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Abstract

Background: Non-muscle-invasive bladder cancer (NMIBC) disproportionately affects older 

adults who often have co-existing chronic conditions such as metabolic syndrome (MetS). 

Although prior research suggests that MetS is a risk factor for NMIBC, limited data exist on 

whether MetS is associated with NMIBC recurrence. Our objective was to evaluate the association 

between MetS and recurrence in older adults treated for NMIBC.

Methods: We identified 1485 older (age ≥60 years) NMIBC patients (AJCC Stage ≤1) from two 

community-based health systems. Using data from the health systems’ electronic medical record, 

MetS was defined as the presence of three of the following: diagnosis codes indicating 

hypertension, hyperlipidemia, diabetes, or body mass index >30. Follow up time was determined 

by date of the last follow up in the tumor registry and censored at 10 years. Cox proportional 

hazards regression of time to recurrence that accounts for the competing risk of death included 
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adjustment for age, sex, smoking status, health system, NMIBC stage/grade, tumor size, and 

number of specimens with cancer.

Results: Overall, 341 patients (23%) met MetS criteria. Median follow up was 5.9 years and 582 

patients (39.2%) died. Patients with MetS were more frequently male (84.2%), and mostly current/

former smokers (82.6%). By 10 years, 34.1% of the cohort had experienced a recurrence. After 

accounting for the competing risk of death, there was no association between MetS and time to 

recurrence (adjusted hazard ratio, 0.88, 95% confidence interval 0.70–1.11, p=0.28). Patients 

without MetS had more 0a/low grade recurrences (49.1% versus 41.4%), though differences were 

not significant.

Conclusion: We found no association between MetS and risk of NMIBC recurrence in this large, 

multi-site cohort of older adults with NMIBC. In order to design personalized care for older 

NMIBC patients, future research is needed to evaluate associations between common chronic 

conditions and a variety of oncologic outcomes.
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1. INTRODUCTION

Two-thirds of new cancers are diagnosed in older adults over the age of 65 years.1 Older 

cancer patients often have two or more coexisting chronic conditions, also known as 

multiple chronic conditions (MCC), which may impact cancer diagnosis and management. 

For example, cancer treatments may exacerbate chronic conditions, just as those conditions 

and corresponding medications may positively or negatively impact cancer biology, may 

increase treatment toxicity, and may shorten life expectancy.2, 3

The longitudinal interplay among aging, MCC, and cancer is of particular importance in 

bladder cancer, the sixth most common cancer in the United States with the highest median 

age at diagnosis of all cancer sites (73 years).4, 5 Over three-quarters of bladder cancers are 

diagnosed in the early stages as non-muscle-invasive bladder cancer (NMIBC). NMIBC has 

a low risk of cancer-specific death and a high rate of recurrence (30–70%).6 Advanced age 

and smoking are major risk factors for bladder cancer, and also for metabolic syndrome 

(MetS) and related chronic conditions such as hypertension, hyperlipidemia, diabetes, and 

obesity.7

Similar to bladder cancer, MetS also disproportionately affects older adults with the highest 

prevalence in those aged 60 years and older.8 Over 40 million American adults have the 

syndrome. The five components of MetS are abdominal obesity, elevated blood pressure, 

impaired blood sugar, elevated triglycerides, and low high-density lipoprotein (HDL).8, 9 

This constellation of traits is closely associated with an increased risk of cardiovascular 

disease.

Prior studies suggest a link between MetS and the development of bladder cancer; however 

limited data exist on whether MetS is associated with recurrence of NMIBC.10, 11 Given the 

high recurrence rate of NMIBC, understanding the association between MetS and NMIBC 
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recurrence may reduce the need for frequent surgical treatments in this growing population 

of older, medically complex patients by informing risk-based interventions in the future. We 

conducted a retrospective cohort study using existing data from two large community-based 

health systems with the objective of determining the association between MetS and NMIBC 

recurrence in older adults. In order to design personalized care that incorporates an 

individual’s profile of medical complexity, it is important to elucidate the relationships 

between MCC and cancer in older adults.

