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Abstract

Background: Although genetic factors are known to play a role in 
the pathogenesis of bladder cancer, population-level familial risk es-
timates are scarce. We aimed to quantify the familial risk of bladder 
cancer and analyze interactions between family history and smoking 
or alcohol consumption.

Methods: Using the National Health Insurance database, we con-
structed a cohort of 5,524,403 study subjects with first-degree rela-
tives (FDRs) and their lifestyle risk factors from 2002 to 2019. Famil-
ial risk was calculated using hazard ratios (HRs) with 95% confidence 
intervals (CIs) that compare the risk of individuals with and without 
affected FDRs. Interactions between family history and smoking or 
alcohol intake were assessed on an additive scale using the relative 
excess risk due to interaction (RERI).

Results: Offspring with an affected parent had a 2.09-fold (95% CI: 
1.41 - 3.08) increased risk of disease compared to those with unaf-
fected parents. Familial risks of those with affected father and mother 
were 2.26 (95% CI: 1.51 - 3.39) and 1.10 (95% CI: 0.27 - 4.41), re-

spectively. When adjusted for lifestyle factors, HR reduced slightly to 
2.04 (95% CI: 1.38 - 3.01), suggesting that a genetic predisposition is 
the main driver in the familial aggregation. Smokers with a positive 
family history had a markedly increased risk of disease (HR: 3.60, 
95% CI: 2.27 - 5.71), which exceeded the sum of their individual 
risks, with statistically significant interaction (RERI: 0.72, 95% CI: 
0.31 - 1.13). For alcohol consumption, drinkers with a positive family 
history also had an increased risk of disease, although the interaction 
was not statistically significant (RERI: 0.05, 95% CI: -3.39 - 3.48).

Conclusion: Smokers and alcohol consumers with a positive family 
history of bladder cancer should be considered a high-risk group and 
be advised to undergo genetic counseling.

Keywords: Bladder cancer; Familial risk; Additive interaction; 
Smoking; Alcohol consumption

Introduction

Bladder cancer is one of the most commonly occurring malig-
nancies worldwide, accounting for 7% of all cancers in men 
and 2% of those in women [1]. The 5-year survival rate of 
localized bladder cancer is estimated to be approximately 30% 
[2]. Previous studies have suggested that genetic predisposi-
tions may play a role in the pathogenesis of bladder cancer [3].

Familial aggregation studies have also shown 1.2- to 
2-fold elevated risks among family members of bladder cancer 
patients [4]. However, evidence on the familial aggregation 
of bladder cancer remains limited due to the small number of 
studies that mainly used case-control study designs [5-9] and 
comprised a few hundred study subjects. Large-scale registry-
based studies have estimated familial risks of bladder cancer in 
the Swedish population [10-12], but since they compared blad-
der cancer incidence in the database with that of the general 
population outside the registry, time-based incidence pattern 
among individuals with and without affected family members 
could not be provided.

Several environmental exposures including lifestyle fac-
tors are known to influence the development of bladder can-
cer, such as tobacco smoking, red meat or processed meat 
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consumption, cardiovascular disease, obesity, alcohol intake, 
poor glycemic control and exposure to chemical carcinogens 
[13-17]. Given the complex pathogenesis of bladder cancer, 
it is possible that genetic and lifestyle factors have an inter-
active relationship, where the presence of lifestyle factors in 
genetically predisposed individuals yields a greater (or lesser) 
impact compared to non-predisposed persons. In this study, we 
quantified the familial risk of bladder cancer and examined in-
teractions between family history and smoking or alcohol in-
take to assess gene-environment interactions in bladder cancer.

Materials and Methods

Data source

This study used the National Health Insurance (NHI), National 
Health Screening Program (NHSP) and Support for Specific 
Illness (SSI) databases to identify blood-related first-degree 
relatives (FDRs), their lifestyle factors and bladder cancer 
cases with confirmed diagnoses.

The NHI database is maintained by the mandatory health 
insurance program run by the Korean government which pro-
vides universal insurance to approximately 98% of the Korean 
population. The database contains demographics and health-
care utilization data of insured persons and their dependents, 
including primary diagnoses based on International Classifi-
cation of Disease 10th revision (ICD-10) codes, prescriptions 
and surgical procedures. Since the NHI database contains in-
formation on family relatedness of all insured people and their 
dependents, it allowed us to identify FDRs.

