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Abstract.
Background: Urologists are frequently confronted with questions of urinary bladder cancer (UBC) patients about what they
can do to improve their prognosis. Unfortunately, it is largely unknown which lifestyle factors can influence prognosis.
Objective: To systematically review the available evidence on the association between body mass index (BMI), diet, dietary
supplements, and physical activity and UBC prognosis.
Methods: We searched PubMed and Embase up to May 2017. We included thirty-one articles reporting on observational
and randomized controlled trials investigating BMI, diet and dietary supplements in relation to recurrence, progression,
cancer-specific or all-cause mortality in UBC patients.
Results: In non-muscle invasive bladder cancer (NMIBC) patients, both overweight (3 studies, pooled hazard ratio (HR)
1.29, 95% CI 1.05–1.58, I2 = 0%) as well as obesity (3 studies, pooled HR 1.82, 95% CI 1.12–2.95, I2 = 79%) were associated
with increased risk of recurrence when compared to normal weight. No association of BMI with risk of progression was
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found. Results for BMI and prognosis in muscle-invasive or in all stages series were inconsistent. Observational studies on
diet and randomized controlled trials with dietary supplements showed inconsistent results. No studies on physical activity
and UBC prognosis have been published to date.
Conclusions: Evidence for an association of lifestyle factors with UBC prognosis is limited, with some evidence for an
association of BMI with risk of recurrence in NMIBC. Well-designed, prospective studies are needed to develop evidencebased guidelines on this topic.
Keywords: Body mass index, diet, dietary supplements, prognosis, urinary bladder cancer

INTRODUCTION
Urologists are frequently confronted with questions by urinary bladder cancer (UBC) patients how
they can influence the course of their disease, for
example by changing habits concerning smoking,
diet, and physical activity. As lifestyle factors have
been linked to cancer-specific prognosis of many
common malignancies [1], it is important to gain
more knowledge about the association of lifestyle factors with urinary bladder cancer (UBC) prognosis as
well.
The impact of tobacco smoking on prognosis has
recently been reviewed [2, 3]. Smoking status was
found to be associated with increased risk of disease recurrence in both non-muscle-invasive bladder
cancer (NMIBC) [3] and all stages series [2]. Evidence for an association of smoking with risk of
progression, cancer-specific mortality and all-cause
mortality was weak in the review of Crivelli et al. [3],
but the more recent meta-analysis of Hou et al. [2]
found an increased risk of cancer-specific mortality.
Interestingly, some studies showed that former smokers had a lower risk of recurrence or progression than
current smokers [3]. There is no conclusive evidence
yet whether smoking cessation after UBC diagnosis
will favorably influence clinical outcomes. However,
the European Association of Urology guidelines on
NMIBC recommend smoking cessation counseling.
This is based on studies suggesting increased risk of
recurrence and progression and impaired response to
immunotherapy for active smokers [4].
Besides smoking, a high body mass index (BMI)
and certain dietary factors have also been hypothesized to be associated with UBC prognosis. Excess
body fat is associated with increased circulating
concentrations of insulin and insulin-like growth
factor-1, as well as systemic inflammation, all of
which may be related to worse UBC outcomes
[5]. Also, certain examinations and surgical procedures might be more complicated in obese patients
[6]. Dietary factors such as vegetables and fruits
are hypothesized to influence UBC prognosis, as

favorable components from these foods come into
close contact with urothelial cells when excreted via
urine [7, 8]. A high fluid intake may reduce exposure to carcinogens by diluting the urine and reducing
the contact time through increased micturition frequency [9]. On the other hand, potential carcinogens
in the urine can come into contact with deeper layers of the bladder when the bladder wall is extended
because of high fluid intake or low micturition
frequency [10].
Thus far, except for smoking, no systematic review
of studies on the association between lifestyle factors
and prognosis of patients with UBC has been performed. This information is important since it may
provide a means to patients to get some control over
their disease. The aim of this systematic review is
to summarize the available evidence regarding the
association of BMI, diet, dietary supplements and
physical activity with UBC prognosis and to identify
necessary next steps in research.

METHODS
Search strategy
A systematic search of the literature up to May
2017 in the PubMed and Embase databases was conducted by using a combination of MeSH and Emtree
terms and related key words in title and abstract. The
complete search strategy is attached as supplementary material (Appendix A). No limits were applied
on publication date or type of study during this search.
Reference lists of included articles were checked to
identify potentially relevant studies that were missed
in the initial search.
We followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
criteria (Fig. 1) [11] for evaluating records identified
during the literature search. To warrant integrity, the
retrieved references were checked independently by
two authors (E.W. and A.V.), and disagreements were
discussed and resolved.
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Fig. 1. PRISMA flow diagram for the study selection process.

Study eligibility
Studies were considered relevant to this review if
they reported on observational or intervention studies in UBC survivors with respect to BMI, dietary
factors or supplements, or physical activity before,
at the time of or after diagnosis in relation to recurrence, progression, cancer-specific mortality (CSM),
or all-cause mortality (ACM). Only articles written in
the English language were considered for inclusion.
When multiple articles reported on the same study,
only the most recently published article was taken

