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INTRODUCTION

Endogenous antioxidants, including uric acid (UA), albumin, 

and bilirubin, have been shown to reduce the risk of cancer 
through detoxification of reactive oxygen species (ROS).1 ROS 
play a key role in cancer development and progression by pro-
moting oxidative DNA damage, and also contributes to the in-
troduction of mutations in oncogenes and tumor-suppressor 
genes.2 Although the effects of endogenous and dietary antiox-
idants on tumor initiation and progression have been exten-
sively studied, the role of ROS in tumorigenesis remains poor-
ly understood.1

Paradoxically, the endogenous antioxidant UA exerts anti-
oxidant effects in the extracellular environment and pro-oxi-
dative effects in the intracellular environment.3 Interestingly, a 
meta-analysis of five studies has shown a strong association be-
tween serum UA levels and cancer incidence in 456053 sub-
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jects.4 Consistently, the Swedish apolipoprotein-related mortal-
ity risk study (AMORIS) has demonstrated a similar association, 
although this association was sex- and cancer type-dependent.3 
However, the European prospective investigation into cancer 
and nutrition (EPIC) study has shown a negative correlation 
between serum UA levels and the risk of breast cancer.5 The as-
sociation between serum albumin levels and the risk of cancer 
is also poorly understood. A UK cohort study has shown that 
lower pre-diagnosis serum albumin levels were associated 
with an increased risk of cancer in 100122 subjects.6 In con-
trast, the AMORIS and EPIC-Heidelberg cohort studies have 
found a negative correlation between baseline serum albumin 
levels and the risk of colorectal and breast cancer, respective-
ly.5,7 The inverse association between bilirubin levels and can-
cer incidence was well demonstrated;8 however, this association 
varied depending on the sex and cancer type. Among individu-
als, uridine diphosphoglucuronate glucuronosyltransferase 
1A1 polymorphisms and high serum bilirubin levels were asso-
ciated with an increased incidence of colorectal cancer in males, 
but not in females.9 Another prospective study reported no as-
sociation between serum bilirubin levels and the risk of cancer.5

Despite the previous extensive investigations, the roles of UA, 
albumin, and bilirubin in different cancer types remain unclear. 
Additionally, the association between the risk of cancer and 
the levels of UA, albumin, and bilirubin in Asian populations is 
understudied. In this study, we prospectively evaluated the as-
sociation between the levels of UA, albumin, and bilirubin and 
the risk of cancer in a Korean population.

MATERIALS AND METHODS

Study subjects
The study cohort consisted of community-dwelling adults aged 
≥50 years who underwent baseline examinations as a part of 
two studies, the Namwon study (n=10667; 2004–2007) and the 
Don-gu study (n=9260; 2007–2010). Details of the study sub-
jects and measurement methods have been previously report-
ed.10 Subject follow-up for cancer development and death was 
conducted until the end of 2017 using the national cancer reg-
istry database of the National Cancer Center Korea and until 
the end of 2018 using the death registration database of the 
National Bureau of Statistics. Median follow-up period for can-
cer incidence and cancer death were 9.65 years (range 1.0 to 
13.99) and 11.47 years (range 1.0 to 14.99), respectively. Among 
the participants of the two cohorts (n=19927), we excluded the 
subjects who had cancer at the time of baseline examination 
(n=814); subjects with missing information on UA, albumin, to-
tal bilirubin, or other baseline measurements (n=2980); and 
subjects who were diagnosed with cancer within 12 months af-
ter baseline examination (n=251). Our analyses included data 
from 15882 individuals (6094 males and 9788 females). Dur-
ing the follow-up period, 1619 subjects (938 males and 681 fe-

males) were diagnosed with cancer, and 617 subjects (403 males 
and 214 females) died due to cancer. All study participants pro-
vided informed consent, and the cohort studies were approved 
by the Institutional Review Board of Chonnam National Uni-
versity Hospital (IRB No. I-2008-05-056, I-2014-215).

Measurements
Venous blood samples were obtained after 12-hour (overnight) 
fasting. Blood processing, including the preparation of serum, 
plasma, and buffy coat, was performed on-site. Serum was iso-
lated by high-speed centrifugation (4°C) within 30 min of blood 
withdrawal. The levels of UA, SA, total bilirubin, and high-den-
sity lipoprotein (HDL) cholesterol were determined by enzy-
matic assay using an automatic analyzer (Hitachi-7600; Hita-
chi, Japan). Smoking, alcohol consumption, education level, 
family history of cancer, and physical activity were recorded. 
Smoking and alcohol consumption status were recorded as cur-
rent, former, and never smoker or drinker. Physical activity was 
classified as never, seldom, sometimes, often, and always. Edu-
cation level was classified as uneducated, primary school, mid-
dle school, and post-high school. Height, waist circumference, 
and weight were registered to the nearest 0.1 cm and 0.1 kg, 
respectively. Cancer history was recorded at the time of base-
line examination by both self-reporting and search in the cancer 
registry. Diabetes was defined using fasting glucose ≥126 mg/dL 
in baseline examination, and individuals who were under treat-
ment of diabetes were also classified as having diabetes. 