The NHSP is a nationwide health screening program 
operated by the NHI, which provides biannual standardized 
health screening checkups to all insured individuals over the 
age of 20. The health checkup includes questionnaires regard-
ing health-related lifestyle habits, such as smoking, physical 
activity, as well as questions on drinking status, including the 
frequency of alcohol consumption and standard drink amount. 
It also includes information on anthropometrics and basic lab-
oratory tests of participants.

The SSI program was launched by the NHI to provide co-
payment reduction for various cancers including bladder can-
cer. In order to be registered in this program, disease diagnosis 
must meet the standard criteria specified by the NHI, and be 
reviewed and confirmed by the corresponding institution prior 
to submission into the NHI. This process ensures a thorough 
diagnostic verification for accurate bladder cancer diagnosis 
prior to registration in the SSI database.

Family relationship data

Employed or self-employed individuals become insured with 
the NHI by paying a certain monthly amount according to their 
income. Spouse or children of insured individuals become de-
pendents in the NHI following marriage or birth registration, 
respectively. Individuals remain insured under the NHI system 
even if their status (insurer/dependent) or occupation changes. 

This information allowed us to identify first-degree relation-
ships, namely, individuals and their biological parents. An 
individual was defined as a biological offspring of a married 
couple if he or she was registered as a dependent at birth.

Identification of bladder cancer case diagnosis

Through follow-up, we identified individuals diagnosed with 
bladder cancer using the SSI registration code and ICD-10 
code (C67) for bladder cancer from 2002 to 2019. Registra-
tion as a bladder cancer case in the SSI database necessitated 
biopsy and histological confirmation of bladder cancer, along 
with imaging tests (computed tomography (CT) or magnetic 
resonance imaging (MRI)). The verification process of the 
identified cases is summarized in the Supplementary Material 
1 (www.wjon.org).

Assessment of smoking and alcohol consumption

We acquired information on smoking and alcohol consump-
tion using NHSP data. The questionnaire administered at the 
NHSP includes information on the smoking status of partici-
pants, start and stop year of smoking, and the number of packs 
consumed per day. Among individuals who underwent more 
than one health check-up, we collected consecutive responses 
and constructed data for smoking status in chronological order. 
Participants’ latest response was cross verified with their pre-
vious responses to verify consistency.

Based on their most recent NHSP response, participants 
were categorized as “non-smoker”, “former smoker” or “cur-
rent smoker”. Period and intensity of smoking for both former 
and current smokers, as well as start and stop year of smoking 
were obtained, and from this information, we calculated the 
number of pack-years smoked by multiplying the number of 
smoking years by the number of cigarette packs smoked per 
day. The total number of pack-years was calculated for each 
individual up to bladder cancer diagnosis, smoking cessation 
or the end of follow-up, whichever came first. Smoking was 
categorized according to pack-years of < 10, 10 to < 20 and 
≥ 20.

With regards to alcohol consumption, individuals were 
categorized according to standardized guidelines as either non-
drinker, moderate drinker (< 2 times per week or < 5 drinks 
on any day (male); or < 2 times per week or < 4 drinks on any 
day (female)), or heavy drinker (≥ 2 times per week and ≥ 5 
drinks on any day (male); or ≥ 2 times per week and ≥ 4 drinks 
on any day (female)). We also acquired information on other 
lifestyle characteristics of each study subject such as age, sex, 
body mass index (BMI), blood pressure, fasting blood glucose, 
pulse pressure, proteinuria and cholesterol levels (Supplemen-
tary Material 2, www.wjon.org).

Statistical analysis

We included individuals with identifiable blood-related FDRs 
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who underwent a NHSP screening during the study period, 
and excluded individuals with single parents and children 
who were not registered as a dependent at birth (Fig. 1). Study 
subjects were followed from January 1, 2002 up to whichever 
of the following came first: the diagnosis of bladder cancer, 
death or the end of follow-up on December 31, 2019. In order 
to maximize the number of bladder cancer cases in our study, 
cases diagnosed before 2002 were also included. Sensitivity 
analyses were performed to analyze familial risks including 
and excluding bladder cancer cases diagnosed prior to 2002 
and the results did not show any significant difference.

