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Introduction
Bladder cancer (BC) is characterized by high 
recurrence rates and the need for lifelong surveil-
lance,1 which inevitably leads to readmission and 
generates enormous costs.2 BC’s inpatient care is 

the major medical expenditure component3 
among them, of which approximately 60% in the 
US can be attributed to surveillance and the treat-
ment of recurrences.4 Readmission reflects, to 
some extent, the prognosis of the disease. The 
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Abstract
Background and objectives: Patients with bladder cancer (BC) are at high risk for 
recurrence rates and readmission costs. However, the evidence about obesity and metabolic 
abnormalities on the BC prognosis was inconsistent. Our primary aim was to determine the 
impact of obesity and different metabolic status on the readmission risk in patients with BC.
Design and methods: We identified 16,649 patients with BC using the 2018 Nationwide 
Readmissions Database who were hospitalized from January to June 2018 and followed for 
180 days. The primary outcome was 180-day readmission. The multivariate Cox regression 
analysis and ordered logistic regression were performed to analyze data.
Results: Obesity and metabolic abnormalities were associated with an increased readmission 
risk in patients with BC [obesity: adjusted hazard ratio (aHR) = 1.08, 95% confidence interval 
(CI): 1.01–1.16; hyperglycemia: aHR = 1.11, 95% CI: 1.05–1.17; hypertension: aHR = 1.09, 
95% CI: 1.03–1.15]. Compared with non-obese and no metabolic abnormalities, the risk of 
readmission was significantly increased in patients with metabolic abnormalities, irrespective 
of obesity (non-obese and metabolic abnormalities: aHR = 1.07, 95% CI: 1.02–1.13; obese and 
metabolic abnormalities: aHR = 1.20, 95% CI: 1.10–1.31), but not in obese and no metabolic 
abnormalities. These associations were consistent in patients aged 60 years or older and the 
surgery group. Moreover, hyperglycemia, hypertension, and a graded increment of metabolic 
risk were associated with an increased readmission risk. We also found increased length of 
stay for readmission in patients with obesity and metabolic abnormalities (aOR = 1.17, 95% CI: 
1.00–1.36).
Conclusion: Obesity with metabolic abnormalities and metabolic abnormalities alone were 
associated with higher readmission risks in patients with BC. It is suggested that prevention 
should focus not only on obesity but also on metabolic abnormalities to decrease the risk of 
readmission.
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readmission rate is also considered a quality 
measure by the Institute for Healthcare 
Improvement.5 Many studies have pointed out 
that unplanned hospital readmissions are ordi-
nary, costly, and potentially preventable events.5–7 
However, previous studies have investigated the 
causes of short-term readmission in patients after 
radical cystectomy for BC, but the risk assess-
ment of readmission in patients with BC is lack-
ing.6 Consequently, more emphasis is being 
placed on modifiable life factors, such as obesity 
and metabolism, to prevent an increase in BC 
readmission.

Obesity currently affects over 600 million adults, 
with growing incidence worldwide and involving 
more than 1 billion people by 2030.8 Systematic 
reviews and reporting data have shown that obe-
sity-related conditions were prone to influence 
outcomes in patients with BC. Obesity and type 2 
diabetes mellitus (T2DM) were potentially nega-
tively associated with BC prognosis, but the effect 
of hyperlipidemia and hypertension on BC prog-
nosis remained uncertain.9 Another study found 
that obesity was not considered as the risk of 
recurrence involving 726 non-muscular invasive 
BC patients.10 There might be an ‘obesity para-
dox’, in which obese patients with BC might 
experience better survival and fewer readmission 
than regular weight patients with BC.11 The 
above evidence about metabolic abnormalities 
and obesity on BC prognosis was limited and 
inconsistent. Inconsistent results could be 
explained that obesity adversely affected metabo-
lism, but not all obese subjects presented the 
same metabolic risk.12 Therefore, given these 
conflicting views, it seems more appropriate to 
investigate the association of obesity or metabolic 
status alone or in combination with readmission 
risk in patients with BC.

To our knowledge, no previous studies have 
investigated the association between metaboli-
cally defined obesity and BC prognosis. Here, we 
established a retrospective cohort study using a 
large-scale administrative database to determine 
the impact of obesity and different metabolic sta-
tus on the readmission risk in patients with BC, 
which may identify higher-risk subphenotypes 
and be helpful for both physicians to provide a 
reference for clinical prevention and intervention, 
resulting in reduced readmission rates, improved 
quality of life for patients, and reducing the eco-
nomic burden.

Methods

Data source and study population
We used data from the  Nationwide Readmissions 
Database (NRD) 2018 sample. The NRD was 
the publicly available inpatient database, account-
ing for approximately 35 million discharges each 
year in 28 US states. It used verified patient link-
age numbers to track a person across hospitals 
within a state while adhering to strict privacy 
guidelines, containing information on last hospi-
tal discharge and readmission hospitalization 
(https://www.hcup-us.ahrq.gov/nrdoverview.jsp).

