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Diet, Physical Activity, and Smoking in Patients Living with Non-Muscle Invasive 
Bladder Cancer 

Abstract 
Background Modifiable lifestyle factors have been implicated in bladder cancer outcomes. 
Further study is warranted to inform future strategies in patients with non-muscle invasive 
bladder cancer (NMIBC). 
Objective We aim to describe modifiable behaviors (smoking, diet, and physical activity) in a 
cohort of patients with NMIBC.
Methods We conducted an observational cross-sectional study in patients undergoing 
surveillance for NMIBC. A comprehensive survey comprised of validated measures of physical 
activity, diet, and mutagen consumption was administered. We assessed a “healthy lifestyle 
score” consisting of body mass index (BMI) <25, smoking status, and physical activity (aerobic 
exercise minutes). We examined differences in lifestyle factors by stage, grade, recurrence, 
BMI, age, gender, and education level. 
Results In a cohort of 113 NMIBC patients, median age was 67 years (IQR: 59, 73) and 
median time since initial diagnosis was 26 months (IQR: 9, 42). Low levels of healthy habits are 
common among patients with NMIBC. Those with a BMI of ≥25 had greater red and processed 
meat intake, higher mutagen intake, and lower physical activity. Older patients reported more 
supplement use and lower physical activity. Low education level was associated with a less 
healthy lifestyle (higher processed meat consumption, higher Meiqx mutagen consumption, 
and lower physical activity). 
Conclusions In patients undergoing surveillance for NMIBC, 25% had all three components 
reflecting a healthy lifestyle. Older age, lower education, and higher body mass index were 
associated with fewer healthy habits. Education on healthy lifestyle changes should be a key 
component in NMIBC survivorship care.
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Introduction

Bladder cancer is the 2nd most common genitourinary cancer 
with 82,290 expected new cases and 16,710 deaths in 2023 [1]. 
Approximately 75% of patients present with non muscle-invasive 
disease (NMIBC), characterized by high rates of recurrence [2].
Smoking cessation is the most notable and well-supported behavior 
modification to reduce bladder cancer recurrence in patients with 
NMIBC [3-6]. Other lifestyle factors associated with reduced 
recurrence of bladder cancer include: healthy BMI, lactobacillus 
casei supplementation, type 2 diabetes mellitus management, 
vitamin E supplementation; and avoidance of supplemental folate, 
“western diet” comprised of high quantities of red meat and 
fried foods, areca nut chewing, and glyburide [5]. Prior studies 
examining physical activity have suggested protective effects 
on risk of bladder cancer mortality[7], though no studies have 
investigated physical activity after diagnosis and recurrence in 
NMIBC patients [5]. 
    Modifying behavioral factors such as diet and physical activity 
in patients with bladder cancer may improve bladder cancer 
survivorship. A study examining a wide range of modifiable 
factors is warranted to inform future management strategies in 
patients with NMIBC. We aimed to describe modifiable behaviors 
in patients with NMIBC and explore whether these differed by 
clinical and sociodemographic characteristics. We hypothesized 
that modifiable behaviors may differ by grade, stage, recurrence 
status, healthy body mass index (BMI), age, gender, and education 
level. To our knowledge, this is the first study to examine behaviors 
by these characteristics in NMIBC patients.

Materials and Methods

Study population

We conducted an IRB-approved study (#10-04057) at the 
University of California, San Francisco (UCSF) using validated 
questionnaires to assess lifestyle habits in patients undergoing 
surveillance for NMIBC using a cross-sectional study design. We 
identified participants with histopathologic diagnosis of NMIBC 
(Ta or T1 urothelial carcinoma, CIS). Patients were excluded if 
their preferred language was not English, had predominant variant 
histology, or had prior radical cystectomy. All consecutive new and 
follow-up patients with an eligible diagnosis were prospectively 
offered participation during in-person clinic visits and consented. 
Consenting participants independently completed surveys 
electronically via Research Electronic Data Capture (REDCap) or 
paper questionnaire between 03/23/19 and 03/27/2020. Additional 
clinical information was abstracted via medical record review. 