During the follow-up period, once a parent was diagnosed 
with bladder cancer, offspring were considered exposed and 
identified as “with an affected parent” and also as the “familial 
group”. If a second parent was diagnosed, they were defined 
as the first “familial case” and offspring were considered ex-
posed to two familial cases and identified as “with both af-
fected parents”. In families with no affected patients, offspring 
were identified as “without affected parents” and also as the 
“non-familial group”, and if during follow-up either parent de-
veloped bladder cancer, they were defined as a “non-familial 
case”. We used person-time analysis in which individuals con-
tributed to their corresponding age group.

The magnitude of familial aggregation was estimated as 
hazard ratios (HRs) with 95% confidence intervals (CIs) using 
Cox proportional hazard regression models by comparing the 
incidence of bladder cancer in offspring with versus without an 
affected parent. Person-years of each study subject were calcu-
lated from the date of diagnosis to the respective end of follow-
up. Total person-years were defined as the sum of person-years 
of all study subjects. Incidence rate was measured by dividing 
the number of bladder cancer cases by total-person years at 
risk. HRs were also calculated according to each type of family 
relation. To assess effect of age on familial risk, separate age-
stratified familial analyses were performed.

To assess the association of lifestyle factors in bladder 
cancer, we used Cox proportional hazards regression models 
to evaluate HRs with 95% CIs. Independent variables were the 
lifestyle factors acquired from the NHSP database and the de-
pendent variable was development of bladder cancer. In order 
to account for missing data on lifestyle factors, we excluded 
each missing value in the univariate analysis, while for the 
multivariate analysis, we replaced the missing data with the 
most frequent values in each column. The proportional hazards 
assumptions were verified by using Schoenfeld and scaled 
Schoenfeld residuals.

Figure 1. Study flow diagram.
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To assess the contribution of lifestyle risk factors in the 
familial aggregation of bladder cancer, familial risk with and 
without adjustment for lifestyle factors was measured. Using 
Cox proportional hazards models, first familial risks without 
adjustments were estimated. Subsequently, age- and sex-ad-
justed familial risks were calculated. Then, in another model 
familial risks adjusted for lifestyle risk factors were assessed.

Interactions were examined between familial risk and 
smoking/alcohol consumption. Gene-environment interaction 
was evaluated on an additive scale using risk difference by test-
ing the assumption that family history and lifestyle factors are 
independent of each other in the underlying population. Under 
the null hypothesis, the risk difference associated with one ex-
posure (e.g., familial risk) is constant across levels of another 
exposure (e.g., smoking). We analyzed whether the presence 
of family history and either smoking or alcohol consumption 
yielded a greater or reduced risk than their separate risks. For 
this, four disjointed categories were constructed for the combi-
nations of lifestyle factors and family history of bladder cancer 
and each category was coded as a dichotomous variable. Inci-
dence was calculated as a multivariate analysis for individu-
als in each group and HRs were estimated by comparing the 
incidence of each group to that of a reference group, defined 
as individuals with neither family history nor smoking/alcohol 
intake. In the case of interaction, having both a family history 
and smoking/alcohol intake would increase the risk of bladder 
cancer more than expected.

The amount of interaction and its statistical significance 
as a departure from additivity between family history and a 
given lifestyle factor was represented by relative excess risk 
due to interaction (RERI) and its corresponding 95% CI. When 
RERI is zero, it indicates that there is no interaction between 
the two exposures, while any deviation suggests an interaction 
(Supplementary Material 3, www.wjon.org). This study was 
approved by the institutional review board of Korea University 
and was conducted in compliance with the ethical standards of 
the responsible institution on human subjects.

Results

Cohort description

Using the study database, we identified 5,524,403 individu-
als with biological mother and father, comprising 1.7 million 
families. During the study period, 24,651 individuals devel-
oped bladder cancer. From our familial relationship analysis, 
we determined that 21,608 of them were fathers and 3,043 
were mothers, and 37,760 individuals (males: 26,608, females: 
11,152) had an affected parent, while the remaining 5,486,643 
individuals (males: 3,542,561, females: 1,944,082) had no af-
fected mother or father. Table 1 summarizes the demographics 
and lifestyle factors of individuals with and without affected 
parents. No significant difference was observed between the 
two groups in terms of lifestyle risk factors except for smok-
ing, where the offspring with affected parents had a higher pro-
portion of smokers compared to those without affected parents 
(standardized difference 0.27).