We included all adults with BC who were deemed 
‘at-risk’ for hospitalization and contributed to fol-
low-up time until 180 days. BC was defined by the 
International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) 
codes (Supplemental Table 1). We excluded 
patients with: (1) age < 18 years and pregnant 
(n = 96), (2) secondary BC (n = 234), (3) missing 
baseline characteristic data (n = 815), (5) non-first 
admission (n = 12,282), (4) died during the initial 
hospitalization (n = 1492), (5) initial hospitaliza-
tion between July and December 2018 (n = 15,309), 
(6) low body weight patients [BMI (body mass 
index) ⩽ 19.9 kg/m2, n = 696] (Figure 1).

Data collection
We collected baseline characteristics of study par-
ticipants using NRD variables: age, sex, length of 
stay, total charges, insurance status (Medicare, 
Medicaid, private insurance, self-pay, no charge 
or other), household income (Median household 
income by ZIP Code), location of residence, 
Healthcare Cost and Utilization Project (HCUP) 
Emergency Department service indicator (HCUP 
E_ D), disposition of the patient, smoking, drink-
ing and comorbidities (e.g. obesity, hyperglyce-
mia, hypertension, dyslipidemia, ischemic heart 
disease, chronic bronchitis, emphysema, chronic 
kidney disease, liver cirrhosis and dementia). We 
also collected data on surgery using the ICD-
10-CM PCS (Procedure Coding System). The 
ICD-10-CM codes were given in Supplemental 
Table 2.

Definitions
Obesity was defined as BMI ⩾ 25 kg/m2.13 
Metabolic abnormality was described as having 
any two of the following based on the harmonized 
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International Diabetes Federation criteria14: (1) 
hyperglycemia (including prediabetes and diabe-
tes), (2) dyslipidemia (including hypertriglyceri-
demia and hypercholesterolemia), and (3) 
hypertension. Waist circumference was excluded 
from the definition of metabolic disorders because 
waist circumference was strongly related to BMI. 
Participants were classified into four groups 
according to BMI and metabolic statuses: (1) 
non-obese and no metabolic abnormalities; (2) 
non-obese and metabolic abnormalities; (3) obese 
and no metabolic abnormalities; and (4) obese 
and metabolic abnormalities.

To determine the number of metabolic abnor-
malities and specific metabolic abnormalities on 
the risk of readmission, the selected study popula-
tion was classified into eight groups. The first 
grouping included (1) non-obese and with no 
metabolic abnormality; (2) non-obese and with 
one metabolic abnormality; (3) non-obese and 
with two metabolic abnormalities; (4) non-obese 
and with three metabolic abnormalities; (5) obese 
and with no metabolic abnormality; (6) obese and 
with one metabolic abnormality; (7) obese and 
with two metabolic abnormalities; (8) obese and 
with three metabolic abnormalities. The second-
ary grouping included (a) non-obese and with no 
metabolic abnormality; (b) non-obese and only 
with hyperglycemia; (c) non-obese and only with 

hyperlipidemia; (d) non-obese and only with 
hypertension; (e) obese and with no metabolic 
abnormality; (f) obese and only with hyperglyce-
mia; (g) obese and only with hyperlipidemia; (h) 
obese and only with hypertension.

Outcome measures
The primary outcome was 180-day readmission. 
The 180-day readmission referred to all-cause, 
unplanned readmissions to the same or different 
hospital within 180 days. Only the first readmis-
sion was counted for patients with multiple read-
missions. Elective hospitalizations for maintenance 
chemotherapy were not defined as readmissions.15 
Secondary outcomes of interest were length of 
stay during readmission.

Statistical analysis
Descriptive statistics were performed to com-
pare the patient demographics and clinical char-
acteristics for the initial hospitalization. 
Kruskal–Wallis H test was used to analyze con-
tinuous variables with non-normal distribution 
and uneven variances. The chi-square test was 
utilized for categorical variables. Continuous 
variables were expressed as median with an 
interquartile range (IQR) and categorical varia-
bles as percentages. Statistical significance was 

Figure 1. Study design, related to methods.
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observed among the groups, and pairwise com-
parisons were performed. Multivariate Cox 
regression analysis was used to calculate the haz-
ard ratio (HR) with 95% confidence interval 
(CI) for readmission. Length of stay for readmis-
sion was analyzed using multivariable ordered 
logistic regression model. Kaplan–Meier survival 
curves were plotted to estimate the cumulative 
no probability of readmission. Hypothesis test-
ing was two-sided, with a p value < 0.05 deemed 
statistically significant. Data were analyzed by 
SPSS 26.0 software (SPSS Inc., Chicago, IL, 
USA).