2. PATIENTS AND METHODS

2.1 Data/Study Population

We previously described the study cohort from two community-based health systems, 

Geisinger and Kaiser Permanente Northwest (KPNW).12 After Institutional Review Board 

approval, we identified 1835 older adults (age ≥60 years at diagnosis) who were diagnosed 

with NMIBC (AJCC stage ≤ 1) between 2003 to 2015 from the tumor registry. We excluded 

12 patients with non-urothelial histology and 23 patients with missing follow-up data. As the 

current study focuses on older adults who received treatment for NMIBC, we excluded 315 

patients who did not have Current Procedural Terminology (CPT) procedure codes for 

transurethral resection of bladder tumor (52204, 52224, 52235, and 52240) and/or 

intravesical instillation (90586 and 51720) within 6 months of NMIBC diagnosis. The final 

cohort for analysis included 1485 patients: 695 from Geisinger and 790 from KPNW.

2.2 Definition of Metabolic Syndrome (MetS)

We separated the cohort into two groups: individuals who had MetS and those who did not. 

We defined MetS as the presence of three of the following: coded diagnoses of hypertension, 

hyperlipidemia, diabetes, or body mass index (BMI) ≥30 kg/m2. To calculate BMI, we 

selected height and weight measurements closest to and within 2 years of NMIBC diagnosis 

date. If height and/or weight data was missing, individuals with International Classification 
of Diseases, Ninth Edition (ICD-9) codes for obesity (278.00, 278.01, 278.02) attached to 

three or more outpatient encounters or one inpatient encounter were considered obese. If 

both height/weight and ICD-9 codes were missing, individuals were categorized as non-

obese. To determine baseline hypertension, hyperlipidemia, and diabetes, we used a 

combination of Agency for Healthcare Research and Quality’s Chronic Condition Indicator 

and Clinical Classifications Software tools applied to all ICD-9 codes attached to clinical 

encounters prior to NMIBC diagnosis using methods described in our previous work 

(Supplemental Table 1).7

2.3 Other Covariates

In multivariable analyses, we controlled for age at diagnosis, sex, health system (Geisinger 

or KPNW), smoking status (current/former or never), initial tumor size (<3cm or ≥3cm), 

number of specimens positive for cancer at initial diagnosis (1 or ≥2), and NMIBC stage and 

grade. For tumor size, we reported the aggregate size if multiple tumors were present. As 

NMIBC management and prognosis are determined by cancer stage and histologic grade, we 

created a categorical variable combining American Joint Committee on Cancer (AJCC) 

stage and grade as follows: 0a/low grade, 0a/high grade, 0is/high grade, and 1/high grade.
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2.4 Outcomes

The primary outcome variable was time to NMIBC recurrence within 10 years of diagnosis 

(recurrence-free survival). Two urologic oncologists (TG and MEN) reviewed all pathology 

reports from Geisinger and KPNW, respectively, to assess initial stage/grade, tumor size, and 

number of tumors, as well as to confirm NMIBC recurrence and recurrence stage/grade.

Recurrence-free survival time was calculated as the time from date of initial NMIBC 

diagnosis to recurrence of NMIBC, death, or last tumor registry follow-up date. Individuals 

were censored at the time of recurrence, and those without recurrence were censored at last 

follow up date as recorded in the tumor registry or at the end of the 10 year observation 

period. Individuals without recurrences who died during the observation period were 

censored at death, but not counted as a recurrence based on competing risks analysis using 

the method of Fine and Gray.13

2.4 Statistical Analysis

Baseline characteristics were compared by MetS status. Continuous variables were 

compared using the Student t test, and categorical variables were compared using the chi-

squared test. Reverse Kaplan-Meier methods censoring for death were used to determine 

median follow-up time for the cohort. Follow-up time was defined by date of initial NMIBC 

diagnosis to date of last follow-up or death listed in the tumor registry. Due to the older age 

of the cohort and high proportion of co-existing chronic conditions in the NMIBC 

population12, we modeled the association between MetS status and recurrence-free survival 

using multivariable Cox proportional hazards models adjusting for competing risks.13 We 

first modeled the association between MetS and recurrence-free survival adjusting for 

covariates that were significant on univariate analysis: sex and smoking status. The final 

model was adjusted for age, sex, health system, smoking status, NMIBC stage/grade, initial 

tumor size, and number of specimens with cancer. The covariates in the final model were 

selected a priori due to known or potential associations with the outcome. The multivariable 

analysis excluded 135 patients with missing data. Analyses were conducted in SAS version 

9.4 (SAS Institute Inc., Cary, NC, USA).

3.0 RESULTS

Of the total cohort, 341 (23%) met criteria for MetS. Mean age was 73.5 years, 78.8% were 

male, and the majority were white (97.3%) which is consistent with national demographic 

trends for bladder cancer (Table 1).5 Patients with MetS were more frequently male (84.2%), 

and were mostly current/former smokers (82.6%). Figure 1 displays the distribution of MetS 

conditions stratified by MetS group. Consistent with national trends among older adults with 

cancer, hypertension and hyperlipidemia were the most frequent MetS components in both 

groups.14 There were no significant differences in age, race/ethnicity, health system, initial 

tumor size, number of specimens with cancer, and stage/grade distribution.