into consideration unless there were differences in
the endpoints or subgroups reported. Animal studies,
and investigation of BMI, diet or physical activity
with intermediate endpoints of disease or with tumor
characteristics only without addressing recurrence,
progression, or mortality were excluded.
Data extraction
Information extracted from the selected studies
included, wherever available, the first author, year
of publication, country, sample size and sample
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characteristics, years of diagnosis, follow-up time,
outcome, variable of interest, risk estimates with 95%
confidence intervals (CI) or p-values, and factors that
were adjusted for in the analysis. When necessary,
authors were contacted for additional data.
Statistical analysis
Meta-analysis was performed using Review Manager 5.3 [12]. The inverse variance technique was
used for meta-analysis of hazard ratios. Due to the
clinical heterogeneity inherent in our data, randomeffects models were used for all meta-analyses.
Statistical heterogeneity was assessed with I2 values. When no meta-analysis could be performed,
we narratively described the study results separately
for BMI, dietary factors, dietary supplements and
physical activity.
RESULTS
The initial search retrieved 14,126 articles of which
31 were considered relevant for this review [5, 6,
9, 13–40]. These articles reported on BMI (n = 13),
dietary factors (n = 4) or dietary supplements (n = 14)
in UBC survivors. Studies on physical activity were
not available. Meta-analysis could be performed for
BMI in relation to risk of recurrence and progression in NMIBC patients and in all stages series. The
results of these meta-analyses and retrieved studies
are discussed in detail below.
Body mass index
Twelve historical cohort studies [5, 6, 16, 18, 19,
22, 23, 25, 29, 33, 39, 40] and one prospective cohort
study [38] investigated the association of BMI with
the prognostic endpoints of interest (Table 1). Nine
studies assessed BMI at time of diagnosis or at time
of surgery [6, 16, 18, 19, 22, 23, 25, 38, 39] and four
studies did not report on the timing of BMI assessment [5, 29, 33, 39].
Three studies including 892 T1 high grade [5], 338
Ta, T1, Tis [38], and 403 Ta, T1 NMIBC patients [39]
reported or provided sufficient data to be subjected
to meta-analysis. Both overweight (pooled hazard
ratio (HR) 1.29, 95% CI 1.05–1.58, p = 0.02, I2 = 0%;
Fig. 2A) as well as obesity (pooled HR 1.82, 95% CI
1.12–2.95, p = 0.02, I2 = 79%; Fig. 2B) were statistically significantly associated with increased risk of
recurrence when compared to normal weight. Based
on two studies [5, 39], neither overweight (pooled HR

1.03, 95% CI 0.63–1.70, p = 0.91, I2 = 0%; Fig. 2C)
nor obesity (pooled HR 1.90, 95% CI 0.93–3.88,
p = 0.08, I2 = 51%; Fig. 2D) were statistically significantly associated with risk of progression.
Six studies were performed in NMIBC and muscleinvasive bladder cancer (MIBC) patients combined,
which results are more difficult to interpret because
of the difference in relevant disease outcomes (i.e.,
risk of recurrence and CSM, respectively). Four
studies investigated BMI in relation to recurrence.
Three studies reported sufficient data to be subjected
to meta-analysis [18, 19, 23]. Neither overweight
(pooled HR 0.87, 95% CI 0.67–1.14, p = 0.31,
I2 = 60%; Fig. 3A), nor obesity (pooled HR 1.12,
95% CI 0.54–2.31, p = 0.76, I2 = 95%; Fig. 3B)
were statistically significantly associated with risk
of recurrence. One study did not find an association
for continuous BMI [16]. Four studies investigated
CSM, three of them reporting sufficient data to be
included in a meta-analysis [18, 19, 23]. Neither overweight (pooled HR 0.82, 95% CI 0.65–1.02, p = 0.08,
I2 = 45%; Fig. 3C), nor obesity (pooled HR 0.98, 95%
CI 0.46–2.10, p = 0.97, I2 = 94%; Fig. 3D) were statistically significantly associated with CSM. One study
did not find an association for continuous BMI [16].
Four studies investigated ACM [6, 16, 18, 33]. One
study reported an association of overweight and obesity compared to normal weight with higher risk of
ACM (HR 1.40, 95% CI 1.23–1.57 and HR 1.81, CI
95% CI 1.60–2.05, respectively) [18], while three
studies did not find an association [6, 16, 33]. Progression was not investigated in any of these studies.
Four historical cohort studies investigated clinical outcomes exclusively in MIBC patients. Three
studies investigated ACM [22, 29, 40], two of them
reporting a lower ACM for higher BMI (26.3–29.1
compared to <23.6: HR 0.80, 95% CI 0.69–0.93
and ≥31.2 compared to <31.2: HR 0.46, 95% CI
0.26–0.83, respectively) [29, 40] and the other not
showing an association for ACM and CSM [22]. One
study found no differences in risk of progression or
ACM when comparing overweight or obesity with
underweight [25].

Dietary factors
Four small cohort studies evaluated the association of dietary factors with UBC outcomes (Table 2).
These studies examined the effects of vitamin A
intake [27], intake of different (alcoholic) drinks [37],
fluid intake [9], and fruit and vegetable intake [36].

Table 1
Observational cohort studies on body mass index and prognosis of bladder cancer
Source (Study
location)
NMIBC
Kluth, 2013, US,
Germany, France,
Italy, Canada [5]

Years of diagnosis

Median follow-up

Outcome

BMI

HR (95% CI)

Covariates adjustment

892 NMIBC (T1 high grade)
341 recurrence (38%)
104 progression (12%)
184 deaths (21%)
59 UBC deaths (7%)
TURB w/wo IVT (70% IVT)

1996–2007

Median 42.8 mo
(IQR 14.8–70.8)

Recurrence

Continuous
25–30 vs. <251
≥30 vs. <251
≥30 vs. <30
Continuous
25–30 vs. <251
≥30 vs. <251
≥30 vs. <30
Continuous
≥30 vs. <30
Continuous
≥30 vs. <30

1.07 (1.04–1.09)
1.05 (0.73–1.51)
2.72 (2.00–3.69)
2.66 (2.12–3.32)
1.08 (1.04–1.12)
0.90 (0.49–1.64)
1.43 (0.86–2.38)
1.49 (1.00–2.21)
1.29 (1.20–1.37)
3.15 (1.74–5.67)
1.06 (1.04–1.09)
1.42 (1.06–1.92)

Gender, concomitant
carcinoma in situ, tumor
size, number of tumors,
intravesical therapy

24.9–29.9 vs.
≤24.9

1.39 (0.96–2.01)

≥30 vs. ≤24.9

1.22 (0.80–1.87)

Age, sex, stage, grade, tumor
size, multiplicity,
treatment, smoking

>24.9 vs. ≤24.9
Current smokers:

1.33 (0.94–1.89)

>24.9 vs. ≤24.9

2.24 (1.15–4.34)

≥24–<28 vs. <24
≥28 vs. <24
≥24–<28 vs. <24
≥28 vs. <24

1.44 (1.03–2.00)
1.71 (1.12–2.60)
1.36 (0.57–3.23)
3.04 (1.24–7.42)

Prior recurrence, grade,
tumor size, tumor in
trigone, concomitant CIS

25–29.9 vs. <25
≥30 vs. <25

No difference2
No difference2

Univariable

Progression

ACM
CSM
Wyszynski, 2014, US
(38)

Xu, 2015, China (39)

NMIBC and MIBC
Maurer, 2009,
Germany (6)