Results

Baseline clinical and demographic 
characteristics of initial hospitalizations in 
patients with BC
A total of 16,649 patients were enrolled in the 
cohort study, and 6923 (41.6%) BC patients were 
considered unplanned readmission within 
180 days (Figure 1). A total of 13.2% of patients 
who readmitted within 180-days were obese, 
34.3% had hyperglycemia, 74.3% had hyperten-
sion, 46.4% had dyslipidemia (Figure 2). The 
average age was 75 years (IQR, 67–83 years) and 
males accounted for 76.9% (Table 1). Among the 

16,649 patients, most patients [n = 12,915 
(77.6%)] had Medicare insurance status and 
home was the most frequent discharge location for 
patients after their initial hospitalizations. Patients 
with 180-day readmission were more likely to 
have obesity, metabolic abnormalities and chronic 
kidney disease than those without 180-day read-
mission (all p value < 0.001, Table 1).

Multivariable Cox regression analysis of 180-
day readmission after initial hospitalization in 
patients with BC
The multivariate Cox regression model used with 
each estimate adjusted for all other variables in 
the model (Table 2). We found that length of stay 
in initial hospitalizations, Medicaid insurance sta-
tus, ED revenue on record, BC surgery, obesity, 
hyperglycemia, hypertension, and chronic kidney 
disease increased the risk of 180-day readmission 
[length of stay: adjusted hazard ratio (aHR) = 1.01, 
95% CI: 1.01–1.02; Medicaid insurance status: 
aHR = 1.30, 95% CI: 1.16–1.46; ED revenue on 
record: aHR = 1.35, 95% CI: 1.27–1.45; BC sur-
gery: aHR = 1.38, 95% CI: 1.27–1.51; obesity: 
aHR = 1.08, 95% CI: 1.01–1.16; hyperglycemia: 
aHR = 1.11, 95% CI: 1.05–1.17; hypertension: 
aHR = 1.09, 95% CI: 1.03–1.15; chronic kidney 
disease: aHR = 1.28, 95% CI: 1.21–1.34] in 

Figure 2. The proportion of multiple factors related to 180-day readmission after initial hospitalization in 
patients with BC.
BC, bladder cancer.
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Table 1. Baseline clinical and demographic characteristics of initial hospitalizations in patients with BC.

Variable Total (N = 16,649) Without readmission (n = 9726) With readmission (n = 6923) p Value

Age (years) median (IQR) 75 (67, 83) 76 (68, 83) 75 (67, 82) <0.001

Age ⩾ 60 years, n (%) 14,992 (90) 8787 (90.3) 6205 (89.6) 0.128

Male, n (%) 12,801 (76.9) 7529 (77.4) 5272 (76.2) 0.058

Total charges ($) median (IQR) 48,472 (24,775, 93,487.5) 45,480.5 (23,399.5, 88,425.25) 52,369 (26,854, 100,492) <0.001

Length of stay (days) median (IQR) 4 (3, 7) 4 (2, 7) 5 (3, 8) <0.001

Insurance status, n (%) <0.001

 Medicare 12,915 (77.6) 7564 (77.8)a 5351 (77.3)a  

 Medicaid 809 (4.9) 391 (4.0)a 418 (6.0)b  

 Private insurance 2382 (14.3) 1431 (14.7)a 951 (13.7)a  

 Self-pay 166 (1.0) 102 (1.0)a 64 (0.9)a  

 No charge 18 (0.1) 11 (0.1)a 7 (0.1)a  

 Other 359 (2.2) 227 (2.3)a 132 (1.9)a  

Median household income by ZIP 
Code, n (%)

0.758

 $1–$45,999 3633 (21.8) 2120 (21.8)a 1513 (21.9)a  

 $46,000–$58,999 4554 (27.4) 2681 (27.6)a 1873 (27.1)a  

 $59,000–$78,999 4455 (26.8) 2575 (26.5)a 1880 (27.2)a  

 >$79,000 4007 (24.1) 2350 (24.2)a 1657 (23.9)a  

Location of patient’s residence, n (%) <0.001

 Large central counties 4355 (26.2) 2429 (25.0)a 1926 (27.8)b  

 Large fringe counties 4734 (28.4) 2691 (27.7)a 2043 (29.5)b  

 Medium metro counties 3564 (21.4) 2094 (21.5)a 1470 (21.2)a  

 Small metro counties 1620 (9.7) 990 (10.2)a 630 (9.1)b  

 Micropolitan counties 1305 (7.8) 811 (8.3)a 494 (7.1)b  

 Not metro/micropolitan counties 1071 (6.4) 711 (7.3)a 360 (5.2)b  

Disposition of patient, n (%) <0.001

 Routine 7959 (47.8) 4813 (49.5)a 3146 (45.4)b  

 Transfer other 148 (0.9) 87 (0.9)a 61 (0.9)a  

 Home health care 3199 (19.2) 1815 (18.7)a 1384 (20.0)b  

 Against medical advice 5223 (31.4) 2951 (30.3)a 2272 (32.8)b  

 Died 112 (0.7) 52 (0.5)a 60 (0.9)b  

  Discharge alive, destination 
unknown

8 (0.0) 8 (0.1)a 0 (0.0)b  

(Continued)
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Variable Total (N = 16,649) Without readmission (n = 9726) With readmission (n = 6923) p Value