Familial risk of bladder cancer

Table 2 shows that among individuals with affected parents, the 
incidence of bladder cancer was 0.44 per 10,000 person-years; 
and among individuals without affected parents, the incidence 
was 0.13 per 10,000 person-years. Accordingly, the age- and 
sex-adjusted HR for bladder cancer in individuals with versus 
without affected parents was 2.09 (95% CI: 1.41 - 3.08). Ac-
cording to family relationship, offspring of affected father and 
mother had HRs of 2.26 (95% CI: 1.51 - 3.39) and 1.10 (95% 
CI: 0.27 - 4.41) and incidences of 0.43 (95% CI: 0.29 - 0.63) 
and 0.51 (0.19 - 1.35) per 10,000 person-years, respectively.

Age- and sex-specific familial risks for bladder cancer

Age-specific analyses for familial and non-familial groups are 
presented in Supplementary Material 4 (www.wjon.org). Ac-
cording to age group, familial risk was higher among younger 
age groups and decreased with advancing age. The HR for per-
sons aged 30 - 40 years was 3.08 (95% CI: 0.99 - 7.31), which 
reduced to 1.06 (95% CI: 0.34 - 2.48) among those aged 40 
- 50 years. According to sex, males had an increased risk of 
disease, as we observed a consistent 4:1 ratio between men and 
women across age groups.

Risk of smoking and alcohol intake on bladder cancer

Figure 2 shows the association between smoking/alcohol con-
sumption and bladder cancer. Smoking was associated with an 
increased risk of disease. According to pack-years, the risk of 
bladder cancer was increased across all categories of smok-
ing and the magnitude was higher for ≥ 20 pack-years (2.73, 
95% CI: 2.21 - 3.36) compared to 10 to < 20 pack-years (1.85, 
95% CI: 1.50 - 2.27) and < 10 pack-years (1.35, 95% CI: 1.09 
- 1.66). For alcohol consumption, the HR for heavy drinking 
was 1.30 (95% CI: 1.04 - 1.63), compared to non-drinkers; 
however, moderate drinking was not associated with an in-
creased risk of disease (HR 0.87, 95% CI: 0.74 - 1.02).

To assess the relative contribution of shared lifestyle fac-
tors in the familial aggregation of bladder cancer, familial risks 
were calculated before and after adjusting for lifestyle factors 
(Table 2). The adjusted familial risk decreased slightly from 
HR 2.09 (95% CI: 1.41 - 3.08) to 2.04 (95% CI: 1.38 - 3.01), 
suggesting that the impact of lifestyle factors may be limited.

Interaction between familial risk and smoking/alcohol con-
sumption

Figure 3 presents the interaction analyses and combined ef-
fects of family history and smoking or alcohol consumption 
on bladder cancer risk. Smokers with a positive family history 
had a significantly increased risk of bladder cancer (HR 3.60, 
95% CI: 2.27 - 5.71) and the combined effect of these factors 
exceeded the sum of their individual risks (HRs 3.60 vs. 2.89). 
This indicates the presence of a statistically significant interac-
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Figure 2. Association of lifestyle factors with the total study population. CI: confidence interval; DBP: diastolic blood pressure; 
HR: hazard ratio; SBP: systolic blood pressure.

Table 2.  Familial Risk of Bladder Cancer Among Offspring of Affected Parents

With affected parents
Without affected parents

Father Mother Total
Number of people at risk 33,244 4,473 37,760 5,486,643
    Male 23,358 3,221 26,608 3,542,561
    Female 9,886 1,252 11,152 1,944,082
Number of cases 25 4 29 1,283
Person-years 585,412 78,679 664,850 96,707,652
Incidence/10,000 person-years (95% CI) 0.43 (0.29 - 0.63) 0.51 (0.19 - 1.35) 0.44 (0.30 - 0.63) 0.13 (0.13 - 0.14)
Crude HRs (95% CI) 3.32 (2.21 - 4.97) 2.02 (0.51 - 8.10) 3.16 (2.14 - 4.66) 1
HRs (95% CI) adjusted for age and sex 2.26 (1.51 - 3.39) 1.10 (0.27 - 4.41) 2.09 (1.41 - 3.08) 1
HRs (95% CI) adjusted for risk factorsa 2.20 (1.47 - 3.30) 1.09 (0.27 - 4.38) 2.04 (1.38 - 3.01) 1

