participants provided written informed consent.

Questionnaire Data

The experienced interviewers interviewed
patients themselves or patients’ relative for those who
were not able to face illness objectively in case and
control groups during hospitalization. The
questionnaire included gender, age, body mass index
(BMI), smoking status, education level, amount of
total fluid intake, fluid type, fluid intake-to-bed time
and nocturia frequency. BMI was defined according
to the criteria recommended by the World Health
Organization. The smoking status is performed by
following the protocol of ] Wang et al [14]. The fluid
intake-to-bed time was defined as the most usual time
(more than fifty percent of the days) interval from

drinking more than 100ml fluid to going to bed in the
past decade.

Then, the detailed collected information was
categorized as follows, BMI was classified into thin
(<18.5), normal (18.5-24.9) and obesity (BMI >25), the
amount of total fluid intake was divided into less than
1000, 1000-2500 and more than 2500ml, fluid
intake-to-bed time was classified into immediately,
less than 1h and more than 1h. And nocturia
frequency was divided into 0, 1 and more than 1 time.

Statistical analysis

Distributions of characteristics between cases
and controls were tested using the x2 test for
categorical variables and paired student’s t-test for
continuous variables. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated using
conditional logistic regression models to estimate the
relation between exposures and the risk of BCa, and
the analyses were adjusted for basic factors by using
conditional multiple logistic regression models. Then,
we further analyzed with the adjusted factors for the
risk or protective factors for BCa, including amount of
total fluid intake and fluid type. The two-sided p
value was used in our analyses, and a p value of less
than 0.05 was considered statistically significant.
Statistical analysis was performed using STATA
version 13.0 (College Station, Texas, USA).

Table 1. Characteristics of cases and controls.

Characteristics Cases (n=407) Controls (n=400) P value
N (%) N (%)

Gender 0.16

Male 310 (76.2) 321 (80.3)

Female 97 (23.8) 79 (19.7)

Age (years) 0.983

<40 27 (6.6) 29 (7.3)

41-50 49 (12.0) 44 (11.0)

51-60 89 (21.9) 91 (22.8)

61-70 125 (30.7) 123 (30.8)

>70 117 (28.7) 113 (28.3)

BMI (kg/m?) 0.669

<185 12 (2.9) 11 (2.8)

18.5-24.9 209 (51.4) 218 (54.5)

225 186 (45.7) 171 (42.8)

Smoking status <0.001

Never 154 (37.8) 241 (60.3)

Former 88 (21.6) 48 (12.0)

Current 165 (40.5) 111 (27.8)

Education level 0.919

None 38 (9.3) 37(9.3)

Primary School 175 (43.0) 172 (43.0)

High School 112 (27.5) 117 (29.3)

College 82 (20.1) 74 (18.5)

Results

407 cases and 400 matched control subjects were
enrolled in this study. Controls were accepted for the
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following reasons: healthy person (58%), hernias
(21%), osteoarthritis (12%), fractures (5%) and
dermatologic  disorders  (4%). The baseline
characteristics of cases and controls were shown in
Table 1. The cases and controls were similar with
respect to the percentage in gender (p=0.16), age
(p=0.983), BMI (p=0.669) and education levels
(p=0.919), but the percentage of former smoker and
current smoker was higher among BCa patients
(p<0.001).

The risks of BCa in relation to type of fluid
intake, amount of total fluid intake, fluid
intake-to-bed time and nocturia frequency are shown
in Table 2. After adjustment for potential
confounders, for fluid type, the purified water and tea
intake had no significant differences in reducing the
risk of BCa, compared to the boiled water (OR= 0.671,
95% ClI= 0.406-1.109; OR= 1.213, 95%CI= 0.865-1.702,
respectively). For total fluid intake, we observed a
453% decrease in risk for person consuming
1000-2500 ml/day compared with those consuming

<1000 ml/day. The associations were similar when
stratified on basic factors, with an OR of 0.545 (95%
CI= 0.348-0.83), but no significant difference was
found in person consuming more than 2500 ml/day.
The fluid intake-to-bed time was associated with a
decreased risk of BCa, with an OR of 0.586 (95% CI=
0.375-0.916, <1h) and 0.257 (95% CI= 0.162-0.407, >1h).
Risk was increased when person had 2 times and
more than 2 times nocturia (OR= 2.268, 95% CI=
1.481-3474).

We investigated the impact of fluid intake-to-bed
time and nocturia frequency on the risk of BCa
stratified by the smoking status (Table 3). The risk
decreased with increasing fluid intake-to-bed time
among never, former, and current smokers, although
only more than 1h was statistically significant (Table
3). And we observed a statistically decreased risk in
never smokers (OR= 4.028, 95% CI= 2.038-7.960) for
nocturia frequency, not in former smokers and
current smokers.

Table 2. Risk of bladder cancer associated with fluid intake and nocturia frequency.