HCUP E_ D, n (%) <0.001

 No record 6229 (37.4) 3916 (40.3)a 2313 (33.4)b  

 ED revenue on record 6623 (39.8) 3692 (38.0)a 2931 (42.3)b  

 ED charge 3744 (22.5) 2089 (21.5)a 1655 (23.9)b  

 Condition code P7 indication 53 (0.3) 29 (0.3)c 24 (0.3)a  

BC surgery, n (%) 2299 (13.8) 1291 (13.3) 1008 (14.6) 0.018

Smoking, n (%) 155 (0.9) 95 (1.0) 60 (0.9) 0.466

Drinking, n (%) 189 (1.1) 110 (1.1) 79 (1.1) 0.951

Comorbidities  

 Obesity, n (%) 1991 (12.0) 1080 (11.1) 911 (13.2) <0.001

 Hyperglycemia, n (%) 5241 (31.5) 2865 (29.5) 2376 (34.3) <0.001

 Hypertension, n (%) 11956 (71.8) 6815 (70.1) 5141 (74.3) <0.001

 Dyslipidemia, n (%) 7670 (46.1) 4461 (45.9) 3209 (46.4) 0.535

 Ischemic heart disease, n (%) 909 (5.5) 526 (5.4) 383 (5.5) 0.728

 Chronic bronchitis, n (%) 21 (0.1) 12 (0.1) 9 (0.1) 0.906

 Emphysema, n (%) 337 (2.0) 185 (1.9) 152 (2.2) 0.185

 Chronic kidney disease, n (%) 5324 (32.0) 2764 (28.4) 2560 (37.0) <0.001

 Liver cirrhosis, n (%) 210 (1.3) 124 (1.3) 86 (1.2) 0.852

 Dementia, n (%) 1301 (7.8) 836 (8.6) 465 (6.7) <0.001

The small letters (e.g. a, b) in this table refer to comparisons between groups. There is no statistical difference between groups with the same small letters.
BC, bladder cancer; HCUP, Healthcare Cost and Utilization Project; HCUP E_ D, HCUP Emergency Department service indicator; ED, Emergency Department; IQR, 
interquartile range.

patients with BC. Therefore, obesity and meta-
bolic abnormalities were associated with an 
increased readmission risk in patients with BC.

The relationship between metabolically defined 
obesity and the 180-day readmission in patients 
with BC
Patients with obesity had more hospitalization costs 
and longer hospitalization duration than those 
without obesity, regardless of metabolic status (p 
value < 0.001). In addition, patients with metabolic 
abnormalities were more likely to have Medicare 
insurance, ischemic heart disease and chronic kid-
ney disease than those with no obesity and no met-
abolic abnormalities, irrespective of obesity (all p 
value < 0.001, Supplemental Table 3).

Over the median follow-up time of 6 months, 
patients with metabolic abnormalities had signifi-
cantly higher rate of readmission than those with 
no obesity and no metabolic abnormalities, irre-
spective of obesity [non-obese and metabolic 
abnormalities: n = 3100 (42.6%) versus obese and 
metabolic abnormalities: n = 609 (47.7%), 
p < 0.05, Figure 3]. We adjusted for the potential 
confounders of age, sex, length of stay, total 
charges, insurance status, household income, 
location of residence, HCUP E_ D, disposition of 
the patient, BC surgery, smoking, drinking and 
ischemic heart disease, chronic bronchitis, 
emphysema, chronic kidney disease, liver cirrho-
sis and dementia. Compared with non-obese and 
no metabolic abnormalities, the risk of readmis-
sion was significantly increased in patients with 

Table 1. (Continued)
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Table 2. Multivariable Cox regression analysis of 180-day readmission after initial hospitalization in patients 
with BC.