Statistical analysis
Baseline characteristics were compared between the subjects 
who were diagnosed with cancer during the follow-up period 
and those without a cancer diagnosis. Statistical significance 
was determined by chi-square test or Student’s t-test as appro-
priate. The associations between the levels of endogenous an-
tioxidants and the risk of cancer (stomach, colorectum, lung, 
breast, prostate, and thyroid cancer) and cancer-related death 
were assessed using Cox proportional hazards regression to 
calculate the hazard ratio (HR) per standard deviation (SD) 
increment and 95% confidence interval (CI) in each antioxi-
dant. The levels of endogenous antioxidants were provided as 
continuous rather than quartiles. Age, sex, smoking, alcohol 
consumption, physical activity, education level, body mass in-
dex, family history of cancer, diabetes, and HDL cholesterol 
were adjusted as covariates in the model. Physiological levels of 
UA (males, <7 mg/dL; females, <6 mg/dL), albumin (>3.5 g/dL), 
and total bilirubin (<1.2 mg/dL) were used for sensitivity anal-
ysis. To evaluate the sex difference in the associations, sex-spe-
cific analysis was also performed for all cancer types. Penalized 
B-spline curves adjusted for covariates were fitted to evaluate 
the nonlinearity between cancer risk and the serum levels of 
antioxidants. Data points below the 0.5 percentile and above the 
99.5 percentile were removed as outliers. p-values<0.05 were 
considered statistically significant. All analyses were performed 
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using R (version 3.6.1, Vienna, Austria).

RESULTS

Baseline characteristics of the study participants are presented 
in Table 1. Cancer diagnosis (n=1619) was more frequent among 
male, older, educated individuals who smoked and consumed 
alcohol. Serum UA levels were significantly higher in cancer 
cases, whereas no significant differences were observed in the 
serum levels of total bilirubin and albumin (Table 1).

The associations between cancer risk and the serum levels 
of UA, albumin, and total bilirubin are summarized in Table 2. 
UA levels were positively correlated with the overall risk of can-
cer (HR per 1 SD increment, 1.04; 95% CI, 1.01–1.09), as well as 
the risk of prostate cancer (HR, 1.33; 95% CI, 1.12–1.59). Albu-
min levels were negatively correlated with the overall risk of 
cancer incidence (HR, 0.92; 95% CI, 0.88–0.96), the risk of lung 
cancer (HR, 0.81; 95% CI, 0.73–0.91) and liver cancer (HR, 
0.65; 95% CI, 0.59–0.72), as well as the risk of cancer-related 
death (HR, 0.86; 95% CI, 0.80–0.93). Total bilirubin levels were 
also associated with the risk of liver cancer (HR, 1.23; 95% CI, 
1.11–1.37) and negatively correlated with the risk of cancer-
related death (HR, 0.91; 95% CI, 0.83–0.99).

Sensitivity analysis results of the subjects with physiological 
serum levels of UA, albumin, and total bilirubin are presented 
in Table 3. UA levels were not associated with the overall can-
cer risk or prostate cancer risk. However, the negative correla-
tion between albumin levels and the overall risk of cancer, the 
risk of lung cancer and liver cancer, and cancer-related mor-
tality were maintained. In addition, a significant inverse asso-
ciation between total bilirubin levels and the overall risk of 
cancer incidence and cancer death were observed (Table 3). 
Sex-specific analysis results are presented in Table 4. The in-
verse association between albumin and the risk of overall cancer 
(HR, 0.92; 95% CI, 0.86–0.99) and cancer-related death (HR, 

Table 1. Baseline Characteristics of Study Subjects (n=15882)

No cancer
(n=14263)

Cancer incidence
(n=1619)

p value

Sex <0.001

Male 5156 (36.1) 938 (57.9)

Female 9107 (63.9) 681 (42.1)

Age (yr) 62.9±8.2 65.0±7.5 <0.001

Body mass index (kg/m2) 24.4±3.0 24.4±3.0   0.558

Waist circumference (cm) 87.4±8.4 87.9±8.4   0.094

Smoking <0.001

Never 10004 (70.1) 826 (51.0)

