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A B S T R A C T

Background: Bilirubin is a potent antioxidant that neutralizes reactive oxygen species (ROS). While previous 
studies have predominantly focused on the association between total bilirubin and cancer risk, this study 
evaluates the association of different bilirubin subgroups with cancer risk in men and women.
Methods: Data were derived from the Korean Cancer Prevention Study-II cohort, including 133,630 participants. 
Over a mean follow-up of 13.5 years, 9876 cancer cases were identified. Serum bilirubin levels (total, indirect, 
direct) were categorized into sex-specific quartiles and analyzed. Cox proportional hazard models were used to 
estimate hazard ratios (HR) and 95 % confidence intervals (CI), along with trend analyses.
Results: In men, a 1 standard deviation (SD) increase in total bilirubin was inversely associated with lung cancer 
risk (HR: 0.82, 95 % CI: 0.74–0.91), and direct bilirubin showed an inverse association (HR: 0.83, 95 % CI: 
0.74–0.93). In contrast, in women, a 1 SD increase in total bilirubin was positively associated with lung cancer 
risk (HR: 1.15, 95 % CI: 1.00–1.32). Among male smokers, a 1 SD increase in total bilirubin (≥30 cigarettes/day) 
was inversely associated with lung cancer risk (HR: 0.73, 95 % CI: 0.55–0.97), and a 1 SD increase in direct 
bilirubin (10–19 cigarettes/day) showed an inverse association (HR: 0.79, 95 % CI: 0.63–0.99).
Conclusions: In men, both total and direct bilirubin levels were inversely associated with lung cancer risk, 
whereas in women, total bilirubin was positively associated with lung cancer risk.

1. Introduction

Bilirubin is a biomolecule produced during the breakdown of he
moglobin in red blood cells and is primarily excreted through the liver 
[1,2]. Traditionally recognized as a clinical marker for jaundice [2], 
bilirubin has gained attention for its potent antioxidant properties and 
potential roles in chronic diseases and cancer [1,3-6]. As a powerful 
antioxidant, bilirubin neutralizes reactive oxygen species (ROS), pro
tects cellular structures, and suppresses inflammation [1,7,8]. Previous 
studies have largely focused on the association between total bilirubin 
levels and cancer risk, with evidence suggesting that higher total bili
rubin levels are associated with reduced risks of lung [5,6] and 

colorectal cancers [10–14]. However, the roles of bilirubin subgroups 
(indirect and direct bilirubin) in cancer development remain poorly 
understood. This study aims to fill this gap by investigating the specific 
roles of bilirubin subgroups and examining potential threshold effects, 
where bilirubin’s antioxidant protection may diminish or reverse at 
higher levels [15–17]. In addition, this study examines sex-specific 
metabolic differences in bilirubin and their contributions to cancer 
prevention. Given the strong link between smoking and lung cancer, we 
investigate the antioxidant role of bilirubin in smoking-related lung 
cancer. Finally, we propose a novel application of the Albumin-Bilirubin 
(ALBI) index, a composite marker traditionally used to evaluate liver 
function, to provide a comprehensive perspective on bilirubin’s role in 
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cancer prevention.

2. Methods

2.1. Study population

This study utilized data from the Korean Cancer Prevention Study-II 
(KCPS-II), comprising 153,971 adults aged 20 years or older who visited 
18 health screening centers nationwide between 2004 and 2013. All 
participants provided written informed consent, agreeing to the use of 
their health screening and survey data for research purposes [18]. In
dividuals who had been diagnosed with cancer or were cancer survivors 
before the cohort was established were excluded from the study. Addi
tionally, those with missing data on smoking and alcohol consumption 
were excluded, resulting in a sample size of 143,282 participants. After 
further excluding individuals with missing bilirubin measurements, the 
final analysis included 133,630 participants. This study was conducted 
following approval from the Institutional Review Board of Severance 
Hospital (approval number: 4–2011–0277).

2.2. Bilirubin measurement

Bilirubin levels were measured using an automated chemistry 
analyzer (AU5800; Beckman Coulter, Seoul, Korea). Total bilirubin 
levels are determined through the reaction of bilirubin with a stabilized 
diazonium salt, specifically 3,5-dichlorophenyldiazonium tetra
fluoroborate (DPD), resulting in the formation of azobilirubin. Caffeine 
and surfactants are incorporated to accelerate this reaction. The azobi
lirubin is then measured based on its absorbance at 570/660 nm, with 
this absorbance being proportional to the bilirubin concentration in the 
sample. To correct for any endogenous serum interference, a separate 
serum blank is also measured. The within-run precision of the assay has 
a coefficient of variation (CV) of less than 3 % or a standard deviation 
(SD) of ≤ 0.07, while the total precision maintains a CV of less than 5 % 
or an SD of ≤ 0.10.