Variable Multivariable analysis  
aHR (95% CI)

p Value

Age, years  

 18–59 1 (reference)  

 ⩾60 0.96 (0.88, 1.05) 0.389

Sex  

 Female 1 (reference)  

 Male 1.06 (1.00, 1.12) 0.053

Total charges 1.00 (1.00, 1.00) 0.863

Length of stay 1.01 (1.01, 1.02) <0.001

Insurance status  

 Medicare 1 (reference)  

 Medicaid 1.30 (1.16, 1.46) <0.001

 Private insurance 1.00 (0.92, 1.08) 0.925

 Self-pay 0.90 (0.70, 1.16) 0.424

 No charge 0.96 (0.45, 2.01) 0.903

 Other 0.89 (0.74, 1.05) 0.17

Median household income by ZIP Code

 $1–$45,999 1 (reference)  

 $46,000–$58,999 0.99 (0.92, 1.06) 0.70

 $59,000–$78,999 0.97 (0.91, 1.05) 0.464

 >$79,000 0.93 (0.86, 1.00) 0.047

Location of patient’s residence  

 Large central counties 1 (reference)  

 Large fringe counties 1.00 (0.93, 1.06) 0.890

 Medium metro counties 0.91 (0.85, 0.98) 0.007

 Small metro counties 0.86 (0.78, 0.94) 0.001

 Micropolitan counties 0.83 (0.75, 0.92) 0.001

 Not metro/micropolitan counties 0.72 (0.64, 0.811) 0.001

Disposition of patient <0.001

 Routine 1 (reference)  

 Transfer other 1.00 (0.77, 1.29) 0.990

(Continued)
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Variable Multivariable analysis  
aHR (95% CI)

p Value

 Home health care 1.01 (0.94, 1.09) 0.734

 Against medical advice 1.04 (0.98, 1.10) 0.212

 Died 1.51 (1.17, 1.95) 0.002

HCUP E_ D  

 No record 1 (reference)  

 ED revenue on record 1.35 (1.27, 1.45) <0.001

 ED charge 1.30 (1.21, 1.40) <0.001

 Condition code P7 indication 1.26 (0.84, 1.89) 0.257

BC surgery 1.38 (1.27, 1.51) <0.001

Smoking 0.88 (0.69, 1.14) 0.345

Drinking 0.94 (0.75, 1.17) 0.564

Comorbidities  

 Obesity 1.08 (1.01, 1.16) 0.028

 Hyperglycemia 1.11 (1.05, 1.17) <0.001

 Hypertension 1.09 (1.03, 1.15) 0.004

 Dyslipidemia 0.99 (0.94, 1.04) 0.569

 Ischemic heart disease 1.00 (0.90, 1.11) 0.985

 Chronic bronchitis 0.90 (0.47, 1.73) 0.752

 Emphysema 1.10 (0.94, 1.30) 0.234

 Chronic kidney disease 1.28 (1.21, 1.34) <0.001

 Liver cirrhosis 0.91 (0.73, 1.12) 0.366

 Dementia 0.76 (0.69, 0.84) <0.001

The multivariate Cox regression model used with each estimate adjusted for all other variables in the model.
aHR, adjusted hazard ratio; BC, bladder cancer; CI, confidence interval; HCUP E_ D, HCUP Emergency Department service 
indicator; HCUP, Healthcare Cost and Utilization Project.

Table 2. (Continued)

metabolic abnormalities, irrespective of obesity 
(non-obese and metabolic abnormalities: 
aHR = 1.07, 95% CI: 1.02–1.13; obese and meta-
bolic abnormalities: aHR = 1.20, 95% CI: 1.10–
1.31), but not in obese and no metabolic 
abnormalities (Table 3). Kaplan–Meier survival 
plots found that the cumulative probability of 
readmission was highest in the obese and meta-
bolic abnormalities group [Figure 4(a)].

In patients aged 60 years and older, patients with 
metabolic abnormalities were more likely to be 
readmitted than those who were non-obese and 
with no metabolic abnormalities, irrespective of 
obesity (non-obese and metabolic abnormalities: 
aHR = 1.08, 95% CI: 1.02–1.14; obese and meta-
bolic abnormalities: aHR = 1.21, 95% CI: 1.11–
1.33, respectively), whereas those who were obese 
and with no metabolic abnormalities were less 
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likely (Table 3). Patients with metabolic abnor-
malities showed a pretty apparent increased risk 
of readmission in the surgery group, irrespective 
of obesity (non-obese and metabolic abnormali-
ties: aHR = 1.27, 95% CI: 1.10–1.46; obese and 
metabolic abnormalities: aHR = 1.76, 95% CI: 
1.44–2.15, respectively). However, patients with 
metabolic abnormalities were not related to the 
risk of 180-day readmission in the patients under 
60 years of age and non-surgical group (Table 3). 
Kaplan–Meier survival plots found that the 
cumulative probability of readmission was also 
highest in the obese and metabolic abnormalities 
group in age-specific and the surgical history 
[Figure 4(b) and (c)].