338 NMIBC (Ta, T1 Tis)
In total sample (n = 726):
373 recurrence (51%)
In total sample: TURB
(75%), TURB with
immunotherapy (16%),
immunotherapy (9%)

1994–2001

403 NMIBC (Ta, T1)
177 recurrence (44%)
30 progression (7.4%)
TURB w/wo intravesical
chemotherapy

2006–2014

390 NMIBC and MIBC

1986–2004

(% NMIBC N/S)
Radical cystectomy

Median 6 y (range
0.25–15)

Median 53 mo
(range 6–102)

Recurrence

Recurrence
Progression

N/S

5 year survival
rate
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characteristics)
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Table 1
(Continued)
Sample (size and key
characteristics)

Years of diagnosis

Median follow-up

Outcome

Chromecki, 2012, US,
Austria, Germany,
Canada, Czech
Republic (18)

4118 NMIBC and MIBC
(32% NMIBC)
1365 recurrence (33%)
1121 UBC deaths (27%)
Radical cystectomy

1979–2008

Median alive at
last follow-up
44 mo

Recurrence

847 NMIBC and MIBC
>(% NMIBC N/S)
>Radical cystecomy

1998–2008

714 NMIBC and MIBC

1990–2012

Bachir, 2014, Canada
(16)

Kwon, 2014, Korea
(23)

(% NMIBC N/S)
Radical cystectomy

Median 64.1 mo
(range 1–231.4)

HR (95% CI)

Covariates adjustment
Age, sex, pT stage, tumour
grade, lymphvascular
invasion, lymph node
metastasis, soft tissue
surgical margin,
concomitant carcinoma in
situ, adjuvant
chemotherapy
Age, grade, pathological
stage, lymph nodal
metastasis, surgical margin
status, adjuvant
chemotherapy

25.0–29.9 vs. <25

0.91 (0.76–1.06)

>30 vs. <25
25.0–29.9 vs. <25
>30 vs. <25
25.0–29.9 vs. <25
>30 vs. <25

1.67 (1.46–1.91)
0.80 (0.68–0.95)
1.43 (1.24–1.66)
1.40 (1.23–1.57)
1.81 (1.60–2.05)

OS
CSM
Recurrence

Continuous
Continuous
Continuous

0.98 (0.96–1.01)
0.99 (0.96–1.02)

Recurrence

23–25 vs. <23
≥25 vs. <23
23–25 vs. <23
≥25 vs. <23

0.66 (0.48–0.90)

CSM
ACM

Median 23.4 mo

BMI

CSM

0.98 (0.96–1.00)

0.52 (0.37–0.73)
0.67 (0.48–0.94)
0.41 (0.27–0.62)

Psutka, 2015, US (33)

262 NMIBC and MIBC (29%
NMIBC)

2000–2008

Median 6.3 y
(IQR 5.7–9.5)

ACM

≥30 vs. <30

0.79 (0.50–1.26)

Dabi, 2016, France
(19)

701 NMIBC and MIBC (33%
NMIBC)
163 recurrence (23%)
127 UBC deaths (18%)
Radical cystectomy and
pelvic lymphadenectomy

1995–2011

Median 45 mo
(IQR 23–75)

Recurrence

25.1–30 vs. 18–25
>30 vs. 18–25

1.14 (0.78–1.66)
1.58 (1.06–2.34)

CSM

25.1–30 vs. 18–25
>30 vs. 18–25

1.13 (0.74–1.74)
1.58 (1.01–2.48)

Age, sex, performance status,
serum albumin level,
clinical stage, pathological
T stage, lymph node
metastastis, grade,
lymphovascular invasion,
soft tissue surgical margin
Age, smoking status, ASA
and ECOG score, pTN
stage
Age, stage, grade,
lymphovascular invasion,
concomitant CIS, lymph
node metastasis
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Source (Study
location)

MIBC
Hafron, 2005, US (22)

288 MIBC
203 deaths (71%)

1990–1993

Median 39 mo
(range 1–168)

≥30 vs. ≤29.9

0.87 (0.71–1.06)

CSM

≥30 vs. ≤29.9

No difference

Age, sex, pathological stage,
lymph node status, soft
tissue margin status,
urothelial margin, smoking

Progression

18.5–24.99 vs.
<18.5

1.14 (0.70–1.85)

ECOG-PS ≥1, visceral
metastasis

ACM

25–29.99 vs.
<18.5
≥30 vs. <18.5
18.5–24.99 vs.
<18.5
25–29.99 vs.
<18.5
≥30 vs. <18.5
≥31.2 vs <31.2
≥27 vs. 27
26.3–29.1
vs.<23.6

1.31 (0.80–2.13)

Radical or partial cystectomy
Leiter, 2016, US,
Germany, Greece,
Taiwan (25)

537 MIBC

1998–2011

417 deaths (77%)
Chemotherapy

Xu, 2016, US, Canada
(40)

360 MIBC (0.6% NMIBC
and 0.6% unknown)

N/S

N/S

ACM

Necchi, 2017, US,
Canada, Europe,
Israel (29)

1020 urothelial cancer
(81.2% bladder cancer)
664 deaths (65%)3
Chemotherapy

2006–2011

Median 31.6 mo
(95% CI
29.4–35.0)

ACM

1.23 (0.72–2.11)
0.97 (0.59–1.59)
1.19 (0.73–1.95)
1.08 (0.63–1.87)
0.46 (0.26–0.83)
0.77 (0.51–1.17)
0.80 (0.69–0.93)

Univariable
White blood cell count,
ECOG-PS, lung/liver/bone
metastases, ethnicity, prior
perioperative
chemotherapy, age

HR (95% CI) printed in bold means result statistically significant at the p < 0.05 level; 1 Data needed for this comparison was received from the authors; 2 p value not reported; 3 Percentage of deaths
among primary bladder cancer patients is not reported. Abbreviations: ACM: all-cause mortality; BMI: body mass index; CIS: carcinoma in situ; CSM: cancer-specific mortality; ECOG-PS:
Eastern Cooperation Oncology Group Performance Status; IQR: interquartile range; IVT: intravesical therapy; MIBC: muscle invasive bladder cancer; mo: months; NMIBC: non-muscle-invasive
bladder cancer; NS: not specified; TURB: transurethral resection of the bladder; y: years.
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Source (Study
location)
NMIBC
Michalek, 1987,
US [27]

Sample (size and key
characteristics)