Physical activity assessment

Participants were asked how often (never to 11+ h/wk) on average 
over the past year they participated in walking for exercise, 
transportation, or errands; jogging (>10 min/mile); running 
(10 min/mile or faster); calisthenics, aerobics, rowing, Nordic 
track; bicycling; tennis, squash, racquetball; lap swimming; 
weightlifting; and other aerobic exercise (e.g., heavy outdoor 
work), as well as their usual walking pace (based on a validated 
questionnaire) [8, 9]. A metabolic equivalent task (MET) value 
was assigned to each activity on the basis of the energy required 
by that activity relative to the resting metabolic rate [8]. Activities 
were classified as vigorous if they required 6 or more METs 
[10]. The following relevant variables were derived for statistical 
analyses: total activity in MET-hr/week, moderate to vigorous 
aerobic activity in MET-hr/week, which are standard physical 
activity measures, and whether one was meeting the United States 

(US) exercise recommendation of ≥150 minutes of aerobic exercise 
per week (yes/no), [11] which aligns with the guidelines for cancer 
survivors [12].

Dietary intake assessment

The validated food frequency questionnaire (FFQ) [13] included 
127 food and beverage items plus supplements. A portion size was 
specified for each item, and participants were asked how often 
they had consumed that amount of the item on average over the 
past year (never, <1 time/mo, 1 time/mo, 2-3 times/mo 1 time/
wk, 2-4 times/wk, 5-6 times/wk, 1 time/d, 2+ times/d). Intake of 
each food item was calculated by multiplying the frequency of 
consumption by the portion size specified. Additional questions 
addressed the type of fat used when cooking, the frequency of 
fried food consumption, and an open-ended section for any foods 
eaten frequently that were not included in the multiple-choice 
section. We defined 14 food groups for this analysis: cruciferous 
vegetables, cooked tomatoes, healthy fats, fish, processed meats, 
dairy, fruits, vegetables, lean protein, red meat, breads/cereals/
starches, non-alcoholic liquids, alcohol, and sweets/desserts. 
Foods that were included in each of the categories are included in 
Supplementary (Suppl.)，Table 1.  

Mutagen intake assessment

The Computerized Heterocyclic Amines Resource for Research 
in Epidemiology of Disease (CHARRED) questionnaire was 
developed in 2006 and includes data on heterocyclic amines 
(HCA) and meat-derived mutagenicity (MDM) [14]. Details on 
the typical size, cooking modality and doneness of these foods are 
shown in Suppl. Table 1. The frequency of cooked meat intake 
in these categories was multiplied by the measured heterocyclic 
amine (ng/g meat) or MDM levels (revertant colonies/g meat) 
using the CHARRED software (version 1.7, 2006) [15]. Outputs 
from this calculation included intake of 3 HCAs: 2-Amino-1-
methyl-6-phenylimidazo [4, 5-b] pyridine (PhIP), 2-amino-3,8-
dimethylimidazo [4, 5-f] quinoxaline (MeIQx), 2-amino-3,4,8-
trimethylimidazo [4, 5-f] quinoxaline (DiMeIQx); actual and 
predicted total mutagenicity (variable incorporating mutagenicity 
of all meat-related mutagens); and Benzo[a]pyrene (B[a]p), a 
measure of overall PAH exposure from meat [16, 17]. Mann-
Whitney and Kruskal-Wallace tests were used to examine 
differences in distributions between groups.

Other exposures of interest

Medical history, demographics, smoking history, food security, 
and supplement use were also self-reported. Clinical data about 
bladder cancer history were collected from the electronic medical 
record (EMR). Slight modifications were piloted at 7 months to 
address the updated scientific literature pertaining to diet and 
supplements. i.e. raw versus cooked broccoli consumption and 
probiotic supplement consumption. A healthy behavior score was 
generated that included 3 factors consistent with evidence-based 
recommendations for cancer survivorship: not smoking, BMI, and 
physical activity. Participants were considered ‘healthy’ if they 
had a BMI less than 25 kg/m2, reported a level of physical activity 
meeting the US physical activity guidelines of 150 minutes of 
moderate-vigorous activity/week, [11] and were a never smoker 
or had quit smoking 10 or more years ago, which follow guidance 
from national organizations such as the American Cancer Society 
for patients diagnosed with cancer [18] and the Centers of Disease 
Control and Prevention [19].
    Our primary objective was to describe the study population’s 
lifestyle behaviors using medians and interquartile (IQR) range 
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Table 1. Participant characteristics of patients living with NMIBC (n=113)*.