The relationship between the number of 
metabolic abnormalities and specific metabolic 
abnormalities and the 180-day readmission in 
patients with BC
After adjusting for age, sex, length of stay, total 
charges, insurance status, household income, 
location of residence, HCUP E_ D, disposition of 
the patient, BC surgery, smoking, drinking and 
ischemic heart disease, chronic bronchitis, 
emphysema, chronic kidney disease, liver cirrho-
sis and dementia, we revealed that the risk of 
readmission increased as the number of metabolic 
abnormalities increased, regardless of obesity. We 

also observed that obesity might exacerbate the 
adverse effects of metabolic abnormalities on 
readmission compared with non-obesity when the 
number of coalescent metabolic abnormalities 
was consistent (Table 4). In the secondary group-
ing, the hazards of readmission were 1.22-fold (p 
Value = 0.015) and 1.09-fold (p Value = 0.039) 
higher in non-obese and only with hyperglycemia 
and non-obese and only with hypertension and 
non-obese and with no metabolic abnormality 
after adjusting for same confounder. We also 
found that the presence of hyperlipidemia was not 
associated with an increased readmission risk, 
regardless of obesity (Table 4).

The relationship between metabolically defined 
obesity and the length of stay for 180-day 
readmission after initial hospitalization in 
patients with BC
After adjusting for age, sex, length of stay, total 
charges, insurance status, household income, 
location of residence, HCUP E_ D, disposition of 
the patient, BC surgery, smoking, drinking and 
ischemic heart disease, chronic bronchitis, 
emphysema, chronic kidney disease, liver cirrho-
sis and dementia, patients who were obese and 
with metabolic abnormalities were associated 
with higher risk of length of stay (aOR = 1.17, 
95% CI: 1.00–1.36) compared with the 

Figure 3. The relationship between metabolically defined obesity and the readmission rate with BC.
BC, bladder cancer; Ob (−) MA (−), non-obese and no metabolic abnormalities; Ob (−) MA (+), non-obese and metabolic 
abnormalities; Ob (+) MA (−), obese and no metabolic abnormalities; Ob (+) MA (+), obese and metabolic abnormalities.
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Table 3. Results of multivariate Cox regression analysis between obesity and metabolically defined obesity 
and the risk of 180-day readmission in patients with BC.

Variable 180-day readmission  
aHR (95% CI)

p Value

Total  

 Ob (−), MA (−) 1 (reference)  

 Ob (−), MA (+) 1.07 (1.02, 1.13) 0.007

 Ob (+), MA (−) 1.06 (0.94, 1.19) 0.373

 Ob (+), MA (+) 1.20 (1.10, 1.31) <0.001

Age < 60 years  

 Ob (−), MA (−) 1 (reference)  

 Ob (−), MA (+) 1.05 (0.87, 1.27) 0.620

 Ob (+), MA (−) 1.09 (0.86, 1.40) 0.469

 Ob (+), MA (+) 1.12 (0.83, 1.50) 0.464

Age ⩾ 60 years  

 Ob (−), MA (−) 1 (reference)  

 Ob (−), MA (+) 1.08 (1.02, 1.14) 0.007

 Ob (+), MA (−) 1.04 (0.91, 1.19) 0.582

 Ob (+), MA (+) 1.21 (1.11, 1.33) <0.001

No surgery  

 Ob (−), MA (−) 1 (reference)  

 Ob (−), MA (+) 1.04 (0.98, 1.10) 0.158

 Ob (+), MA (−) 1.07 (0.94, 1.23) 0.313

 Ob (+), MA (+) 1.10 (1.00, 1.22) 0.056

Surgery  

 Ob (−), MA (−) 1 (reference)  

 Ob (−), MA (+) 1.27 (1.10, 1.46) 0.001

 Ob (+), MA (−) 1.05 (0.81, 1.37) 0.703

 Ob (+), MA (+) 1.76 (1.44, 2.15) <0.001

After adjusting for age, sex, length of stay, total charges, insurance status, household income, location of residence, 
HCUP E_ D, disposition of the patient, BC surgery, smoking, drinking and ischemic heart disease, chronic bronchitis, 
emphysema, chronic kidney disease, liver cirrhosis and dementia.
aHR, adjusted hazard ratio; BC, bladder cancer; CI, confidence interval; HCUP E_ D, HCUP Emergency Department service 
indicator; HCUP, Healthcare Cost and Utilization Project; Ob (−) MA (−), non-obese and no metabolic abnormalities; Ob (−) 
MA (+), non-obese and metabolic abnormalities; Ob (+) MA (−), obese and no metabolic abnormalities; Ob (+) MA (+), 
obese and metabolic abnormalities.
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Figure 4. Kaplan–Meier plot for the cumulative no probability of readmission based on metabolically defined 
obesity (a) in total participants, (b) in patients aged 60 years and older, and (c) in BC surgery.
BC, bladder cancer; Ob (−) MA (−), non-obese and no metabolic abnormalities; Ob (−) MA (+), non-obese and metabolic 
abnormalities; Ob (+) MA (−), obese and no metabolic abnormalities; Ob (+) MA (+), obese and metabolic abnormalities.

Table 4. Results of multivariate Cox regression analysis between obesity and metabolic abnormalities and the 
risk of 180-day readmission in patients with BC.