The measurement of direct bilirubin employs a modified version of 
the classical method developed by Van den Bergh and Mueller [19]. In 
this method, direct (conjugated) bilirubin reacts with DPD in an acidic 
environment to produce azobilirubin. The serum concentration of direct 
bilirubin is proportional to the intensity of the azobilirubin color, which 
is measured at 540/600 nm. The within-run precision for direct bilirubin 
measurements displays a CV of less than 7 % or an SD of ≤ 0.07, while 
the total precision exhibits a CV of less than 8 % or an SD of ≤ 0.21. 
Indirect bilirubin is not measured, but rather is calculated as the dif
ference between total bilirubin and direct bilirubin.

2.3. Cancer case ascertainment

Cancer incidence among the study participants was determined with 
nearly 100 % accuracy through annual linkage to the National Cancer 
Center (NCC) Registry using their resident registration numbers [18,20]. 
In Korea, cancer information from any hospital is reported to the NCC as 
mandated by the Cancer Control Act. Cancer cases were classified ac
cording to the International Classification of Diseases, 10th Revision 
(ICD-10), into the following categories: all cancers (C00-C96), thyroid 
cancer (C73), lung cancer (C34), liver cancer (C22), colorectal cancer 
(C18, C19, C20), stomach cancer (C16), prostate cancer (C64), and 
breast cancer (C50). A total of 9876 cancer cases were identified during 
the study period. The mean follow-up time for the cohort was 13.5 years, 
while the median follow-up time for all cancers was 13.9 years. The 
median follow-up time and number of cases for specific cancer types 
were as follows: 2314 cases of thyroid cancer (14.0 years, IQR: 
13.4–14.6), 721 cases of lung cancer (14.0 years, IQR: 13.4–14.6), 389 
cases of liver cancer (14.0 years, IQR: 13.4–14.6), 806 cases of colorectal 
cancer (14.0 years, IQR: 13.4–14.6), 1162 cases of stomach cancer (14.0 
years, IQR: 13.4–14.6), 705 cases of prostate cancer (14.1 years, IQR: 

13.4–14.6), and 976 cases of breast cancer (14.0 years, IQR: 13.4–14.6).

2.4. Statistical analysis

Descriptive statistical analyses were performed to examine differ
ences in general characteristics by sex. Serum bilirubin levels were 
categorized into sex-specific quartiles to account for mean value dif
ferences between men and women, and the relationship between these 
quartiles and cancer incidence was assessed. To standardize age differ
ences across quartiles, age-standardized incidence rates were calculated 
using the direct method, with the 2005 South Korean national popula
tion as the standard. A trend analysis was conducted to evaluate cancer 
incidence differences across bilirubin quartiles, and the impact of a 1 
standard deviation (SD) increase in bilirubin on cancer incidence was 
analyzed. Cox proportional hazard models were used to estimate hazard 
ratios (HR) and 95 % confidence intervals (CIs) for the association be
tween serum bilirubin levels and cancer incidence. The models were 
adjusted for confounding variables, including age, sex, smoking history, 
alcohol consumption, body mass index (BMI), Glutamate Oxaloacetate 
Transaminase (GOT), and Glutamate Pyruvate Transaminase (GPT). 
Year was used as the time scale, and the mean follow-up time was 13.5 
years. The ALBI (Albumin-Bilirubin) Index, calculated using the formula 
ALBI = (log10 bilirubin [µmol/L] × 0.66) + (albumin [g/L] × − 0.085), 
was applied to assess bilirubin’s association with lung cancer risk. For 
this calculation, bilirubin levels were converted from mg/dL to µmol/L. 
The same confounding variables were adjusted for in the ALBI analysis. 
Each bilirubin subgroup (total bilirubin, direct bilirubin, and indirect 
bilirubin) was individually applied to the ALBI formula to evaluate 
hazard ratios for lung cancer. Sensitivity analyses were performed in 
two ways: first, by excluding the initial 3 years of follow-up to minimize 
potential bias from preclinical cancer cases, and second, by excluding 
liver cancer from the overall analysis due to bilirubin’s potential role as 
a risk factor for liver cancer. All statistical analyses were conducted 
using SAS version 9.4.

3. Results

3.1. Characteristics of the study population

As shown in Table 1, the study population consisted of 133,596 
participants, including 83,371 men and 50,225 women. The average age 
was 40.9 years (SD 10.0), with men having an average age of 41.6 years 

Table 1 
Baseline characteristics of Korean cancer prevention study-II participants*.

Characteristics Men 
(n = 83,371)

Women 
(n = 50,225)

Age, y 41.6 (9.5) 39.7 (10.7)
Body mass index 24.4 (2.9) 22.0 (3.0)
Serum bilirubin, mg/dl
Total 0.95 (0.38) 0.75 (0.30)
Indirect 0.59 (0.26) 0.47 (0.21)
Direct 0.36 (0.14) 0.29 (0.12)
Alcohol drinking, g/d 22.67 (29.45) 5.98 (13.77)
Smoking status, %
Never 22.7 89.4
Previous 32.7 6.4
Current 44.6 4.2
Any alcohol use, %
Never 5.8 30.8
Previous 7.9 16.5
Current 86.3 52.7

†Body mass index was calculated as weight in kilograms divided by the square of 
height in meters.
*Participants with any of the following features at study entry were excluded: 
missing data on serum bilirubin level, existing cancer, and missing data on 
smoking status.