Items Characteristic, Median (IQR) or n (%)

Total n = 113*

Age at survey start 67 (59, 73)

Sex
Male 76 (67%)

Female 37 (33%)

Grade at initial diagnosis

High-grade 72 (65%)

Low-grade 38 (34%)

PUMLMP 1 (1%)

Stage at initial diagnosis

Ta  66 (58%)

 T1 29 (26%)

CIS only 4 (3%)

Papillary tumor with CIS 9 (8%)

Ta with CIS 6 (5%)

T1 with CIS 2 (2%)

Ta and T1 with CIS 1 (1%)

Missing initial pathology 2 (2%)

Highest level of education

Grade school 1 (1%)

High school 14 (12%)

2-year college 16 (14%)

4-year college 29 (26%)

Graduate/professional 53 (47%)

History of occupational exposure(s) Agent Orange 1 (1%)

Smoking statusa, b

Never 62 (55%)

Former 49 (43%)

Pack-yearsc 10 (4, 21)

Current 2 (2%)

Pack-yearsc 16 (13, 19)

Body mass index (BMI) at survey starta,d                                            26 (24, 29)

Physical activity

Total MET-hr/week 28.5 (7.5, 51.2)

Moderate-Vigorous Aerobic, MET- hr/week 23.0 (4.6, 49.5)

Walking, hr/week 2.5 (1.0, 5.0)

Strength Training, min/week 0 (0, 60)
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for continuous variables and N and % for categorical variables, 
overall, and report on the percentage of patients with a ‘healthy’ 
score. In exploratory analyses we present the data by subgroups 
determined a priori, including initial stage and grade (LGTa, 
HGTa, HGT1, or CIS with/without concurrent papillary tumor), 
BMI <25 or ≥25 kg/m2, age (<65 or ≥65 years), gender (male 
or female), and education level (completion of 2-year college or 
higher (high) or high school completion or lower (low) to develop 

hypotheses for future studies and also to inform clinical practice 
(e.g., if healthful behaviors were considerably lower in certain 
patient subgroups compared with others). In exploratory analyses, 
we conducted non-parametric Mann-Whitney U or Kruskal Wallis 
tests to assess differences in the distribution of the data among 
the groups, and chi-square test or Fisher’s exact test were used to 
examine differences between categorical variables. Statistical tests 
were 2-sided and were performed at the 0.05 level of significance. 

Table 1. Participant characteristics of patients living with NMIBC (n=113)* (Continued).

Items Characteristic, Median (IQR) or n (%)

Servings/day, over past year, Median (IQR)

Total fruits 2.0 (1.2, 3.5)

Total vegetables 3.6 (2.4, 5.4)

Total broccoli 1 (1, 3)

% cookede 90 (70, 100)

% uncookede 10 (0, 25)

Cruciferous vegetables 0.6 (0.3, 1.1)

Lean protein 1.1 (0.6, 1.6)

Healthy fats 1.6 (1.0, 2.4)

Processed meats 0.2 (0, 0.4)

Red meat 0.3 (0.1, 0.5)

Dairy 1.3 (0.6, 2.1)

Sweets 1 (.3, 1.4)

Total liquids 3.4 (2, 5.1)

Drinks with alcohol 0.4 (0.1, 1)

Drinks without alcohol 2.7 (1.3, 3.9)

Supplements

Multivitamins  41 (40%)

Vitamin B9 (folate) 3 (3%)

Vitamin E( Current) 6 (6%)

Vitamin E(Past) 32 (32%)

Probioticsa 17 (35%)
aSelf-reported;

bCurrent or former smoking status defined as 20 packs or more over lifetime;

cCalculated from packs/day and years smoked, with less than ½ pack/day approximated as ¼ pack/day;

dCalculated from self-reported height and weight;

eSlight modifications were made to the questionnaire at 7 months to be more inclusive of the diet and supplement literature (i.e., 
what proportion of consumed broccoli is raw, probiotics, glyburide); thus, only 48 of 113 participants contributed responses to these 
questions.