Variable 180-day readmission  
aHR (95% CI)

p Value

The number of MA  

 Ob (−), no MA 1 (reference)  

 Ob (−), 1 MA 1.08 (1.00, 1.16) 0.056

 Ob (−), 2 MA 1.10 (1.02, 1.19) 0.017

 Ob (−), 3 MA 1.20 (1.10, 1.31) <0.001

 Ob (+), no MA 1.08 (0.88, 1.33) 0.445

 Ob (+), 1 MA 1.12 (0.96, 1.30) 0.155

 Ob (+), 2 MA 1.27 (1.12, 1.43) <0.001

 Ob (+), 3 MA 1.25 (1.09, 1.45) 0.002

Specific MA  

 Ob (−), no MA 1 (reference)  

 Ob (−), hyperglycemia 1.22 (1.04, 1.44) 0.015

 Ob (−), hyperlipidemia 0.95 (0.83, 1.09) 0.481

 Ob (−), hypertension 1.09 (1.01, 1.19) 0.039

 Ob (+), no MA 1.10 (0.90, 1.36) 0.352

 Ob (+), hyperglycemia 1.05 (0.74, 1.49) 0.797

 Ob (+), hyperlipidemia 1.00 (0.69, 1.45) 0.990

 Ob (+), hypertension 1.19 (1.00, 1.42) 0.058

After adjusting for age, sex, length of stay, total charges, insurance status, household income, location of residence, 
HCUP E_ D, disposition of the patient, BC surgery, smoking, drinking and ischemic heart disease, chronic bronchitis, 
emphysema, chronic kidney disease, liver cirrhosis and dementia.
aHR, adjusted hazard ratio; BC, bladder cancer; CI, confidence interval; HCUP E_ D, HCUP Emergency Department service 
indicator; HCUP, Healthcare Cost and Utilization Project; MA: metabolic abnormality; Ob: obese.
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non-obese and no metabolic abnormalities group, 
but patients who were non-obese and with meta-
bolic abnormalities and obese with no metabolic 
abnormalities showed no significant differences 
(Supplemental Table 4).

Discussion
In this retrospective cohort study, metabolic 
abnormalities were associated with an increased 
readmission risk in patients with BC, irrespective 
of obesity. However, obesity alone was not associ-
ated with an increased risk of readmission risk. 
The link between obesity and BC readmission 
appeared to depend on metabolic status, and obe-
sity aggravated the adverse effects of metabolic 
abnormalities on readmission. These associations 
were consistent in patients aged 60 years or older 
and the surgery group. Another interesting result 
was that readmission risk gradually increased as 
the number of metabolic disorders increased, 
regardless of obesity. Moreover, hyperglycemia 
and hypertension were associated with an 
increased readmission risk, but hyperlipidemia 
was not. We also found increased length of stay 
for readmission in patients with obesity and meta-
bolic abnormalities.

Although the widely accepted WHO BMI classi-
fications defined obesity as BMI ⩾ 30 kg/m2 in 
most scenarios, obesity was defined as 
BMI ⩾ 25 kg/m2 in our study. A previous study 
found that Asian Americans with a BMI of 25–
30 kg/m2 had a similar prevalence of diabetes to 
White Americans with a BMI of greater than 
30 kg/m2, so one size did not fit all.16 We were 
devoted to determining whether the risk of BC 
readmission will increase once body weight is 
above normal, so as to highlight new at-risk indi-
viduals and populations and inform future public 
health prevention programs. It is well known that 
obesity is associated with adverse prognosis in 
patients with BC. The underlying mechanism 
might be that obesity caused metabolic and hor-
monal changes.10,17 Especially, chemokine ligand 
1, plasminogen activator inhibitor 1, and interleu-
kin-6 secreted by adipose tissue increased risk of 
BC recurrence.18 For example, a retrospective 
cohort study implied that obesity, a threshold of 
BMI ⩾ 25, was significantly related to an increased 
risk of recurrence and progression in patients with 
BC.19 A meta-analysis also showed that the recur-
rence rate was visibly greater in obese patients.9 
However, some studies have found that a BMI of 
⩾25 kg/m2 was associated with improved 

outcomes in patients with BC.20,21 There was a 
complex relationship between obesity and its 
effect on metabolism and BC outcomes.22 In 
addition, a recent multicenter experience has 
found that poor immuno-nutritional status is 
associated with a poorer postoperative course 
after radical cystectomy,23 hence we excluded 
patients with low body weight to avoid the influ-
ence of poor nutritional status on the prognosis of 
BC. Our study found that obesity alone was not 
associated with an increased risk of readmission 
risk, and the underlying mechanisms for this phe-
nomenon were that fat deposition, such as subcu-
taneous adipose tissue, may prevent the 
production of immunological substances such as 
Natural killer T cells and protect tissues from 
cancer cells metastasis.24