* Data are expressed as mean (SD) unless otherwise indicated.
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(SD 9.5) and women having an average age of 39.7 years (SD 10.7). Men 
had higher BMI and bilirubin levels than women, and they also had 
higher smoking and drinking rates.

3.2. Associations between a 1 SD increase in total bilirubin levels and 
cancer risk

In the overall population, a 1 SD increase in total bilirubin levels was 
associated with a 4 % lower overall cancer risk and a 10 % lower lung 
cancer risk, while it was associated with a 14 % higher liver cancer risk. 
Additionally, it was associated with a 6 % lower gastric cancer risk, 
which was of borderline significance (Table 2). When stratified by sex, a 
1 SD increase in total bilirubin levels in men was associated with a 4 % 
lower overall cancer risk and an 18 % lower lung cancer risk, alongside a 
6 % lower gastric cancer risk, which was of borderline significance 
(Fig. 1). Conversely, in women, a 1 SD increase in total bilirubin levels 
was associated with a 15 % higher lung cancer risk and a 44 % higher 
liver cancer risk (Fig. 2).

3.3. Associations between a 1 SD increase in indirect bilirubin levels and 
cancer risk

In the overall population, a 1 SD increase in indirect bilirubin levels 
was associated with a 5 % lower overall cancer risk and a 5 % lower 
thyroid cancer risk, which was of borderline significance. Additionally, a 
6 % lower gastric cancer risk was associated with indirect bilirubin 
levels, which was of borderline significance (Table 3). When stratified 
by sex, a 1 SD increase in indirect bilirubin levels in men was associated 
with a 5 % lower overall cancer risk and an 11 % lower lung cancer risk, 
which was of borderline significance (Fig. 1). Conversely, in women, a 
1 SD increase in indirect bilirubin levels was associated with a 4 % lower 
overall cancer risk, a 7 % lower thyroid cancer risk, and a 7 % lower 
breast cancer risk, all of which were of borderline significance. Addi
tionally, a 34 % higher liver cancer risk was associated with a 1 SD in
crease in indirect bilirubin levels in women (Fig. 2).

3.4. Associations between a 1 SD increase in direct bilirubin levels and 
cancer risk

In the overall population, a 1 SD increase in direct bilirubin levels 
was associated with a 13 % lower risk of lung cancer and an 18 % higher 
risk of liver cancer (Table 4). When stratified by sex, a 1 SD increase in 
direct bilirubin levels in men was associated with a 17 % lower risk of 
lung cancer and a 17 % higher risk of liver cancer (Fig. 1). Conversely, in 
women, a 1 SD increase in direct bilirubin levels was associated with a 
44 % higher risk of liver cancer (Fig. 2).

3.5. HR variability in relation to bilirubin antioxidant activity

HR variability associated with all cancers was observed in men 
concerning total and indirect bilirubin levels. For total bilirubin, the HR 
decreased from 1.0 in Q1 to 0.88 in Q3, then slightly increased to 0.89 in 
Q4. Indirect bilirubin showed a similar pattern, with the HR decreasing 
from 1.0 in Q1 to 0.89 in Q4. Both total and indirect bilirubin levels were 
statistically significant, while direct bilirubin was not (Fig. 3). For lung 
cancer, HR variability was observed in men with regard to total and 
direct bilirubin subgroups. The HR for total bilirubin consistently 
decreased from 1.0 in Q1 to 0.69 in Q4. In contrast, direct bilirubin 
showed variability, with the HR decreasing sharply from 1.0 in Q2 to 
0.63 in Q3, followed by a slight increase to 0.70 in Q4. Both total and 
direct bilirubin levels were statistically significant, whereas indirect 
bilirubin was not (Fig. 3). Among women, HR variability related to lung 
cancer was observed only for total bilirubin levels. For total bilirubin, 
the HR progressively increased from 1.0 in Q1 to 1.64 in Q4, indicating 
an opposite association compared to men. Total bilirubin was statisti
cally significant, while indirect and direct bilirubin levels were not 
significant (Fig. 4).

3.6. Association between a 1 SD increase in bilirubin levels and the risk of 
all cancers by smoking amount

In the general population, a 1 SD increase in total bilirubin (30 +

cigarettes/day) was associated with a 14 % lower risk of all cancers. 

Table 2 
Association between serum total bilirubin level and cancer risk in korean cancer prevention study-II, 2005-2021.