aRisk factors include: age, sex, body mass index, blood pressure, cholesterol, fasting blood sugar, pulse pressure, proteinuria, drinking and smoking. 
HR: hazard ratio; CI: confidence interval.
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tive relationship (RERI 0.72, 95% CI: 0.31 - 1.13).
Drinkers with a positive family history of bladder cancer 

had an increased risk of disease (HR 2.39, 95% CI: 0.59 - 9.58) 
and their combined effect was slightly higher than the sum of 
their individual effects (HR 2.39 vs. 2.34), although this was 
not statistically significant and the excess risk was lower than 
smoking (RERI 0.05, 95% CI: -3.39 - 3.48).

Discussion

Study summary

This population-based cohort study followed 5.5 million in-
dividuals with blood-related FDR and demonstrated a 2.09-

Figure 3. Combined effect of family history and smoking and alcohol consumption on the risk of bladder cancer. CI: confidence 
interval; RERI: relative excess risk due to interaction.
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fold increased familial risk for bladder cancer, being 2.26- and 
1.10-fold among those with an affected father and mother, re-
spectively. While lifestyle factors including smoking and al-
cohol consumption were significantly associated with cancer 
risk, familial risk adjusted for lifestyle factors reduced only 
slightly to 2.04-fold, suggesting that genetic factors were the 
predominant driver in the familial aggregation of bladder can-
cer. Our findings indicate the possibility of a gene-environ-
ment interaction, as the combination of both a family history 
of bladder cancer and smoking was associated with a markedly 
increased risk of disease that exceeded the sum of their indi-
vidual effects.

Previous studies

Since the 1960s, several studies have been performed on the 
familial aggregation of bladder cancer. We identified 10 studies 
that provided familial risk estimates, six of which were per-
formed using case-control study designs. Three were hospital-
based case-control studies from USA [5], Italy [6] and Spain [7] 
that included 319, 690 and 1,158 participants, respectively, and 
reported 2- to 2.3-fold increased bladder cancer risks among 
FDRs. The remaining three were population-based case-control 
studies conducted in Iceland [18], Netherlands [8] and Utah 
[19] that yielded 1.2- to 1.73-fold increased familial risks. Most 
of these previous studies used a case-control study design and 
collected information on family relationships and cancer diag-
noses of family members from interviews or questionnaires.

Three reports from Sweden used registry-based data and 
provided familial risk estimates of up to 1.5-fold, which are 
lower than our study [10-12]. However, these studies did not 
specifically estimate familial risk for bladder cancer, but rather 
examined familial occurrence of other cancers among family 
members of bladder cancer cases. In our study, we concomi-
tantly followed persons with affected FDR as well as those 
without affected FDR and provided temporal incidence pattern 
specifically for bladder cancer.

While both genetic and shared lifestyle risk factors may 
affect familial aggregation [20-22], the findings of our study 
suggest that genetic factors are the primary determinants of the 
familial aggregation in bladder cancer. After adjusting for life-
style risk factors, the magnitude of familial risk only slightly 
decreased from 2.09- to 2.04-fold and a similar pattern was 
observed in the familial risks according to relationships.

This study demonstrated that smokers with a positive fam-
ily history had a 3.60-fold increased risk for bladder cancer and 
the combined effect of smoking with family history on the risk 
of bladder cancer exceeded the sum of their individual risks, 
showing an interactive relationship between these factors. Our 
findings suggest that genetic factors and smoking may potenti-
ate each other rather than operating independently. It is also 
possible that the impact of smoking is more sensitive towards 
those with a genetic predisposition. Although the combined 
risk of a family history and alcohol intake was high, our sta-
tistical analysis showed that the interaction was statistically 
insignificant, which may be due to the low number of bladder 
cancer cases included in our study. Smokers or drinkers with 
a positive family history may be considered a high-risk group 

and should be advised to undergo genetic counseling, as well 
as be informed of the increased risk of disease associated with 
these factors.