Based on reverse Kaplan-Meier methods, median follow-up time for the whole cohort was 

5.9 years (95% confidence interval [CI] 5.5–6.3 years) during which 582 patients (39.2%) 

died. Median follow-up time was 4.8 years for those with MetS (95% CI 3.7–5.4) versus 6.3 
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years for those without MetS (95% CI 5.9–6.9). Similar proportions of patients died in the 

MetS group (39%) as compared to those without MetS (39.3%) during the follow-up time.

At 10 years of follow-up, 34.1% of the total cohort had a recurrence. A smaller proportion of 

patients in the MetS group had a recurrence compared to the non-MetS group (30.5% versus 

35.2%). Median time to recurrence was slightly longer for those without MetS (3.8 years 

versus 3 years). The unadjusted cumulative incidence function estimate for recurrence-free 

survival was slightly higher at each time point in the group without MetS (Supplemental 

Table 2); however, when compared for each group, there was no significant difference in 

recurrence-free survival over 10 years (Wald chi-square p value=0.31, Figure 2).

In the preliminary Cox proportional hazards model accounting for competing risks, we 

adjusted for sex and smoking status which were significant on univariate analysis. There was 

no association between MetS and recurrence free survival (adjusted hazard ratio [HR] 0.87, 

95% CI 0.70–1.08, p=0.21, Supplemental Table 3). In the final Cox proportional hazards 

model accounting for competing risks, there was no association between MetS and NMIBC 

recurrence within ten years (adjusted HR 0.88, 95% CI 0.70–1.11, p=0.28, Table 2). Initial 

tumor size (adjusted HR 1.46, 95% CI 1.19–1.78) and number of specimens with cancer 

(adjusted HR 1.47, 95% CI 1.19–1.80) were highly associated with time to recurrence.

The histologic grade of recurrence varied by MetS status. Proportionally, there were more 

0a/low grade recurrences in patients without MetS (49.1% versus 41.4%, Figure 3). A total 

of 34 recurrences were muscle-invasive disease (Stage II), which occurred more frequently 

in patients without MetS (7.6% versus 3.9%, Figure 3). Overall, there were no significant 

differences between stage/grade of recurrence by MetS status.

4.0 DISCUSSION

In this study of 1485 older NMIBC patients from two community-based health systems, our 

objective was to determine whether MetS is associated with time to recurrence. Nearly one-

quarter of patients in this NMIBC cohort met our criteria for MetS; however, we found that 

there was no association between MetS and recurrence-free survival. Prior studies were 

limited to examining associations between individual components of MetS and oncologic 

outcomes15, or have evaluated the role of MetS or individual MetS traits on the risk of 

developing bladder cancer.10 Limited data from small cohorts have examined the effect of 

combined MetS traits on oncologic outcomes in NMIBC, and, to our knowledge, no prior 

work has specifically studied older adults.

By 2030, cancer incidence in older adults is expected to increase by 67%.16 Older cancer 

patients have high rates of co-existing chronic conditions which may influence tumor 

biology to impact downstream oncologic outcomes.2 Hypertension, hyperlipidemia, and 

diabetes are the most common chronic conditions among cancer survivors and older adults, 

and the early stages of these conditions comprise MetS.17

While several definitions of MetS exist, the most widely used is the National Cholesterol 

Education Program Adult Treatment Panel III (ATP III).9 ATP III criteria were selected due 

to each trait’s association with cardiovascular disease and include any three of the following: 
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abdominal obesity, elevated triglycerides, low high-density lipoprotein (HDL), elevated 

blood pressure, and fasting plasma glucose ≥100mg/dL. It remains unknown whether MetS 

traits are unified by an underlying etiology, though obesity may be a common thread.

Obesity causes downstream metabolic changes such as inflammation, higher insulin levels, 

insulin-like growth factor production, and changes in sex hormones, all of which have been 

associated with cancer.18, 19 However, obesity and MetS are complex issues in older adults. 

BMI tends to be less accurate secondary to physical changes that coincide with aging such 

as decreased height, muscle loss, and increased fat in locations that confer greater insulin 

resistance (e.g., visceral, subcutaneous, intramuscular, and intrahepatic fat).20 The loss of 

muscle mass with aging, or sarcopenia, is particularly important as it leads to insulin 

resistance and MetS.