Total bilirubin, mg/dl

Q1 Q2 Q3 Q4

Type of 
cancer

n (Median Follow-Up Time 
[years], IQR)

Men 
Women

0.16–0.69 
0.10–0.50

0.70–0.89 
0.51–0.69

0.90–1.10 
0.70–0.89

1.11–10.8 
0.90–4.70

p value for 
Trend

Per 1 SD 
increase

All cancer 9876 (13.9, 13.3–14.5) Incidence rate‡ 763.3 759.9 708.1 677.3 ​ ​
​ ​ HR (95 % CI) § 1.0 1.00 

(0.94–1.06)
0.92 
(0.87–0.98)

0.93 
(0.87–0.98)

0.0019 0.97 
(0.95–0.99)

​ ​ HR (95 % CI) 
§§

1.0 0.99 
(0.94–1.05)

0.91 
(0.86–0.97)

0.90 
(0.85–0.96)

0.0004 0.96 
(0.94–0.98)

​ ​ HR (95 % CI) 
§§§

1.0 1.04 
(0.97–1.11)

0.94 
(0.89–1.01)

0.91 
(0.86–0.98)

0.0004 0.96 
(0.94–0.98)

Thyroid 2314 (14.0, 13.4–14.6) Incidence rate‡ 133.5 126.6 123.5 127.7 ​ ​
​ ​ HR (95 % CI) § 1.0 1.00 

(0.89–1.13)
0.95 
(0.85–1.06)

0.95 
(0.85–1.07)

0.2728 0.98 
(0.94–1.02)

Lung 721 (14.0, 13.4–14.6) Incidence rate‡ 87.2 84.1 62.3 51.4 ​ ​
​ ​ HR (95 % CI) § 1.0 1.02 

(0.84–1.25)
0.86 
(0.71–1.06)

0.85 
(0.68–1.06)

0.0549 0.90 
(0.83–0.98)

Liver 389 (14.0, 13.4–14.6) Incidence rate‡ 21.8 24.5 28.3 43.3 ​ ​
​ ​ HR (95 % CI) § 1.0 1.23 

(0.88–1.70)
1.38 
(1.02–1.88)

1.99 
(1.46–2.71)

< .0001 1.14 
(1.06–1.22)

Colorectal 806 (14.0, 13.4–14.6) Incidence rate‡ 66.3 74.4 67.1 55.3 ​ ​
​ ​ HR (95 % CI) § 1.0 1.04 

(0.85–1.27)
1.00 
(0.82–1.21)

0.96 
(0.78–1.18)

0.6331 0.98 
(0.91–1.06)

Stomach 705 (14.0, 13.4–14.6) Incidence rate‡ 105.6 101.6 87.7 71.9 ​ ​
​ ​ HR (95 % CI) § 1.0 0.94 

(0.80–1.10)
0.86 
(0.73–1.00)

0.79 
(0.66–0.94)

0.0037 0.94 
(0.88–1.00)

Abbreviations: CI, confidence interval; HR, hazard ratio; ‡Age-Adjusted Incidence Rate per 100,000 person-year.
§The Cox proportional hazards model was adjusted for age, sex, smoking status, alcohol use body mass index, GOT, and GGT.
§§ Analysis excluding liver cancer, §§§ Analysis excluding the first 3 years of follow-up
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Fig. 1. Associations between a 1 SD increase in bilirubin levels and cancer risk in men.

Fig. 2. Associations between a 1 SD increase in bilirubin levels and cancer risk in women.

Table 3 
Association between serum indirect bilirubin level and cancer risk in korean cancer prevention study-II, 2005-2021.

Indirect bilirubin

Q1 Q2 Q3 Q4

Type of 
cancer

n (Median Follow-Up Time 
[years], IQR)

Men 
Women

0.02–0.40 
0.02–0.30

0.41–0.55 
0.30–0.40

0.56–0.70 
0.40–0.60

0.71–5.49 
0.60–4.00

p value for 
Trend

Per 1 SD 
increase

All cancer 9876 (13.9, 13.3–14.5) Incidence rate‡ 697.6 724.3 645.8 615.4 ​ ​
​ ​ HR (95 % CI) § 1.0 0.98 

(0.92–1.05)
0.93 
(0.87–0.99)

0.92 
(0.86–0.98)

0.0025 0.96 
(0.93–0.98)

​ ​ HR (95 % CI) 
§§

1.0 0.98 
(0.92–1.05)

0.92 
(0.86–0.98)

0.90 
(0.84–0.96)

0.0086 0.95 
(0.93–0.97)

​ ​ HR (95 % CI) 
§§§

1.0 1.00 
(0.92–1.07)

0.94 
(0.83–0.96)

0.92 
(0.86–0.98)

0.0061 0.95 
(0.92–0.97)

Thyroid 2314 (14.0, 13.4–14.6) Incidence rate‡ 121.8 120.9 102.3 122.9 ​ ​
​ ​ HR (95 % CI) § 1.0 0.89 

(0.78–1.02)
0.86 
(0.75–0.98)

0.92 
(0.81–1.05)

0.1285 0.95 
(0.91–1.00)

Lung 721 (14.0, 13.4–14.6) Incidence rate‡ 68.9 80.6 64.3 50.4 ​ ​
​ ​ HR (95 % CI) § 1.0 1.33 

(1.03–1.72)
1.01 
(0.78–1.30)

0.92 
(0.70–1.21)

0.3794 0.95 
(0.87–1.05)

Liver 389 (14.0, 13.4–14.6) Incidence rate‡ 27.0 27.8 29.5 38.6 ​ ​
​ ​ HR (95 % CI) § 1.0 1.11 