In addition, similar trends were observed in the 
patients aged 60 years and older and surgery 
group. Cantiello et al. showed that metabolic syn-
drome was associated with high-grade complica-
tions in patients undergoing radical cystectomy 
based on the Clavien classification system.25 Most 
patients who undergo radical cystectomy have 
advanced age and age-related comorbidities.26 
The age and degree of comorbid illness are strong 
predictors of outcome in patients with BC.26,27 In 
the present study, we adjusted for important con-
founders to exclude the impact of age-related 
comorbidities. The possible explanation was that 
BC was most likely to occur in elderly people.20 
The population >60 years accounted for 90% in 
our study, so the patient number might drive this 
difference with age. Yet another possible explana-
tion was that older people may be more suscepti-
ble to weight loss or metabolic abnormalities due 
to the disease itself or the drugs, which may lead 
to reverse causation (weight change as a conse-
quence rather than a cause of BC). The patients 
were followed for only 1 year due to the limitation 
of NRD database. Therefore, further research is 
needed to determine the mechanism, especially in 
older patients.

Moreover, we understood that assessing BC read-
mission with metabolic disorders was compli-
cated because of the different clinical combinations 
of the various metabolic abnormalities. Therefore, 
our study evaluated the actual role of these meta-
bolic disorders. Previous reports have docu-
mented the close connections between T2DM 
and disease recurrence and progression to mus-
cle-invasive BC,28 but have not ruled out the 
influence of other metabolic disorders. Our 
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research addressed this important knowledge gap 
that patients with hyperglycemia alone have a 
higher readmission risk. The proposed mecha-
nisms were that insulin, through activation of 
insulin-like growth factor-1 receptor, triggered 
downstream pathways with mitosis and transfor-
mational activity.29 Diabetes also contributed to 
mitochondrial dysfunction, which could promote 
oxidative stress and result in impaired DNA 
repair30 and a permanent proinflammatory state.20 
Cantiello et al.31 showed that hypertension could 
increase the risk of higher pathological stage as 
well as lymph vascular invasion and lymph node 
metastasis. In Tai’s study, investigators reported 
an insignificant correlation between hypertension 
and BC recurrence,32 but the underlying mecha-
nisms of this effect were not well elucidated. 
Previous studies have not found that dyslipidemia 
was adverse in BC prognosis, which was consist-
ent with our results. Although we found that the 
relationship between metabolic disorders and BC 
readmission was complex, we extended the previ-
ous knowledge. In addition, further research is 
needed to identify mechanisms by which hyper-
tension leads to BC recurrence. Longer cohort 
studies are required to determine the effect of 
hyperlipidemia on BC recurrence.

To our knowledge, no study has investigated the 
association between metabolically defined obesity 
and the risk of BC readmission. Our study had 
several unique strengths. First, the research on 
obesity and BC prognosis was mostly on individ-
ual institutions in the past. The readmission data 
obtained from individual institution studies 
would grossly underestimate the actual readmis-
sion rates. Current studies based on national pop-
ulations were free from the limitations mentioned 
above. Second, obesity phenotype classification 
could compensate for the limitations of using 
BMI alone to assess obesity, metabolically defined 
obesity can serve as a model for mechanistic stud-
ies regarding obesity and obesity-associated dis-
eases through the identification of characteristic 
populations. Finally, we adjusted for important 
confounders to exclude the impact of comorbidi-
ties and carried out subgroup analysis to evaluate 
the impact of age and surgery.

Nevertheless, our study had several limitations. 
First, the NRD datasets are year-based and can-
not be linked, excluding out-of-hospital mortal-
ity,15 so the study population was followed for 
half of the year. Second, we utilized diagnosis 
codes to determine disease; sometimes imprecise 

coding could lead to potential misclassification. 
Third, the database does not include clinical 
information, such as disease stage, tumor grade 
and urothelial variants,33 but we considered the 
effect of surgery on readmission. Finally, there is 
a lack of medication information. Several drugs 
used to treat T2DM may be associated with anti-
cancer effects.34 A multicenter study has shown 
that statin use was independently associated with 
a lower risk of BC recurrence.35 Further research 
is needed to consider the beneficial or adverse 
effects of drugs. However, our study represented 
a cohort from 28 USA states, and our results 
could be considered reliable due to the large-sized 
nationwide study population.

Conclusion
In conclusion, obesity with metabolic abnormali-
ties and metabolic abnormalities alone were asso-
ciated with higher readmission risks in patients 
with BC. Age and surgical history modified the 
relationship between metabolically defined obe-
sity and the risk of readmission. Further analysis 
also showed that the risk of readmission was 
directly proportional to the increased metabolic 
volumes and the specific metabolic disorders. We 
also found increased length of stay for readmis-
sion in patients with obesity and metabolic abnor-
malities. Future studies will focus on the early 
identification of higher-risk subgroups for BC 
readmission, and then a range of interventions 
will be tailored and improved, especially in older 
patients.
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