Years of diagnosis Median follow-up Outcome

Dietary Factor

102 NMIBC
34 recurrences (33%)
Treatment unknown

1960–1965

Lower 50% vs. upper 50% of OR 1.34 (0.50–3.34) Univariable
vitamin A consumption
Lower 50% vs. upper 50%
Rate 1.8 (p = 0.02) Age, sex, smoking status
of vitamin A consumption

Tang, 2010, US
[36]

N/A

Recurrence
Recurrence rate
(number of
recurrences per
1,000
person-months)

1976–1978

267 primary and recurrent
N/S
NMIBC and MIBC (90%
NMIBC)
123 recurrences (46%)
TURB (unknown %),
partial cystectomy (7.5%)
and/or IVT (65.5%)
239 NMIBC and MIBC (%
1980–1998
NMIBC N/S)
179 deaths (75%)
101 UBC deaths (56%)
TURB (64.4%),
cystectomy (27.6%),
unknown (7.9%) w/wo IVT

Median 29.8 mo

5-year ACM

Median 2.6 y
(range
0.96–3.77)

Recurrence

Median 77 mo
(range 1–301)

CSM

Alcoholic beverages1
Artificial sweetener1
Coffee1
Black tea1
Green tea1
Matcha1
Cola1
Average daily fluid intake
postdiagnosis, continuous

Fruits2
Vegetables2
Cruciferous vegetables
cooked2
Cruciferous vegetables
raw2
Broccoli raw3
Broccoli cooked3
Cabbage raw3
Cabbage cooked3
Cauliflower raw3
Cauliflower cooked3
Brussels sprout3
Kale, turnip, collard,
mustard greens3

HR (95% CI)

Covariates adjustment

0.46 (0.26–0.79)
Age at first consultation,
1.05 (0.62–1.79
stage, histological type and
0.88 (0.49–1.59)
grade, distant metastasis
0.77 (0.44–1.33)
0.62 (0.22–1.74)
1.36 (0.75–2.44)
1.11 (0.61–2.01)
RR 1.05 (0.92–1.19) Age, gender, years since
initial diagnosis, months
since last tumor, recurrence
within 3 months before
study, recurrence risk
group, persistent positive
cytology, smoking status
1.09 (0.66–1.81)
Age at diagnosis, tumor
1.06 (0.63–1.78)
stage, radiation therapy,
0.89 (0.53–1.48)
pack-years of smoking,
total meat intake
0.73 (0.44–1.21)
0.43 (0.25–0.74)
0.68 (0.45–1.01)
1.11 (0.74–1.66)
1.15 (0.75–1.77)
1.08 (0.66–1.77)
0.95 (0.63–1.42)
1.37 (0.86–2.18)
1.07 (0.63–1.79)

HR (95% CI) printed in bold means result statistically significant at the p < 0.05 level; 1 Ever vs. never consumed, hazard ratios are for male patients only; 2 Servings per month, highest tertile vs.
lowest tertile; 3 Servings per month, ≥1 vs. <1. Abbreviations: ACM, all-cause mortality; CSM: cancer-specific mortality; IVT: intravesical therapy; MIBC: muscle invasive bladder cancer; mo:
months; NA: not assessed; NMIBC: non-muscle-invasive bladder cancer; NS: not specified; TURB: transurethral resection of the bladder; y: years.
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NMIBC and MIBC
Wakai, 1993,
258 NMIBC and MIBC
Japan [37]
(%NMIBC N/S)
81 deaths (31%)
Treatment unknown

Donat, 2003, US
[9]
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Table 2
Observational studies on dietary factors and prognosis of bladder cancer
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Fig. 2. BMI and NMIBC prognosis: (A) Overweight vs. normal weight and risk of recurrence; (B) Obesity vs. normal weight and risk of
recurrence; (C) Overweight vs. normal weight and risk of progressoin; (D) Obesity vs. normal weight and risk of progression.

In a study of 102 NMIBC patients, patients with
a prediagnosis dietary intake of vitamin A below
the median (not specified) were found to have a 1.8
times higher recurrence rate per 1000 person-months
(p = 0.02), but no statistically significantly increased

risk of recurrence (RR 1.34, 95% CI 0.5–3.34) compared to patients having a dietary intake of vitamin A
above the median [27].
Three studies were performed in NMIBC and
MIBC patients combined [9, 36, 37]. A Japanese

100
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Fig. 3. BMI and prognosis in all stages series: (A) Overweight vs. normal weight and risk of recurrence; (B) Obesity vs. normal weight and
risk of recurrence; (C) Overweight vs. normal weight and risk of CSM; (D) Obesity vs. normal weight and risk of CSM.

study in 258 patients found an inverse association
for ever versus never prediagnostic consumption
of alcoholic beverages with 5-year ACM (HR
0.46, 95% CI 0.26–0.79) [37]. No associations for