(0.77–1.61)
1.18 
(0.84–1.64)

1.51 
(1.09–2.10)

0.0172 1.10 
(0.99–1.22)

Colorectal 806 (14.0, 13.4–14.6) Incidence rate‡ 68.0 53.8 65.1 64.8 ​ ​
​ ​ HR (95 % CI) § 1.0 0.98 

(0.80–1.19)
0.88 
(0.73–1.07)

0.88 
(0.72–1.08)

0.1282 0.95 
(0.87–1.04)

Stomach 705 (14.0, 13.4–14.6) Incidence rate‡ 93.4 85.0 84.2 69.7 ​ ​
​ ​ HR (95 % CI) § 1.0 0.94 

(0.80–1.10)
0.86 
(0.73–1.00)

0.79 
(0.66–0.94)

0.0037 0.94 
(0.88–1.00)

Abbreviations: CI, confidence interval; HR, hazard ratio; ‡Age-Adjusted Incidence Rate per 100,000 person-year.
§The Cox proportional hazards model was adjusted for age, sex, smoking status, alcohol use body mass index, GOT, and GGT.
§§ Analysis excluding liver cancer, §§§ Analysis excluding the first 3 years of follow-up
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Additionally, a 1 SD increase in indirect bilirubin (30 + cigarettes/day) 
was associated with a 12 % lower risk of all cancers, with borderline 
significance. Both total bilirubin and indirect bilirubin showed statisti
cally significant associations, while direct bilirubin was not significant 
(Supplementary Figure 1). In men, a 1 SD increase in total bilirubin 
(30 + cigarettes/day) was associated with a 13 % lower risk of all 
cancers. In this group, only total bilirubin was statistically significant, 
while indirect and direct bilirubin were not significant (Fig. 5, 

Supplementary Figure 1). In women, a 1 SD increase in total bilirubin 
(30 + cigarettes/day) was associated with a 53 % lower risk of all 
cancers. Additionally, a 1 SD increase in indirect bilirubin (30 + ciga
rettes/day) was associated with a 69 % lower risk of all cancers. Both 
total bilirubin and indirect bilirubin were statistically significant, while 
direct bilirubin was not significant (Supplementary Figure 2, Supple
mentary Table 1–9).

Table 4 
Association between serum direct bilirubin level and cancer risk in korean cancer prevention study-II, 2005-2021.

Direct bilirubin

Q1 Q2 Q3 Q4

Type of 
cancer

n (Median Follow-Up Time 
[years], IQR)

Men 
Women

0.07–0.29 
0.04–0.19

0.30–0.30 
0.20–0.29

0.31–0.42 
0.30–0.30

0.43–5.00 
0.31–1.60

p value for 
Trend

Per 1 SD 
increase

All cancer 9876 (13.9, 13.3–14.5) Incidence rate‡ 696.3 669.8 653.2 643.4 ​ ​
​ ​ HR (95 % CI) § 1.0 0.98 

(0.92–1.06)
0.95 
(0.88–1.02)

0.99 
(0.92–1.07)

0.6454 1.00 
(0.97–1.03)

​ ​ HR (95 % CI) 
§§

1.0 0.96 
(0.90–1.04)

0.92 
(0.85–0.99)

0.96 
(0.89–1.04)

0.2570 1.00 
(0.97–1.03)

​ ​ HR (95 % CI) 
§§§

1.0 0.98 
(0.92–1.06)

0.95 
(0.88–1.02)

0.99 
(0.92–1.07)

0.6454 0.99 
(0.97–1.01)

Thyroid 2314 (14.0, 13.4–14.6) Incidence rate‡ 99.4 130.4 114.4 117.7 ​ ​
​ ​ HR (95 % CI) § 1.0 1.02 

(0.89–1.19)
0.92 
(0.79–1.08)

0.98 
(0.84–1.15)

0.4201 0.99 
(0.95–1.03)

Lung 721 (14.0, 13.4–14.6) Incidence rate‡ 86.8 76.6 43.6 44.4 ​ ​
​ ​ HR (95 % CI) § 1.0 0.97 

(0.76–1.24)
0.65 
(0.49–0.87)

0.74 
(0.56–0.99)

0.0037 0.87 
(0.78–0.96)

Liver 389 (14.0, 13.4–14.6) Incidence rate‡ 24.9 23.4 37.9 40.6 ​ ​
​ ​ HR (95 % CI) § 1.0 1.53 

(1.03–2.27)
2.05 
(1.38–3.05)

2.31 
(1.56–3.41)

< .0001 1.18 
(1.11–1.24)

Colorectal 806 (14.0, 13.4–14.6) Incidence rate‡ 112.2 90.4 126.2 90.3 ​ ​
​ ​ HR (95 % CI) § 1.0 0.94 

(0.74–1.19)
0.92 
(0.71–1.20)

1.05 
(0.82–1.36)

0.6659 1.05 
(0.97–1.14)