*Includes all patients with clinical data who completed at least one survey.
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Statistical analyses were performed using SAS version 9.4. 

Results

We contacted and consented 143 potential participants; 113 (79%) 
participants completed at least one validated survey, and 100 (70%) 
participants completed all surveys. The median age at survey 
completion was 67 (IQR: 59, 73). The cohort is predominantly 
male (67%), White (90%), well-educated (47% with graduate 
degree; 13% with 2-year college or less), retired (50%), and lives 
at home with a partner/spouse (75%). Demographic and clinical 
characteristics are summarized in Table 1 and Suppl. Table 2. The 
median time between initial bladder cancer diagnosis and survey 
start was 26 months (IQR: 9, 42). The median BMI was 26 (24, 
29). Commonly reported comorbidities were elevated cholesterol 
(51%), high blood pressure (43%), arthritis or similar condition 
(40%), and other cancer (31%). The cohort was comprised of 

predominantly intermediate- and high-risk bladder cancer patients, 
with 65% of participants presenting with high-grade disease. 
Most (73%) received intravesical therapy, and 10% had undergone 
multiple regimens of intravesical therapy. 
    Lifestyle-related characteristics are summarized in Table 1 and 
Suppl. Table 2. Median level of total activity was 28.5 MET-hr/
wk, with 2.5 hours/week classified as walking and 0 min/week 
of strength training. Median intake levels over 1 year were the 
following: fruit, 2.0 servings/day, vegetables, 3.6 servings/day, 
red meat, 0.3 servings/day, and processed meat, 0.2 servings/
day. 40% of participants used multivitamins, while 35% reported 
taking probiotics. Few participants reported food insecurity; most 
participants prepared their own meals from groceries. 56% of 
participants were eating out at restaurants one or more times a 
week and 24% were eating take out from restaurants one or more 
times per week. 
    For NMIBC characteristics, no statistically significant 

Figure 1. Percentage of participants meeting all three criteria of the Lifestyle Score: Body mass index <25, never smoker or quit at least 10 
years ago, and meeting the national physical activity guidelines of ≥150 minutes of aerobic exercise per week. *p-value <0.05.
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supplement use compared with those age <65 (86% vs 69%, 
respectively, p= 0.04). Age ≥65 years was also associated with 
markedly lower physical activity levels (MET-hr/wk of moderate-
vigorous aerobic activity, p= 0.04; percentage meeting national 
exercise recommendations, p= 0.04). (Suppl. Table 3). Women 
consumed more dairy than men (p= 0.03), while men consumed 
more alcohol than women (p= 0.04). Otherwise, men and women 

differences were found by grade or stage at diagnosis or history 
of recurrence for any lifestyle risk factors (data not shown). BMI 
≥25kg/m2 was associated with greater red meat intake (p= 0.0007), 
processed meat intake (p= 0.03), and lower physical activity levels 
(total MET-hr/wk, p= 0.046; hr/wk of walking, p= 0.02; and higher 
mutagen intake (B[a]p intake, p= 0.02) (Table 2). Supplement use 
was high overall, but age ≥65 years was associated with greater 

Table 2. Lifestyle characteristics by body mass index (BMI)*.

Subgroup BMI <25 (N=36) BMI ≥25 (N=77)

Food Groups

Vegetables, s/d 3.3 (2.4, 4.1) 3.8 (2.4, 5.7)

Cruciferous Vegetables, s/d 0.5 (0.4, 1.0) 0.6 (0.3, 1.1)

Fruit, s/d 2.4 (1.2, 3.2) 2.0 (1.1, 3.6)

Lean Protein, s/d 0.9 (0.6, 1.3) 1.1 (0.6, 1.8)

Red Meat, s/d 0.1 (0, 0.3) 0.4 (0.2, 0.6)

Processed Meat, s/d 0.1 (0, 0.4) 0.3 (0.1, 0.5)

Healthy Fat, s/d 1.8 (1.1, 2.6) 1.6 (1.0, 2.3)

Dairy, s/d 1.1 (0.5, 2.1) 1.3 (0.9, 2.1)

Alcohol, s/d 0.4 (0.1, 1.0) 0.4 (0.1, 1.0)

Broccoli, s/d 1.0 (1.0, 3.0) 1.0 (0.5, 3.0)