non-alcoholic beverages and artificial sweeteners
were found. Daily post-diagnostic total fluid intake
measured using repeated fluid intake questionnaires
was not associated with risk of recurrence in a US
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study in 267 patients [9]. A US study in 239 patients
investigated self-reported prediagnostic intake of
fruits and vegetables in relation to CSM and ACM
[36]. Patients consuming ≥1 compared to those consuming <1 serving per month of raw broccoli had
a lower CSM (HR 0.43, 95% CI 0.25–0.74) and
ACM (HR 0.57, 95% CI 0.39–0.83, data not shown).
Consumption of 1–3 servings of raw cruciferous vegetables per month compared to <1 serving per month
was inversely associated with ACM (HR 0.67, 95%
CI 0.46–0.97), but not with CSM. No association was
found for consumption of more than three servings.
Consumption of total fruit, total vegetables or individual cooked cruciferous vegetables was not associated
with CSM or ACM.
Dietary supplements
Fourteen dietary supplementation studies in UBC
patients were identified (Table 3). In these randomized controlled trials, the effects of the retinoids
etretinate [13, 32, 35] and fenretinide [20, 34], vitamin B6 (pyridoxine) [17, 31], vitamin E (tocopherol)
[26], multivitamins [24, 30], a Lactobacillus casei
preparation [14, 28, 41], and selenium [21] were
investigated. Thirteen of the 14 studies were performed in NMIBC patients [13, 14, 17, 20, 21, 26,
28, 30–32, 34, 35, 41] and one trial was conducted in
NMIBC and MIBC patients combined [24].
Three studies evaluating the effect of the aromatic
retinoid etretinate had conflicting results [13, 32, 35].
One small study [13] in 32 patients found a lower
recurrence rate in the etretinate group compared to
the placebo group, while a study of 96 patients [32]
and a trial of 79 patients [35] found no differences in
recurrence. Nevertheless, in the last study the mean
interval to the second recurrence was longer in the
etretinate group (20.3 versus 12.7 months, p = 0.006),
resulting in less transurethral resections of the bladder per patient-year (p < 0.01). This may suggest that
etretinate needs to be taken for a prolonged period
before an effect becomes evident. Fenretinide did not
affect recurrence in 99 Italian [20] and 137 US [34]
patients.
Supplementation with pyridoxine was found not to
affect recurrence or progression in 121 stage I patients
[17]. However, when patients with recurrences during the first ten months or followed up less than ten
months were excluded, recurrence rate was significantly lower for pyridoxine compared to placebo.
Again, this suggests that a longer duration of supplementation is required. A study in 291 patients [31] did
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not find an effect of pyridoxine on risk of recurrence,
progression, or ACM.
A small trial in NMIBC patients in Iran (n = 46)
reported that daily intake of 400 IU vitamin E after
diagnosis resulted in a lower risk of recurrence
(RR = 0.53, 95 CI% 0.11–0.94) compared to a control
group [26].
Two trials tested if supplementation with a megadose of multivitamins had an effect on recurrence
[24, 30]. In 65 NMIBC and MIBC patients, a reduced
risk of recurrence was found in the experimental
group that received a supplement with the recommended daily allowance (RDA) plus a megadose of
vitamin A, B6, C, E and zinc compared to RDA alone
[24]. In contrast, a large multicenter trial in 670 BCG
naı̈ve patients found no difference in recurrence-free
survival [30].
Three studies conducted in Japan investigated
the effect of 3 gram/day of the orally administered probiotic Lactobacillus casei preparation on
prognosis [14, 28, 41]. A study of 202 patients
receiving standard treatment of intravesical instillations with epi-adryamicin randomized to a daily
administration of Lactobacillus casei preparation for
one year versus a control condition (no Lactobacillus casei preparation), reported that the recurrence
rate was lower in the Lactobacillus casei group
compared to the control group (HR 0.57, 95% CI
0.35–0.93) [28]. No effect on progression or ACM
was found. A study in 138 patients receiving either
a Lactobacillus casei preparation or placebo did not
find a difference in recurrence-free interval when
all patients were included in a univariable analysis
[14]. However, when analysis was restricted to78
patients with primary multiple tumors or recurrent
single tumors, Lactobacillus casei preparation was
associated with a longer recurrence-free interval as
compared to placebo (688 days versus 543 days;
HR 2.58; p = 0.013). In a study of 58 patients, the
recurrence-free survival interval of the group who
received the Lactobacillus casei preparation was prolonged to 1.8 times the interval of the control group
(350 days versus 195 days; HR 2.41, p = 0.028) [41].
A study in 292 NMIBC patients conducted in Belgium showed that selenium supplementation did not
lower the risk of recurrence compared to placebo [21].

DISCUSSION
This review was conducted to provide a complete
overview of available evidence regarding the impact
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Table 3
Intervention studies on dietary supplements and prognosis of bladder cancer
Source (Study
location)
Etretinate
Alfthan, 1983,
Finland (13)

Studer, 1995,
Switzerland [35]

Fenretinide
Decensi, 2000,
Italy (20)

Sabichi, 2008, US
(34)

Years of
diagnosis

Follow-up

No. of subjects per Treatment
treatment group
duration

Drop-out (n)

Outcome and
timing of
measurement

Effect

Covariates
adjustment

Recurrent NMIBC
diagnosed mean
5 (range 1.5–26)
y ago
TURB or electrocoagulation
(unknown %)
NMIBC with at
least 2
recurrences
within previous
18 mo
Primary and
recurrent
NMIBC
TURB

N/A

17.6 mo (10–26)1

15 etretinate
–25 mg/day
15 placebo

Range 10–26 mo

2

Recurrence rate

60% vs. 87%
(p < 0.02)

N/A

Primary and
recurrent
NMIBC
TURB w IVT or
diathermy
Primary and
recurrent
NMIBC (with
minimum
preceding 12month diseasefree interval)
TURB w/wo IVT
(27.7% IVT)

(Timing N/S)

N/A

Up to 8 months

47 etretinate
–50 mg/day
49 placebo

8 mo

12 etretinate
7 placebo

Recurrence at 8
mo

No difference2

N/A

N/A

Control 30 mo
Treatment 33
mo,

37 etretinate –
25 mg/day
42 placebo

Median etretinate
33.0 mo
Median placebo
30.0 mo

15 etretinate 15
placebo

Mean time to first
recurrence

13.6 mo vs.13.5
mo

N/A

1993-1994 Up to 36 mo

49 fenretinide –
200 mg/day
50 controls

24 mo, 3 day drug 12 fenretinide
free period at
12 controls
the end of each
mo

No. of recurrence
at end of
follow-up

27 vs. 21 in
control group
(p = 0.36)

Baseline
values (N/S)

1998–2003 N/A

70 fenretinide –
200 mg/day
67 placebo

12 mo, 3 day drug 70 (N/S which
free period
group)
every 28 days

Recurrence at 1 y

31.5% vs. 32.3%
(p = 0.88)

N/A
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Pedersen, 1984,
Denmark (32)

Study population

Pyridoxine
Byar, 1977 (17)

NMIBC with
estimated
survival >3 y
TURB or
fulguration

1971–1976 31 mo

1979–1981 Mean 3.4 y

33 pyridoxine –
25 mg/day
38 intravesical
thiotepa3
50 placebo

147 pyridoxine –
20 mg/day
144 placebo

Mean 30 mo

Duration N/S

1 pyridoxine
2 placebo

6 pyridoxine
6 placebo

Mean time to first
recurrence
Pyridoxine vs.
placebo
Thiotepa vs.
placebo
Thiotepa vs.
pyridoxine
Recurrence rate
per 100 patient
months
Pyridoxine vs.
placebo
Thiotepa vs.
placebo
Thiotepa vs.
pyridoxine
Mean time to
progression
Pyridoxine vs.
placebo
Thiotepa vs.
placebo
Thiotepa vs.
pyridoxine
Mean time to first
recurrence
Recurrence rate
per year
Progression at
end of follow-up
Survival at end
of follow-up