Stomach 705 (14.0, 13.4–14.6) Incidence rate‡ 104.8 73.3 79.6 83.3 ​ ​
​ ​ HR (95 % CI) § 1.0 0.97 

(0.79–1.17)
0.92 
(0.74–1.14)

0.87 
(0.70–1.08)

0.1769 0.97 
(0.91–1.04)

Abbreviations: CI, confidence interval; HR, hazard ratio; ‡Age-Adjusted Incidence Rate per 100,000 person-year.
§The Cox proportional hazards model was adjusted for age, sex, smoking status, alcohol use body mass index, GOT, and GGT.
§§ Analysis excluding liver cancer, §§§ Analysis excluding the first 3 years of follow-up

Fig. 3. Association of bilirubin subgroups with risk of various cancers: hazard ratios and trends in men.
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3.7. Association between a 1 SD increase in bilirubin levels and the risk of 
lung cancers by smoking amount

In the general population, a 1 SD increase in total bilirubin (30 +

cigarettes/day) was associated with a 28 % lower lung cancer risk 

compared to non-smokers. Additionally, a 1 SD increase in direct bili
rubin (10–19 cigarettes/day) was associated with a 21 % lower lung 
cancer risk. Both total bilirubin and direct bilirubin showed statistically 
significant associations, while indirect bilirubin was not significant 
(Supplementary Figure 1). In men, a 1 SD increase in total bilirubin 

Fig. 4. Association of bilirubin subgroups with risk of various cancers: hazard ratios and trends in women.

Fig. 5. Association between a 1 SD increase in bilirubin levels and the risk of all cancers and lung cancers by smoking amount in men [1]. Smokers include both 
current and former smokers.

J.W. Shin et al.                                                                                                                                                                                                                                  Cancer Epidemiology 94 (2025) 102727 

6 

Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 13, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



(30 + cigarettes/day) was associated with a 27 % lower lung cancer risk 
compared to non-smokers. Additionally, a 1 SD increase in direct bili
rubin (10–19 cigarettes/day) was associated with a 21 % lower lung 
cancer risk. Both total bilirubin and direct bilirubin were statistically 
significant, while indirect bilirubin was not significant (Fig. 5, Supple
mentary Table 1–9).

3.8. Association between a 1 SD increase in bilirubin levels and lung 
cancer risk using the ALBI index

The application of the ALBI index revealed that, in men, a 1 SD in
crease in total bilirubin was associated with a 13 % lower lung cancer 
risk, while a 1 SD increase in direct bilirubin was associated with a 14 % 
lower risk. Both results were statistically significant; however, a 1 SD 
increase in indirect bilirubin was not significantly associated with lung 
cancer risk. In contrast, in women, a 1 SD increase in total bilirubin was 
associated with a 19 % higher lung cancer risk, and a 1 SD increase in 
indirect bilirubin was associated with a 99 % higher risk, both of which 
were statistically significant. However, a 1 SD increase in direct bili
rubin did not show a significant association with lung cancer risk 
(Fig. 6).

4. Discussion

This study analyzed the associations between bilirubin subgroups 
(total bilirubin, indirect bilirubin, direct bilirubin) and cancer risk ac
cording to sex. The results demonstrated that bilirubin subgroups 
showed distinct associations with specific cancer types that varied by 
sex. For example, in men, total bilirubin and indirect bilirubin were 
inversely associated with the risk of all cancers, whereas in women, 
indirect bilirubin was inversely associated with the risk of all cancers, 
thyroid cancer, and breast cancer. In contrast, total bilirubin was posi
tively associated with the risk of lung cancer in women. This suggests 
that the role of bilirubin may differ depending on sex and subgroup. 
Previous studies have primarily focused on the association between total 
bilirubin and cancer risk [5,6,12,13]. For instance, studies have shown 
that higher total bilirubin levels are inversely associated with the risk of 
lung and colorectal cancers [5,6,12,13], while higher total bilirubin 
levels are positively associated with the risk of liver cancer [13,21]. This 
study extends previous research by analyzing the roles of indirect and 
direct bilirubin, in addition to total bilirubin, across different cancer 
types and sexes to provide a more comprehensive understanding of 
bilirubin’s complex role. Indirect (Unconjugated) bilirubin is the form 
that circulates in the blood bound to albumin before conjugation in the 
liver. It participates in the NADH redox process, neutralizing ROS and 
acting as an antioxidant to reduce oxidative damage [1,2,7,8]. In 
contrast, direct (Conjugated) bilirubin is a water-soluble form that is 
primarily excreted via bile, playing a significant role in liver function 
and detoxification. Direct bilirubin contributes to reducing oxidative 
damage and indirectly helps maintain the body’s redox balance through 
bile excretion. These differences in characteristics and physiological 
roles between bilirubin subgroups may also influence cancer risk, with 
variations observed depending on sex and specific cancer types [14]. 