Conversely, older adults are subject to the “Obesity Paradox” in which certain outcomes, 

such as survival, are better in obese patients as compared to normal weight or morbidly 

obese patients. Studies in other malignancies suggest that the Obesity Paradox is present, 

though data specific to older adults are limited.21–24 Several methodological issues may 

contribute to the Obesity Paradox in older adults including misclassification bias due to 

inaccuracies of BMI in older adults, detection bias due to cancer detection rates in patients 

with high healthcare utilization due to MCC, or reverse causality such that obese patients 

may have lost weight due to cancer treatment or lifestyle changes.25

Defining the complex relationships between chronic conditions such as MetS and cancer 

outcomes is increasingly relevant to bladder cancer for several reasons. Bladder cancer has 

the highest median age at diagnosis of all cancer sites (73 years).4 The association between 

smoking and bladder cancer coupled with older age at diagnosis leads to high rates of 

medical complexity with a median of eight co-existing chronic conditions.7 The incidence of 

bladder cancer among older adults is projected to increase by 54% by 2030, one of the 

largest increases of all cancer sites.16

Though NMIBC has a low risk of death; it has a high recurrence rate (30–50%).6 

Understanding patient-related factors that may alter the likelihood of NMIBC recurrence is 

important in older adults because treatment of recurrences requires transurethral resection, a 

surgical procedure performed under general anesthesia. Though a seemingly minor 

procedure in terms of operative stress, complications of transurethral resection such as 

bleeding, bladder perforation, urinary incontinence, and hospitalization have long-lasting or 

irreversible effects on an older adult’s quality of life and functional status, and adversely 

affect overall survival in frail patients.26, 27 Therefore, understanding NMIBC prognosis 

within an individual’s chronic condition profile is a critical first step towards designing 

personalized care for older NMIBC patients.

To our knowledge, only one other study has evaluated the association between MetS and 

NMIBC recurrence; however, it was limited to a small sample of T1 high grade patients 

from a single institution. The authors identified 90 patients with T1 high grade NMIBC 

treated with transurethral resection and intravesical therapy of which 30% had MetS. In 

multivariable models, MetS was not associated with recurrence/progression as a combined 
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outcome (adjusted HR 1.53, 95% CI 0.71–3.29).11 When evaluating individual MetS traits, 

BMI was significantly associated with time to recurrence or progression (adjusted HR 3.42, 

95% CI 1.55–7.52). Similar to our study, MetS traits were defined using diagnosis codes 

from electronic health records.

Other studies have found that obesity may be associated with recurrence in patients with T1 

high grade NMIBC. In a retrospective study of 892 patients, obesity was significantly 

associated with multiple outcomes including recurrence (adjusted HR 2.66, 95% CI 2.12–

3.32) and progression (adjusted HR 1.49, 95% CI 1.00–2.21).28 Another study 726 NMIBC 

patients found no association between higher BMI and risk of recurrence (adjusted HR 1.33, 

95% CI 0.94–1.89); however, current obese smokers were found to be at more than double 

the risk for recurrence as compared to normal weight smokers (adjusted HR 2.67, 95% CI 

1.14–6.28).29

Our study has several important strengths. To our knowledge, this is the largest study 

examining the association between MetS and NMIBC recurrence. We had a large sample 

size from multiple institutions with long follow up. Our cohort was drawn from two 

community-based health systems which reflect real-world patients and practice patterns. We 

abstracted additional information on the stage and grade of recurrence which impacts the 

downstream management of NMIBC. In contrast to other studies, we incorporated 

competing risks in our time-to-event analysis. Accounting for the competing risk of death is 

an important consideration when studying outcomes in medically complex older adults 

because study subjects may die during the observation period before the end of the study or 

before an outcome would occur.

Our findings must be interpreted within the context of certain limitations. We utilized 

diagnosis codes rather than physical assessments to determine MetS. We were unable to 

control for medications such as metformin with suggested antitumor effects in NMIBC.30, 31 

Conversely, some patients may have received thiazolidinediones such as pioglitazone for 

diabetes which have a suspected association with bladder cancer.32, 33 We were unable to 

address the role of intravesical therapy on NMIBC recurrence due to limitations of our 

dataset.

5.0 CONCLUSIONS

In this large, multi-institutional cohort of older NMIBC patients, we found no association 

between MetS and time to recurrence while accounting for the competing risk of death. 