Cooked, s/d 97.5 (77.5, 100.0) 90.0 (70.0, 100.0)

Uncooked, s/d 2.5 (0.0, 22.5) 10.0 (0.0, 30.0)

Mutagens

Phip, ng/g 24.1 (1.6, 107.8) 67.1 (14.3, 171.5)

Meiqx, ng/g 5.3 (1.4, 23.3) 12.8 (4.0, 31.1)

Dimeiqx, ng/g 0.4 (0, 1.6) 1.0 (0.3, 3.0)

Actual total mutagenicity, ng/g 1676.7 (217.5, 3951.4) 2878.1 (910.2, 5866.7)

Predicted total mutagenicity, ng/g 968.4 (543.3, 3182.1) 2496.4 (988.1, 5269.7)

B[a]p, ng/g 3.1 (0.1, 23.6) 26.3 (0.9, 52.5)

Supplement Use
Multivitamin use, yes, % 33.3 42.9

Single supplement use, yes, % 78.8 80.9

Physical Activity

Total, MET-hr/week 41.8 (19.9, 56.2) 21.8 (6.4, 51.2)

Moderate-Vigorous Aerobic, MET-hr/week 34.2 (10.8, 49.5) 21.0 (3.3, 48.7)

Walking, hr/week 3.8 (1.3, 5.0) 2.5 (0.7, 5.0)

Strength Training, min/week 0 (0, 52.8) 0 (0, 78.0)

Meeting exercise recommendation, % 85.3 68.0

*Bolded results denotes p-values of <0.05 based on Mann-Whitney U Test or Kruskal-Wallis Test for continuous 
variables testing differences in the distribution of the data among the groups, and the Chi-Square test or Fisher’s 
Exact Test for categorical variables.
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recommending that engaging in physical activity may be 
associated with lower risks of several cancers including bladder 
cancer, [25] no studies have evaluated physical activity and clinical 
outcomes after NMIBC diagnosis. The pending Bladder cancer 
and exeRcise trAining during intraVesical thErapy (BRAVE) 
trial (NCT04593862) will examine the safety and feasibility of 
a 12-week exercise intervention in patients with bladder cancer 
undergoing intravesical therapy for NMIBC and may shed some 
light on impact to cancer outcomes (at 3-month and 1-year follow-
up by cystoscopy) [26].  
    Limitations include the cross-sectional design and small sample 
size; however, to our knowledge this is the largest study to describe 
lifestyle factors, including mutagen intake, across demographic 
characteristics in patients with NMIBC. Similar to our study, a 
Canadian study reported that bladder cancer survivors (NMIBC 
and MIBC) were not meeting guidelines for important lifestyle 
behaviors, [27] and one other study in NMIBC patients has 
reported changes in behaviors over time, noting that consumption 
of red and processed meat, fruit and vegetables, and current 
smoking status, all declined over time in the first 15 months after 
diagnosis [28]. Our study population was comprised of highly 
educated, mostly White bladder cancer patients with intermediate- 
and high-risk bladder cancer. To improve generalizability to the 
general clinical population, a concerted effort to recruit diverse 
study participants will be required in future studies. The self-
reported nature of this questionnaire predisposes our findings to 
recall bias. In addition, the study duration overlapped with the 
COVID-19 pandemic, which may have impacted food sources; 
however, surveys were completed before 03/27/2020, which 
coincided with the start of COVID-19 shelter-in-place in the 
San Francisco Bay Area starting 03/17/2020. This study was 
exploratory to generate hypotheses for future research. Future 
longitudinal studies should include larger sample sizes to further 
examine these preliminary findings and determine the impact 
of lifestyle factors (e.g., diet, physical activity) and the risk of 
bladder cancer recurrence or progression, and whether certain 
pre-diagnosis behaviors are linked with poorer stage or grade 
at diagnosis of NMIBC. Future qualitative studies should be 
conducted to examine the context, attitudes, and rationale for 
specific lifestyle habits in this population, particularly as dietary 
and exercise behaviors are heavily contingent upon social factors. 
Clinical trials to assess efficacy of various diet interventions are 
needed to definitively guide dietary management for these patients. 
    Nevertheless, this study contributes to an understanding of 
modifiable lifestyle factors in bladder cancer prognosis and which 
sociodemographic characteristics may be associated with healthier 
behaviors. Providing clinical guidance to NMIBC patients on 
general healthy lifestyle recommendations, especially to those who 
are overweight/obese, older, and those with less education, may be 
warranted to improve outcomes for cancer and overall health.