Additionally, this study analyzed the associations between bilirubin 
subgroups and lung cancer risk according to smoking amount. In male 
smokers, both total bilirubin and direct bilirubin were inversely asso
ciated with the risk of lung cancer (Fig. 5), consistent with the associ
ations observed in male subjects with controlled smoking (Fig. 1). In 
contrast, among female subjects with controlled smoking, total bilirubin 
was positively associated with the risk of lung cancer, and notably, as 
total bilirubin levels increased (Q4), the lung cancer risk also tended to 
increase (Fig. 4). This contrasts with the associations observed in males 
(Fig. 2). These findings support the existing understanding that indirect 
bilirubin and direct bilirubin, which constitute total bilirubin, are 
associated with distinct metabolic roles and exist at different quantita
tive levels in the body depending on sex and other factors [22]. Partic
ularly in men, direct bilirubin appears to be associated with a stronger 
protective association against lung cancer, likely due to its antioxidant 
properties and cellular protective mechanisms. Currently, bilirubin is 
measured by separately determining total bilirubin and direct bilirubin, 
then calculating indirect bilirubin by subtracting direct bilirubin from 
total bilirubin. In healthy individuals, indirect bilirubin levels are typi
cally 2–4 times higher than direct bilirubin levels [23]. Considering this, 
the observed protective association of total bilirubin with lung cancer 
risk in men is likely largely attributable to direct bilirubin. Moreover, in 
this study, among male subjects with controlled smoking, higher levels 
of direct bilirubin (Q3) showed a much stronger inverse association with 
reduced lung cancer risk than total bilirubin (Fig. 3). This suggests that 
despite its lower quantitative levels, direct bilirubin may be more 
strongly associated with lung cancer risk reduction compared to total or 
indirect bilirubin. Recent prognostic studies on patients with non-small 
cell lung cancer (NSCLC) have shown that those with higher serum 
direct bilirubin levels tend to have an increased mortality rate compared 
to those with lower levels [24]. In contrast, higher direct bilirubin levels 
have also been associated with improved progression-free survival (PFS) 
[25]. These clinical findings suggest that bilirubin may play an impor
tant role in cancer progression and treatment response. However, this 
study was conducted in a normal population, and the results demon
strated that higher direct bilirubin levels were inversely associated with 
the risk of lung cancer. This difference suggests that the association 
between bilirubin and cancer risk may vary depending on the health 
status and disease progression of the population being studied. In NSCLC 
patients, bilirubin may act as a marker of cancer progression, whereas in 
a normal population, its antioxidant properties may confer a protective 
association.

4.1. The dual role of bilirubin in cancer risk

Bilirubin is a potent antioxidant that plays a crucial role in protecting 
cells by neutralizing ROS [1,7,8,26]. Since ROS are a major cause of 
oxidative stress, which leads to cellular damage [26], bilirubin’s ability 
to mitigate ROS may contribute to reducing the risk of cancer devel
opment [7,27]. However, the effects of antioxidants like bilirubin are 
complex and can vary depending on their concentration [9,21,28]. As 
observed in this study, the antioxidant effects of bilirubin can become 
saturated or even induce oxidative stress when a certain concentration is 

Fig. 6. Association of the ALBI Index with Lung Cancer Risk in Men and Women.
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exceeded (Figs. 3, 4). This "dual role" suggests that while bilirubin 
contributes to cell protection at lower concentrations, at higher con
centrations, it may no longer exert protective effects and could even 
cause cellular harm [15–17]. In men, an increase in direct bilirubin 
levels was inversely associated with the risk of lung cancer (Fig. 3). 
However, when these levels exceeded a certain threshold, the protective 
association diminished, and in some cases, the effect reversed, leading to 
an increased risk for certain cancers. In contrast, in women, an increase 
in total bilirubin levels was positively associated with the risk of lung 
cancer (Fig. 4), suggesting that hormonal or metabolic differences be
tween sexes may influence these outcomes. The study observed these 
fluctuations in antioxidant effects across various cancers, including lung 
and liver cancer, indicating that high bilirubin levels may disrupt the 
balance of the antioxidant system and potentially induce oxidative 
stress. This suggests a nonlinear relationship between bilirubin levels 
and cancer risk, where both excessively low and high concentrations 
may elevate cancer risk [15]. These findings underscore the importance 
of maintaining bilirubin levels within an appropriate range, supporting 
the hypothesis that elevated bilirubin levels could potentially induce 
mitochondrial dysfunction in hepatocytes [29]. This dysfunction may 
result in excessive ROS production, thereby increasing the risk of can
cers such as liver cancer. Therefore, regulating bilirubin concentrations 
is crucial to maintaining the balance of antioxidant defense mechanisms.