Further research is needed to delineate the relationships between common chronic 

conditions such as MetS and oncologic outcomes to inform personalized care for older 

adults with NMIBC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• In 1485 older NMIBC patients from two health systems, 23% had metabolic 

syndrome.

• Metabolic syndrome patients were mostly males and current or former 

smokers.

• Over median follow up of 6 years, one-third of patients had a recurrence.

• We found no association between metabolic syndrome and time to NMIBC 

recurrence.
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Figure 1: 
Frequencies of Individual Metabolic Syndrome (MetS) Traits Stratified by MetS Status
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Figure 2: 
Cumulative Incidence Function Curves for Recurrence Free Survival Stratified by Metabolic 

Syndrome Status
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Figure 3: 
Proportions of Combined Stage/Grade at Recurrence Stratified by Metabolic Syndrome 

Status
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Table 1:

Baseline Characteristics Stratified by Metabolic Syndrome Status

All (n = 1485) MetS: No (n = 1144) MetS: Yes (n = 341) p value*

Age (mean, SD) 73.5 (8.17) 73.6 (8.37) 73.2 (7.44) 0.33

Sex, Male, N (%) 1170 (78.8%) 883 (77.2%) 271 (84.2%) 0.01

Race/Ethnicity, White, N (%) 1445 (97.3%) 1113 (97.3%) 332 (97.4%) 1.00

Health System, N (%)

 Geisinger 695 (46.8%) 538 (47.0%) 157 (46.0%) 0.76

 KPNW 790 (53.2%) 606 (53.0%) 184 (54.0%)

Smoking Status, N (%)

 Never 364 (24.8%) 305 (27.1%) 59 (17.4%) <0.01

 Current/Former 1103 (75.2%) 822 (72.9%) 281 (82.6%)

 Unknown 18 17 1

Diabetes, N (%) 357 (24.0%) 116 (10.1%) 241 (70.7%)

Hyperlipidemia, N (%) 633 (42.6%) 337 (29.5%) 296 (86.8%)

Hypertension, N (%) 798 (53.7%) 475 (41.5%) 323 (94.7%)

Obesity, N (%) 518 (34.9%) 261 (22.8%) 257 (75.4%)

Stage/Grade, N (%)

 0A Low Grade 705 (47.5%) 554 (49.1%) 151 (44.6%) 0.39

 0A High Grade 296 (19.9%) 219 (19.4%) 77 (22.7%)

 0is High Grade 76 (5.1%) 60 (5.3%) 16 (4.7%)

 1 High Grade 391 (26.3%) 296 (26.2%) 95 (28.0%)

 Unknown 17 15 2

Tumor Size, N (%)

 <3cm 989 (71.5%) 748 (70.6%) 241 (74.6%) 0.18

 ≥3cm 394 (28.5%) 312 (29.4%) 82 (25.4%)

 Unknown 102 84 18

Number of Specimens Positive for Cancer, N (%)

 1 1104 (78.0%) 844 (77.6%) 260 (79.0%) 0.65

 ≥2 312 (22.0%) 243 (22.4%) 69 (21.0%)

 Unknown 69 57 12

Recurrence, N (%) 507 (34.1%) 403 (35.2%) 104 (30.5%) 0.12

*
Comparing MetS No versus MetS Yes

Abbreviations: MetS, metabolic syndrome; SD, standard deviation; KPNW, Kaiser Permanente Northwest
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Table 2:

Multivariable Cox Proportional Hazards Model Adjusting for Competing Risks for the Association Between 

MetS and Time to Recurrence*

Hazard Ratio p value

Age 0.99 (0.98–1.002) 0.12

Sex (ref: Female) 1.12 (0.89–1.41) 0.34

Smoking (ref: Never) 1.09 (0.88–1.35) 0.44

Health System (ref: Geisinger) 1.13 (0.93–1.36) 0.23

Stage/Grade (ref: 0A Low Grade)

 0A High Grade 1.23 (0.97–1.57) 0.09

 0is High Grade 1.286 (0.87–1.89) 0.20

 1 High Grade 1.070 (0.85–1.35) 0.57

Tumor Size ≥3cm (ref: <3cm) 1.46 (1.19–1.78) 0.0003

Number of Specimens Positive for Cancer (ref: 1) 1.47 (1.19–1.8) 0.0003

Metabolic Syndrome (ref: No) 0.88 (0.70–1.11) 0.28

*
The analysis excluded 135 patients with missing data.

Abbreviations: MetS, metabolic syndrome; ref, reference
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