Case /Control Crude OR (95% CI) P value Adjusted OR* (95% CI) P value
Type of fluid intake
Boiled water 248/241 1 (reference) 1 (reference)
Purified water 35/53 0.567 (0.36-0.892) 0.014 0.671 (0.406-1.109) 0.12
Tea 124/106 1.217 (0.885-1.673) 0.226 1.127 (0.802-1.583) 0.263
Amount of total fluid intake
<1000 ml/day 62/42 1 (reference) 1 (reference)
1000-2500 ml/ day 256/317 0.547 (0.358-0.837) 0.005 0.545 (0.348-0.853) 0.008
>2500 ml/ day 89/41 1.470 (0.858-2.52) 0.161 1.351 (0.767-2.378) 0.297
Fluid intake-to-bed time
Immediately 86/40 1 (reference) 1 (reference)
<lh 203/162 0.583 (0.380-0.894) 0.013 0.586 (0.375-0.916) 0.019
>1h 118/198 0.277 (0.179-0.430) <0.001 0.257 (0.162-0.407) <0.001
Nocturia frequency
0 time 67/83 1 (reference) 1 (reference)
1 time 110/187 0.729 (0.489-1.086) 0.12 0.762 (0.498-1.166) 0.211
22 times 230/130 2.192 (1.488-3.228) <0.001 2.268 (1.481-3.474) <0.001

*Adjusted for gender, age, BMI, smoking status and education status

Table 3. Fluid intake and the risk of bladder cancer stratified by smoking status

Never smoker

Former smoker

Current smoker

Case/Control ~ Adjusted OR* Pvalue Case/Control Adjusted OR* P value Case/Control Adjusted OR* P value

(95% CI) (95% CI) (95% CI)

Fluid intake-to-bed time

Immediately 32/28 1 (reference) 15/1 1 (reference) 39/11 1 (reference)

<lh 79/100 0.801 0.482 48/20 0.132 0.097 76/42 0.691 0.398
(0.431-1.487) (0.012-1.447) (0.293-1.627)

>1h 43/113 0.351 0.001 25/27 0.044 0.013 50/58 0.268 0.004
(0.184-0.667) (0.004-0.523) (0.111-0.649)

Nocturia frequency

0 time 21/55 1 (reference) 10/7 1 (reference) 36/21 1 (reference)

1 time 41/109 1.230 0.542 24/20 0.514 0.514 45/58 0.472 0.06
(0.632-2.395) (0.118-2.232) (0.216-1.031)

>2 times 92/77 4.028 <0.001 54/21 1.060 0.934 84/32 1.211 0.632
(2.038-7.960) (0.267-4.203) (0.553-2.653)

*Adjusted for gender, age, BMI, education status, type of fluid and amount of fluid
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Table 4. Adjusted odds ratios of BCa for fluid intake-to-bed time according to amount of total fluid intake and nocturia frequency

Fluid intake-to-bed time Immediately <1h >1h

Adjusted OR* (95% CI) Adjusted OR* (95% CI) P value Adjusted OR* (95% CI) P value
Amount of total fluid intake
<1000 ml/ day 1 (reference) 0.257 (0.06-1.108) 0.068 0.374 (0.093-1.510) 0.167
1000-2500 ml/ day 1 (reference) 1.064 (0.618-1.830) 0.824 0.376 (0.214-0.658) 0.001
>2500 ml/ day 1 (reference) 0.028 (0.003-0.259) 0.002 0.012 (0.001-0.154) 0.001
Nocturia frequency
0 time 1 (reference) 0.087 (0.017-0.454) 0.004 0.036 (0.007-0.199) <0.001
1 time 1 (reference) 0.711 (0.340-1.485) 0.364 0.432 (0.199-0.937) 0.034
>2 times 1 (reference) 0.827 (0.399-1.713) 0.608 0.244 (0.117-0.509) <0.001

*Adjusted for gender, age, BMI, smoking status, education level and type of fluid

Then we further explored the influence of fluid
intake-to-bed time on the risk of BCa stratified
according to the amount of total fluid intake and
nocturia frequency (Table 4). When subjects were
analyzed according to the amount of total fluid intake,
the adjusted OR of BCa for long fluid intake-to-bed
time relative to short fluid intake-to-bed time was
lower for >2500 ml/day subjects (adjusted OR=0.012,
95%ClI= 0.001-0.154) than <1000ml/day subjects
(adjusted OR=0.374, 95%CI= 0.093-1.510). When
subjects were analyzed according to the nocturia
frequency, the adjusted OR of BCa for long fluid
intake-to-bed time relative to short fluid intake-to-bed
time was both statistically significant in 0 time
nocturia subjects (adjusted OR= 0.036, 95 % CI=
0.007-0.199) and =22 times subjects (adjusted OR=
0.244, 95%CI= 0.117-0.509), but the positive effect of
longer fluid intake-to-bed time had been impaired by
more nocturia frequency. And we also found that
subjects who had 21 time nocturia, fluid intake-to-bed
time (<1h) was no longer a protective factor (OR=
0.711, 95%CI= 0.340-1.485; OR= 0.827, 95 % CI=
0.399-1.713, respectively).