N/A
No

difference2

No difference2
No difference2

No difference 2,4
p = 0.016
p = 0.015

No difference2
No difference2
No difference2
No difference
(p = 0.30)
No difference
(p = 0.992)
No difference2
No difference
(p = 0.53)

Recurrence
rate before
entry,
numbers of
tumors at
entry,
tryptophan
metabolite
levels
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Newling, 1995,
England (31)

Primary and
recurrent
NMIBC
TURB

(Continued)
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Table 3
(Continued)
Source (Study
location)

Study population

Vitamin E
Mazdak, 2012, Iran NMIBC
(26)
TURB

Nepple, 2010, US
(30)

Drop-out (n)

Outcome and
timing of
measurement

Duration N/S

N/S

Recurrence at the RR 0.53
end of follow-up
(0.11–0.94)
OR 0.42
(p = 0.04)

N/A

30 RDA of
multiple
vitamins/day
35 RDA plus
megadose5 of
vitamin A, B6,
C, E and
zinc/day
336 RDA of
multiple
vitamins
334 megadose
vitamins6

Duration N/S

N/S

Recurrence at 1y

37% vs. 9%
(p = 0.008)
Overall recurrence 80% vs. 40%
rate
(p = 0.001)
Survival rate
76% vs. 74%
(p = N/S)

N/A

Median 24 mo

N/S

Time to first
recurrence

HR 1.07
(0.83–1.39)

N/A

1988-1989 Control 428 days
Treatment 427
days

29 Lactobacillus
casei
preparation –
3 g/day
29 placebo

12 mo

2 drop-out
Lactobacillus
casei
preparation

50%
recurrence-free
interval

Treatment 350 d;
placebo 195 d
HR 2.41
(p = 0.028)

1990-1991 N/S

68 Lactobacillus
casei
preparation
–3 g/day
70 placebo

12 mo

4 drop-out
Lactobacillus
casei
preparation
4 drop-out
placebo

50% recurrence
No difference
free period all
(p = 0.325)
patients
50% recurrence
Treatment 688 d;
free period
placebo 543 d
group A and B7 HR 2.58
(p = 0.013)

Age, grade,
primary or
recurrent
tumor,
multiplicity,
tumor size
Univariable

1999–2003 Median 24 mo
NMIBC
113 recurrences
RDA (33.6%)
118 recurrences
megadose
vitamins (35.3%)
Biopsy or TURB
(98.5%) and IVT

Primary and
recurrent
NMIBC
TURB

No. of subjects per Treatment
treatment group
duration

2006–2010 Control 12.1 mo
21 vitamin E –
Treatment 16.2 mo
400 IU/day
25 placebo

NMIBC and MIBC 1985–1992 Control 40 mo
(control 87%
(6–80)
NMIBC;
Treatment 49
treatment 88.6%
(6–81)
NMIBC)
TURB w IVT

Lactobacillus casei
preparation
Aso, 1992, Japan
Primary and
[41]
recurrent
NMIBC
TURB

Aso, 1995, Japan
(14)

Follow-up

Effect

Covariates
adjustment

Clinical and
patient characteristics
(N/S)
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Multiple vitamins
Lamm, 1994, US
(24)

Years of
diagnosis

Naito, 2008, Japan
(28)

Primary and
recurrent
NMIBC
43 recurrences
selenium (28%)
45 recurrences
placebo (32%)
15 progression
selenium (10%)
14 progression
(10%) placebo
TURB

100 Lactobacillus
casei
preparation
–3 g/day
102 control

2009–2013 Median 17.9 mo
151 selenium –
(range 0.1 to 36)
200 g/day
vs. 17.8 (range 141 placebo
0.4 to 36)

12 mo

36 mo

N/S

41 drop-out
selenium 35
drop-out
placebo

Recurrence free
survival rate
at 3 y
Progression free
survival rate
(timing N/S)
Overall survival
rate (timing
N/S)

HR 0.57
(0.35–0.93)

Recurrence

HR 0.88
(0.58–1.35)
HR 0.89
(0.42–1.86)

Progression free
interval

Multiplicity,
tumor size,
stage

No difference2

No difference2

Age, gender,
smoking
status,
staging,
baseline
serum
selenium
level,
hospital
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Selenium
Goossens, 2016,
Belgium (21)

Primary and
1999–2002 Median 43.6 mo
recurrent
(range 0.2 to
NMIBC
75.0) vs. 26.9
26 recurrences
(range 0.6 to
Lactobacillus
79.9)
casei preparation
(26%)
42 recurrences
control (41%)
4 progression
(1.9%)
5 deaths (2.4%)
2 BC deaths (1%)
TURB and IVT