4.2. Application of the ALBI index in lung cancer

The ALBI (Albumin-Bilirubin) Index was originally developed as a 
measure for evaluating liver function [30]. However, recent prognostic 
studies applying the ALBI Index to NSCLC patients have suggested its 
potential importance in assessing cancer progression and treatment 
response [31–33]. This study is the first large-scale cohort study to apply 
the ALBI Index to a normal population to analyze the association be
tween the ALBI Index and lung cancer risk. Albumin, along with bili
rubin, functions as a non-enzymatic antioxidant and plays a key role in 
antioxidant defense mechanisms within the body [34,35]. Recent 
studies on albumin and the prognosis of lung cancer patients have shown 
that those with higher serum albumin levels tend to have better survival 
rates, disease control rates (DCR), and objective response rates (ORR) 
[36,37]. Based on these findings, The results indicated in men, both total 
bilirubin and direct bilirubin were inversely associated with the risk of 
lung cancer (Fig. 6). This is consistent with findings from previous 
prognostic studies on NSCLC patients, further confirming the relevance 
of bilirubin’s antioxidant properties in reducing the risk of lung cancer 
in men. Notably, when applying the ALBI Index, the association of direct 
bilirubin with lung cancer risk appeared stronger than that of total 
bilirubin. This finding aligns with results considering direct bilirubin 
alone, suggesting that direct bilirubin continues to play a significant role 
in influencing lung cancer risk. However, the overall protective associ
ation regarding lung cancer was somewhat diminished. This implies that 
albumin, which reflects liver function and overall health status, may 
partially influence the association of bilirubin in men. In contrast, in 
women, an increase in total bilirubin and indirect bilirubin levels was 
positively associated with the risk of lung cancer, and this association 
was more pronounced after applying the ALBI index compared to the 
analysis considering bilirubin alone. Notably, the association between 
indirect bilirubin levels and lung cancer risk, which was statistically 
non-significant in previous analyses, sharply increased after applying 
the ALBI index. These sex differences suggest that bilirubin and albumin 
may function differently depending on sex, providing important insights 
into how the antioxidant effects of these two substances vary in relation 
to lung cancer risk.

4.3. Strengths and limitations of the study

This study utilized large-scale cohort data to analyze the associations 
between bilirubin subgroups (total bilirubin, indirect bilirubin, direct 

bilirubin) and the risk of various cancers, thereby enhancing the reli
ability of the findings. Unlike previous studies that primarily focused on 
the relationship between total bilirubin and cancer risk, this study 
clarified the differences between bilirubin subgroups through sex- 
specific analyses. In men, both total bilirubin and direct bilirubin were 
inversely associated with the risk of lung cancer, with the effect of direct 
bilirubin appearing stronger than that of total bilirubin. In contrast, in 
women, an increase in total bilirubin levels was positively associated 
with the risk of lung cancer, and this association was more pronounced 
when applying the ALBI Index in both men and women. However, this 
study has several limitations. First, as an observational study, it has 
limitations in establishing a causal relationship between bilirubin sub
groups and cancer risk. While associations were observed, it remains 
unclear whether changes in bilirubin levels directly influence cancer 
development or if other confounding factors are at play. Second, dif
ferences in sample sizes across sex and cancer types may affect the 
generalizability of the findings. In some subgroups, small sample sizes 
may lead to unreliable estimates and limit the ability to detect signifi
cant associations. Specifically, in the case of smoking women, the small 
sample size made it difficult to generate statistically significant results. 
Third, although BMI was considered, certain factors such as adult- 
attained height, which may independently affect cancer risk (e.g., 
breast cancer), were not separately adjusted. Additionally, important 
confounding variables such as socio-economic status (e.g., education 
level), participation in cancer screening programs, comorbidities (e.g., 
diabetes), family history of cancer, hormonal factors in women, and 
medication use (e.g., aspirin) were not included. The exclusion of these 
variables could introduce residual confounding, potentially affecting the 
accuracy of our results. Fourth, lifestyle factors such as diet and physical 
activity, which are known to influence cancer risk, were not fully 
considered. The exclusion of these variables may have introduced re
sidual confounding, potentially affecting the accuracy of the results. 
Fifth, although the follow-up period was relatively long, cancer is a 
disease that develops over several decades. For cancers with long latency 
periods, a longer follow-up may be necessary to fully understand the 
relationship between bilirubin levels and cancer incidence. Sixth, the 
ALBI (Albumin-Bilirubin) Index was originally developed as a tool to 
evaluate liver function, and this study represents the first application of 
the ALBI Index to assess lung cancer risk in a large cohort of the general 
population. Further research is needed to determine whether the ALBI 
Index can serve as a meaningful predictive tool for cancers beyond the 
liver, particularly lung cancer. Given that the ALBI Index was primarily 
used in patients with liver diseases, there may be limitations when 
applying it to the general population, which could affect the interpre
tation of lung cancer risk. Additionally, the ALBI Index may not fully 
account for sex-specific differences, which could limit its effectiveness in 
sex-based cancer risk analysis. These limitations suggest that further 
research is needed to better understand the complexity of applying 
bilirubin and the ALBI Index to cancer incidence and prevention in the 
general population.

5. Conclusion

This study provides important insights into the complex relation
ships between bilirubin subgroups (total bilirubin, indirect bilirubin, 
direct bilirubin) and cancer risk, highlighting that the associations of 
bilirubin levels vary by sex and cancer type. Notably, in men, both total 
and direct bilirubin levels were inversely associated with lung cancer 
risk, whereas in women, total bilirubin was positively associated with 
lung cancer risk.
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