Supplementary Material

Supplemental Table 1 Individual items within the sub-components 
of the food frequency questionnaire (FFQ) and the Computerized 
Heterocyclic Amines Resource for Research in Epidemiology of 
Disease (CHARRED) questionnaire.
Supplemental Table 2 Additional participant characteristics in 
patients with NMIBC (n = 113).
Supplementary Table 3 Lifestyle characteristics in patients with 
NMIBC by age, gender, and education level.
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had similar lifestyle profiles (Suppl. Table 3). Higher education 
was associated with lower processed meat (p= 0.04), more healthy 
fat (p= 0.045), lower Meiqx intake (p= 0.02), and lower predicted 
total mutagen intake (p= 0.04). Those with higher education levels 
consumed qualitatively more fruit and vegetables (~15 additional 
servings combined per week). Higher education was associated 
with more physical activity (total MET-hr/wk, p= 0.045; walking, 
p= 0.003; and higher percentage meeting national exercise 
recommendations, p= 0.01) (Suppl. Table 3). 

Healthy Behavior Score 

The percentage of patients who had behaviors consistent with 
recommended behaviors is shown in Figure 1. Across levels of 
stage/grade, recurrence, age, and gender, only 20-30% met these 
recommendations. Among those with a BMI <25 (one of the three 
healthful behaviors comprising the score), 77% had a lifestyle 
consistent with all three recommended behaviors. Among those 
reporting high education, 27% met all three healthy lifestyle 
recommendations, while 0% of those reporting low education met 
these three recommendations (p= 0.02).

Discussion

While specific lifestyle guidelines do not yet exist for NMIBC 
patients, a recent review of the literature supports possible 
benefits for select factors including smoking avoidance/ cessation, 
maintaining a healthy BMI, lactobacillus supplementation, 
uncooked broccoli consumption, supplemental vitamin E use, 
and possible harmful association for high intake of fried foods 
and red meat, and supplemental vitamin B9 use [5]. Overall, our 
patients with NMIBC report relatively healthy dietary habits 
(i.e., approximately 5+ servings/day vegetables/fruit, limited red/
processed meat intake, moderate dairy intake, low alcohol), with 
very high level of supplement intake in this population (79%), 
and very few current smokers (2%). However, other modifiable 
factors such as physical activity and body weight have room for 
improvement in this cohort. 
    Stratifying by education revealed statistically significant 
differences in dietary and physical activity habits. Most notably, 
those with lower education demonstrated higher processed meat 
consumption, less healthy fat consumption, higher Meiqx mutagen 
intake, and higher predicted total mutagen intake, while patients 
classified as overweight had elevated B[a]p mutagen levels. 
Associations among red meat, processed meat, and mutagen intake 
and bladder cancer carcinogenesis remain unclear. A “western 
diet” consisting of high quantities of red meat and fried foods 
has been previously associated with bladder cancer recurrence, 
[20] while for bladder cancer incidence, a meta-analysis reported 
a summary relative risk estimate of 1.22 (95% CI: 1.04, 1.43) for 
high vs. low processed meat intake [21] and a separate prospective 
observational study reported elevated hazard ratios of 1.29 (95% 
CI: 1.00, 1.67) and 1.19 (95% CI: 0.95, 1.48) between the first 
and fifth quintiles of nitrate and nitrite from processed meat, and 
PhIP mutagen levels, respectively [16]. In addition, we also report 
that no one reporting low levels of education met all three non-
dietary healthy lifestyle recommendations, compared to 27% 
reporting a high level of education. A handful of prior studies 
suggest an association between education level and worse bladder 
cancer outcomes, [22-24] with one study using education as a 
proxy for SES [22]. However, none had investigated associations 
with composite diet and physical activity habits in patients with 
NMIBC as in our study.
    Importantly, physical activity appeared to decrease with 
increasing age and BMI, and increase with higher education 
level. While current Physical Activity Guidelines for Americans 
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