HR (95% CI) printed in bold means result statistically significant at the p < 0.05 level; 1 Excluding one patient in the placebo group who died after 6 months; 2 p value not reported; 3 Thiothepa is a
cytotoxic, alkylating agent used as chemotherapy; 4 When patients followed up less than 10 months are excluded p 0.03; 5 Daily dose of patients in megadose group: 40,000 IU vitamin A, 100 mg
vitamin B6, 2,000 mg vitamin C, 400 IU vitamin E and 90 mg zinc; 6 Daily dose of patients in megadose group: 36,000 IU vitamin A, 100 mg vitamin B6, 2,000 mg vitamin C, 1,600 IU vitamin
D3, 1.6 mg folate, 400 IU vitamin E and 30.4 mg zinc; 7 Only 78 patients with primary multiple tumors or recurrent single tumors were evaluated (39 Lactobacillus casei preparation; 39 placebo).
Abbreviations: d: days; IU: International Unit; IVT: intravesical therapy; MIBC: muscle invasive bladder cancer; mo: months; NMIBC: non-muscle-invasive bladder cancer; N/A: not assessed;
N/S: not specified; RDA: recommended daily allowance; TURB: transurethral resection of the bladder; y: years.
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of lifestyle factors on the prognosis of patients with
UBC. A total of 31 studies on BMI, diet or dietary
supplements were included while studies on physical
activity were not available. Overweight and obesity
compared to normal weight were associated with
increased risk of recurrence but not progression in
NMIBC. Results of studies on BMI in relation to
prognosis in NMIBC and MIBC patients combined
or restricted to MIBC patients were inconsistent and
sometimes even opposite. Observational cohort studies on diet and dietary supplementation studies found
some inverse associations with risk of recurrence,
CSM, or ACM, but only for single foods and specific
supplements.
The biologic mechanisms underlying the association of lifestyle factors with cancer prognosis
in general, and UBC prognosis in particular, are
not well understood [1]. Our results that show an
increased recurrence risk in overweight or obese
NMIBC patients may be explained by systemic and
local changes induced by obesity, such as altered
levels of insulin, insulin-like growth factor-1, leptin, adiponectin, steroid hormones, and cytokines [42,
43]. In NMIBC patients, markers of systemic inflammatory response have indeed been associated with
increased risk of recurrence and progression [44].
Also, potential difficulties in performing a high quality (complete) transurethral resection of the bladder
may play a role, particularly for obese patients [5, 39].
For NMIBC patients it therefore seems advisable to
attain or maintain a healthy body weight. However, it
should be kept in mind that available evidence is limited to three studies of which only one was adjusted
for smoking [38]. For MIBC patients, results were
inconsistent and no recommendations can be made.
Dietary factors are also likely to be relevant in
UBC carcinogenesis and prognosis. Several harmful as well as beneficial substances from food are
excreted via the urine and may directly act on urothelial cells. Bioactive food compounds can be involved
in numerous pathways, such as inhibition of inflammation [45], inhibition of cell proliferation, invasion,
angiogenesis, and metastasis and induction of apoptosis [46], and suppression of self-renewal of cancer
stem cells [45, 47]. However, based on the current
available evidence, no recommendations on diet and
UBC prognosis can be made.
Limitations of the studies included
Studies on BMI and dietary factors conducted
to date mostly included a heterogeneous study