Discussion

To our knowledge, this is the first study
evaluating the relationship of fluid intake-to-bed time,
nocturia frequency and the risk of BCa. In this
case-control study, we observed longer fluid
intake-to-bed time and less nocturia frequency were
associated with a reduced risk of BCa. The results
were similar when stratified by smoking status, but
the low nocturia frequency in former smokers
couldn’t reflect the reduced risk of BCa. Moreover, we
found the beneficial effects of long fluid intake-to-bed
time in the subjects with high nocturia frequency.

The origin of BCa is still obscure. The
“urogenous contact” hypothesis was first proposed
by Oyasu, Hopp [10] and Melicow [15], which
attributed the growth of BCa to the prolonged
exposure to potential carcinogens in urine. An
experiment data showed that separating part of
bladder in dogs by surgery to prevent from contacting

urine, then dealt dogs with B-betanaphthyl amine,
finally bladder which contacted urine generated the
BCa, not in the separating part [9]. And short fluid
intake-to-bed time could increase the amount of urine
in bladder, accumulate more potential carcinogens,
extent the contact area of bladder wall and urine, may
introduce the carcinogens to the deeper layer of the
bladder urothelium [12], and finally increase the risk
of BCa. The results in our study were consistent with
the “urogenous contact” hypothesis.

Frequency of urination is directly related to the
intensity and duration of urothelium distension [16].
Several studies investigated the role of frequency of
urination in the etiology of BCa [8, 16-18], but only
few studies explored the association for nocturia
frequency and BCa risk. Our study found the positive
correlation for more than 1 time nocturia and BCa
(OR=2.268; 95%CI=1.481-3.474; p<0.001), not for 1
time (OR=0.762; 95%CI=0.498-1.166; p=0.211). One
study [18] showed that an inverse trend in BCa risk
with increasing number of nocturia. According to the
definition of International Continence Society (ICS) in
2002 [19], nocturia is the complaint that the subject has
to wake up at night 1 or more times to void, each void
is preceded and followed by sleep. And nocturia,
especially two or more times per night, is associated
with a damaged health-related quality of life [20, 21],
such as depressive symptomes, sleep and et al. Madhu
et al [22] found that prevalence of BCa increased with
increasing episodes of nocturia which was consistent
with our study.

We observed moderate total fluid intake could
significantly reduce the risk of BCa in the present
study, compared to the small amount of fluid intake,
and high amount of total fluid intake was likely to
increase the risk of BCa, but not reached the statistical
difference. This was consistent with the hypothesis
which declared that moderate fluid intake might
dilute potiential carcinogens in the urine and increase
the voiding frequency, thus reducing contact of
carcinogens with the bladder wall [23, 24]. However,
high total fluid intake might increase the net flow of
potential carcinogens into the bladder and finally
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increase the risk of BCa [13]. And this hypothesis was
verified by some studies [14, 23, 25], but some studies
[4, 16, 26] detected high total fluid intake was
associated with the decreased risk of BCa. Also,
several studies [27-29] found no association with
decreased risk. The inconsistent results might be
caused by varies calculation of total fluid intake and
types of fluid. Our study found tea intake had no
association with decreased risk of BCa, compared to
the boiled water intake, which was inconsistent with
the result of Wang et al [14]. And we have doubt
about this result, for it is hard to explain and is not
consistent with the protective role of tea.

Of the 7 million deaths from cancer in 2001
worldwide, an estimated 243 million were
attributable to 9 potentially behavioral and
environmental risk factors [30]. Modifying healthy
lifestyle and environmental risk factors may greatly
reduce the burden of cancers. Our study declared new
potential risk factors of BCa, shorter fluid
intake-to-bed time and more nocturia frequency. We
suggested to have moderate fluid intake and drinking
last fluid at least 1h before going to bed every day,
and try to avoid 22 times nocturia, and these may be
helpful for preventing BCa. However, large-scale,
different regions, different races and prospective
studies are still needed to further testify whether fluid
intake-to-bed time and nocturia frequency as risk
factors of BCa.

In summary, our study showed shorter fluid
intake-to-bed time and more nocturia frequency were
inversely associated with the risk of BCa, and
regardless of how nocturia is defined, it is not a
benign symptom. And high amount of fluid intake
couldn’t reduce the risk of BCa, we suggest a
protective effect of long fluid intake-to-bed time on
BCa risk, especially in ones with >2 times nocturia
frequency.
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BCa: bladder cancer; BMI: body mass index; OR:
odds ratio; CI: confidence interval
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