Gene-environment interactions between bladder cancer-
related genes and environmental risk factors such as smoking 
have been reported by a few previous studies. For smoking, 
eight SNPs (NAT2, GSTM1, UGT1A6, PSCA, MYC, CBX5 
APOBEC3A [23, 24] FOXF2 and RSPH3-TAGAP-EZR) [25] 
have been identified that showed additive gene-smoking in-
teractions [23, 26-29]. While for alcohol consumption, one 
Japanese study demonstrated that the genetic variants ALDH2 
Glu/Lys and ADH1B Arg+ increased the risk of bladder can-
cer among subjects who consumed alcohol and not in subjects 
who were non-alcoholics [30]. However, gene-environment 
interactions in bladder cancer remain unclear due to the limited 
number of studies and non-replicability of findings.

To date, GWAS and candidate gene research suggests that 
15 genomic regions play a significant role in bladder carcino-
genesis and have identified a dozen susceptibility variants for 
bladder cancer in genes GSTM1, NAT2, UGT1A, SLC14A1, 
TP63, TERT/CLPTM1L, PSCA, FGFR3/TACC3. In particular, 
FGFR3 has recently emerged as a therapeutic target in blad-
der cancer, with studies showing that approximately 50% of 
bladder cancers have somatic mutations in the FGFR3 coding 
sequence [31]. While therapies targeting the FGFR3 protein 
have demonstrated clinical benefit, further studies are needed 
to improve the management of FGFR3 bladder cancer patients 
[32]. Furthermore, our interaction analyses represent the “av-
erage” effects of these bladder cancer-related genes, and there-
fore further studies are needed to assess gene-environment 
interactions between genes and smoking, especially at the 
genome-wide level.

Suggested mechanisms for smoking in relation to bladder 
cancer include DNA damage caused by carcinogenic com-
pounds present in tobacco smoke via impaired detoxification 
[33], along with smoking-associated defective inflammatory 
and cytokine responses. While for alcohol, its metabolite acet-
aldehyde has been implicated to induce accumulation of DNA 
mutations in bladder mucosa. Several genes have been re-
ported to be involved in these mechanisms [29], such as those 
regulating DNA repair (ERCC2, FANCD2), proinflammatory 
cytokine-related responses (ILF4), cell proliferation (TP53, 
PTEN) and oxidation (ALDH2). It is plausible that these genes 
related to the mechanisms of smoking and alcohol intake may 
also be involved in the oncogenic pathways of bladder can-
cer, and possibly facilitate the interaction with bladder cancer 
carcinogenesis. Further research is required to better elucidate 
these associations which might offer probable explanations on 
the interactions found in our study.

Limitations

While we assessed gene-environment interactions assuming 
that familial risk is a surrogate for genetic factors, the concern 
may be raised that familial risk is influenced not only by ge-
netic factors, but also by shared lifestyle factors. However, our 
study was unable to precisely separate lifestyle factors from 
genetic factors. Although we controlled for several bladder 
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cancer risk factors, such as blood pressure and hyperglycemia, 
some relevant risk factors, including dietary factors, could not 
be included in our study. Moreover, the length of our study pe-
riod might not have been long enough to cover all familial oc-
currences and may have led to an under-identification of older 
relatives. Another issue is our retrospective study design and 
reliance on pre-existing databases. Possible concerns may be 
raised regarding the validity of bladder cancer diagnosis and 
misclassification bias. However, as the SSI database requires 
histological diagnosis for diagnosis confirmation, the bladder 
cancer diagnoses may be considered valid. Additionally, our 
study did not include information on genes and therefore fu-
ture genetic studies are needed to further assess and confirm 
our findings. Finally, information on smoking and alcohol 
consumption were acquired from self-reported questionnaires 
administered at the NHSP check-up, which may be subject to 
bias. However, given that the questionnaire inquires on par-
ticipants’ current lifestyle habits, the risk of recall bias may be 
considered low.

This nationwide population-based study demonstrated a 
2.09-fold increased familial risk of bladder cancer and sug-
gested that substantial interactions exist between family his-
tory of bladder cancer and smoking. This finding implies that 
smokers with a genetic predisposition are more susceptible to 
developing bladder cancer and therefore should be warned of 
this high-risk behavior for preventing the risk of developing 
the cancer.
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