population with different stages and grades of UBC
and undergoing different treatments. Risk of recurrence, progression and CSM differs by UBC stage
and grade [48]. This should be taken into account
when evaluating the association of BMI and dietary
factors with these disease endpoints. However, none
of the studies included in our review performed subgroup analyses by tumor stage and grade, possibly
masking true associations. Also, disease progression
was investigated in a minority of the studies and
several observational studies only investigated the
association with CSM or ACM, which are not preferable endpoints for NMIBC. Since risk of death from
NMIBC is relatively low, mortality mainly reflects the
general health condition of the participants instead of
the consequences of bladder cancer. Thus, a possible
association of BMI and dietary factors with disease
outcomes in these heterogeneous UBC populations
may have been missed.
In several studies, BMI and diet were not the primary factor of interest, and only one or a few single
dietary factors were studied in relation to UBC prognosis. Since dietary components interact with each
other in a complex way, it is preferable to take the
entire dietary pattern into account instead of single dietary factors. Furthermore, depending on dose,
dietary supplements can prevent or promote growth
of tumor cells or existing (pre)cancerous lesions.
For example, the ATBC study reported an increased
instead of expected decreased incidence of lung,
prostate and stomach cancer in Finnish male smokers
receiving supplements with supraphysiological doses
of ␤-carotene versus placebo [49]. In addition, recent
mouse experiments showed that antioxidants may
protect melanoma and lung cancer cells and promote
growth and the ability to metastasize [50, 51]. UBC
survivors could be using dietary supplements more
frequently than population controls, as is observed
for prostate cancer survivors [52]. Given the lack of
evidence for a beneficial effect on prognosis in UBC,
and reasoning that the same biology may apply for
UBC as for other neoplasms, urologists may consider
to advise UBC survivors against using dietary supplements. This advice is in line with the WCRF/AICR
cancer prevention recommendation not to use dietary
supplements to protect against cancer [53].
The observational studies on BMI were generally based on historical cohorts with information
retrospectively collected from medical records of
consecutive patient series. This may have led to selection bias and incomplete retrieval of information.
Also, almost none of the included studies compared
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the same BMI categories, and some studies [29, 40]
did not use official BMI categories as defined by
the World Health Organization to compare patients,
possibly explaining the inconsistent results. Furthermore, only one of the studies included other
measures to assess obesity or body composition, such
as waist-to-hip ratio or densitometry [33]. The observational studies on dietary factors were mostly based
on follow-up of existing case-control studies, were
small, did not report the type of questionnaire used,
and defined only two broad comparison groups (e.g.
ever vs. never, > vs. < median, ≥1 vs. <1 servings per
month) [27, 36, 37]. None of the studies investigated
post-diagnostic BMI and only one study investigated
post-diagnostic diet but was restricted to overall fluid
intake [9]. Post-diagnostic changes in BMI or diet in
relation to prognosis were not addressed, while the
most relevant question for patients is whether making
lifestyle changes affects their prognosis. Most supplementation studies also had a limited sample size and
in some of these studies only a few patients experienced the outcome(s) of interest, highly limiting the
statistical power. Some studies did not report whether
study participants and investigators were blinded
[13, 14, 17, 24, 26, 32, 41] and one study was
not blinded [28]. In addition, for both observational and supplementation studies heterogeneity was
present in type of exposure, timing of exposure
assessment and outcomes of interest which makes
it difficult to compare studies and to draw conclusions. Incomplete reporting of patient characteristics
and methods aggravated this problem. Also, smoking was only taken into account in some studies.
Thus, there is a potential risk of bias in individual
studies.
Ongoing challenges and steps to be taken
Taking into account the shortcomings of the studies published to date, there is an urgent need for
well-designed, prospective cohort studies on the association of dietary and other lifestyle factors with UBC
prognosis. There are several considerations for the
design of such studies. First of all, patients newly
diagnosed with UBC should be recruited rapidly so
that data collection can start shortly after diagnosis.
Ideally, questionnaires should cover the entire diet,
and assessment of pre-diagnostic dietary and lifestyle
habits should be followed by repeated post-diagnosis
assessments to capture changes in lifestyle. In this
way, the most relevant question for the patient can be
addressed, i.e. whether lifestyle changes are related to
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UBC prognosis. Furthermore, blood samples should
be collected to investigate biomarkers of dietary and
lifestyle habits. A representative, population-based
sample of UBC patients should be included to assure
generalizability, but NMIBC and MIBC patients
should be investigated separately and, if possible, by
molecular subtype as relevant disease outcomes and
prognosis are clearly different for these subgroups
[54]. Sample size should be large enough to study
associations with sufficient power, and to study progression which is a less frequent outcome. Smoking
and perhaps antidiabetic medication use should be
taken into account as the association between lifestyle
and UBC prognosis may be confounded by these factors, or may be different according to subgroups of
these factors. Furthermore, physical activity may be
a relevant lifestyle factor for further investigation as
well, since it has been suggested to improve immune
system functioning and to reduce systemic inflammation, thereby positively influencing the course of
disease [55, 56].
Also, studying body composition may be more relevant than BMI, as BMI cannot distinguish between
fat mass and skeletal muscle mass, and only low
muscle mass but not fat mass has been associated with increased risk of ACM in MIBC patients
[33, 57].
CONCLUSIONS
This review suggests that BMI and certain dietary
factors and supplements may influence bladder
cancer prognosis, but no strong conclusions can
be drawn. Well-designed prospective studies are
needed to provide UBC patients with evidencebased lifestyle guidelines to improve their prognosis.
These studies should include patients shortly after
diagnosis, need repeated lifestyle measurements and
examine appropriate endpoints (recurrence and progression in NMIBC, CSM and ACM in MIBC).
Until new evidence becomes available, UBC patients
are advised to follow the World Cancer Research
Fund/American Institute for Cancer Research recommendations for cancer prevention which are focused
on maintaining a healthy weight, being physically
active and eating a healthy diet.
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APPENDIX A
PubMed search
BMI, physical activity, nutrition and bladder cancer recurrence, progression and survival
A
“Urinary bladder neoplasms”[MeSH Terms] OR ((“malignant”[tiab] OR “malignancy”[tiab] OR “malignancies”[tiab] OR “neoplasm”[tiab] OR “neoplasms”[tiab] OR “carcinoma”[tiab] OR “carcinomas”[tiab] OR
“cancer”[tiab] OR “cancers”[tiab] OR “tumor”[tiab] OR “tumors”[tiab] OR “tumour”[tiab] OR “tumours”[tiab])
AND (“bladder”[tiab] OR “urothelial”[tiab]))
B
“Recurrence”[MeSH Terms] OR “Neoplasm Recurrence, Local” OR “Disease Progression”[MeSH Terms]
OR “Disease-Free Survival”[MeSH Terms] OR “Mortality”[MeSH Terms] OR “Mortality”[Subheading]
OR “Survival Analysis”[MeSH Terms] OR “recur”[tiab] OR “recurrence”[tiab] OR “recurrences”[tiab] OR
“relaps”[tiab] OR “relapse”[tiab] OR “relapses”[tiab] OR “survivor”[tiab] OR “survivors”[tiab] OR “progression”[tiab] OR “survival”[tiab] OR “mortality”[tiab] OR “death”[tiab]
C
“Body Weights and Measures”[MeSH Terms] OR “Body Composition”[Mesh Terms] OR “Adipose Tissue”
[Mesh Terms] OR “weight”[tiab] OR “body weight”[tiab] OR “body mass index”[tiab] OR “bmi”[tiab] OR
“quetelet index”[tiab] OR “waist circumference”[tiab] OR “hip circumference”[tiab] OR “waist hip ratio”[tiab]
OR “waist to hip ratio”[tiab] OR “body fat distribution”[tiab] OR “body fat”[tiab] OR “overweight”[tiab] OR
“obesity”[tiab] OR “weight gain”[tiab] OR “weight change”[tiab] OR “body composition”[tiab] OR “adipose
tissue” [tiab]
D
“Exercise”[MeSH Terms] OR “Sports”[MeSH] OR “physical activity”[tiab] OR “motor activity”[tiab] OR
“exercise”[tiab] OR “sports”[tiab] OR “running”[tiab] OR “jogging”[tiab] OR “swimming”[tiab] OR “walking”[tiab]
E
“Diet”[MeSH Terms] OR “diet therapy”[MeSH Terms] OR “food and beverages”[MeSH Terms] OR “nutritional
sciences”[MeSH Terms] OR “antioxidants”[MeSH Terms] OR “micronutrients”[MeSH Terms] OR “antineoplastic agents”[MeSH terms] OR “diet”[tiab] OR “diets”[tiab] OR “dietary”[all fields] OR “intake”[tiab] OR
“nutrition”[tiab] OR “food”[tiab] OR “antioxidant”[tiab] OR “antioxidants”[tiab] OR “micronutrient”[tiab]
OR “micronutrients”[tiab] OR “vitamin”[tiab] OR “vitamins”[tiab] OR “supplement”[tiab] OR “supplements”
[tiab]
EMBASE search
BMI, physical activity, nutrition and bladder cancer recurrence, progression and survival
A
exp bladder tumor/ OR ((malignant OR neoplasm OR neoplasms OR carcinoma OR carcinomas OR cancer OR
cancers OR tumor OR tumors OR tumour OR tumours) AND (bladder OR urothelial)).ti,ab
B
exp recurrent disease/ OR exp disease progression/ OR exp disease-free survival/ OR exp mortality/ OR exp
cause of death/ OR exp survival/ OR exp survival rate/ OR (recur OR recurrence OR recurrences OR relapse OR
Disease-Free Survival OR Disease-Free Survivals OR Event Free Survival OR Event Free Survivals OR survivor
OR survivors OR Progression-Free Survival OR Progression-Free Survivals OR survival OR survival rate OR
remission).ti,ab
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C
exp body height/ OR exp body weight/ OR exp body mass/ OR exp waist circumference/ OR exp waist hip
ratio/ OR exp adipose tissue/ OR exp obesity/ OR exp body composition/ OR (weight OR body weight OR
body mass index OR bmi OR quetelet index OR waist circumference OR hip circumference OR waist hip ratio
OR waist to hip ratio OR body fat OR overweight OR obesity OR weight gain OR weight change OR body
composition OR adipose tissue).ti,ab
D
exp motor activity/ OR exp exercise/ OR exp sport/ OR (physical activity OR motor activity OR exercise OR
sports OR running OR jogging OR swimming OR walking).ti,ab
E
exp diet/ OR exp diet therapy/ OR exp food/ OR exp nutritional science/ OR exp antioxidant/ OR exp trace
element/ OR exp antineoplastic agent/ OR (diet OR diets OR dietary OR dietary intake OR intake OR nutrition
OR food OR antioxidant OR antioxidants OR micronutrient OR micronutrients OR vitamin OR vitamins OR
supplement* OR dietary supplement OR food supplement).ti,ab