Former/current smoker 4259 (29.9) 793 (49.0)

Alcohol <0.001

Never 6403 (44.9) 570 (35.2)

Former/current drinker 7860 (55.1) 1049 (64.8)

Regular exercise   0.232

Never/seldom 8777 (61.5) 971 (60.0)

Sometimes and more 5486 (38.5) 648 (40.0)

Education levels   0.218

Primary school and under 8267 (58.0) 912 (56.3)

Middle school and higher 5996 (42.0) 707 (43.7)

Family cancer history   0.927

No 10640 (74.6) 1210 (74.7)

Yes 3623 (25.4) 409 (25.3)

Diabetes   0.001

No 12066 (84.6) 1316 (81.3)

Yes 2197 (15.4) 303 (18.7)

HDL cholesterol (mg/dL) 49.6±11.9 48.2±12.1 <0.001

Uric acid (mg/dL)   4.6 (0.1–12.8)   4.9 (1.6–10.5) <0.001

Albumin (g/dL) 4.5 (1.3–6.0) 4.5 (0.7–5.8)   0.057

Bilirubin (mg/dL) 0.7 (0.1–5.3) 0.7 (0.1–3.6)   0.268

HDL, high density lipoprotein.
Values are expressed as n (%), mean±standard deviation, or median (rang-
es), as appropriate.

Table 2. Hazard Ratios Per 1 SD Increment (95% CI) of Cancer Incidence of UA, Albumin, and Total Bilirubin

UA Albumin Total bilirubin
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Cancer incidence (n=1619) 1.05 (1.02–1.11) 1.04 (1.01–1.09) 0.92 (0.88–0.96) 0.92 (0.88–0.96) 0.95 (0.90–1.00) 0.96 (0.91–1.01)
Stomach (n=298) 0.94 (0.83–1.07) 0.92 (0.81–1.05) 1.01 (0.90–1.13) 0.97 (0.87–1.09) 0.95 (0.85–1.07) 0.96 (0.86–1.08)
CRC (n=238) 1.11 (0.98–1.27) 1.08 (0.94–1.23) 1.03 (0.91–1.17) 0.99 (0.87–1.13) 0.95 (0.83–1.08) 0.96 (0.84–1.09)
Lung (n=231) 0.91 (0.79–1.04) 0.93 (0.81–1.07) 0.82 (0.73–0.92) 0.81 (0.73–0.91) 0.85 (0.73–0.98) 0.88 (0.77–1.02)
Thyroid (n=135) 1.03 (0.84–1.28) 0.97 (0.78–1.22) 0.99 (0.83–1.17) 1.06 (0.88–1.27) 0.99 (0.81–1.20) 0.98 (0.80–1.19)
Prostate (n=116) 1.36 (1.15–1.60) 1.33 (1.12–1.59) 1.07 (0.89–1.28) 1.08 (0.90–1.30) 0.96 (0.81–1.15) 0.95 (0.80–1.14)
Liver (n=95) 1.07 (0.87–1.33) 1.05 (0.84–1.30) 0.67 (0.61–0.73) 0.65 (0.59–0.72) 1.24 (1.11–1.38) 1.23 (1.11–1.37)
Breast (n=52) 1.00 (0.70–1.43) 0.92 (0.63–1.35) 1.12 (0.84–1.48) 1.11 (0.82–1.49) 1.21 (0.96–1.53) 1.16 (0.89–1.52)
Others (n=454) 1.12 (1.02–1.24) 1.11 (1.00–1.22) 1.00 (0.91–1.10) 0.98 (0.89–1.07) 0.86 (0.77–0.95) 0.86 (0.78–0.96)

Cancer death (n=617) 1.02 (0.94–1.11) 1.03 (0.95–1.12) 0.88 (0.82–0.95) 0.86 (0.80–0.93) 0.89 (0.81–0.97) 0.91 (0.83–0.99)
SD, standard deviation; CI, confidence interval; UA, uric acid; N, number of cancer incidence or deaths; CRC, colorectal cancer.
Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, smoking, alcohol drinking, physical activity, education levels, body mass index, family 
history of diabetes, and serum high density lipoprotein cholesterol levels.
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0.89; 95% CI, 0.80–0.99) was maintained in male, but not in fe-
male. No association between cancer risk and serum bilirubin 
levels was found in both sexes, but an inverse association be-
tween serum bilirubin and risk of cancer death was maintained 
in male (HR, 0.89; 95% CI, 0.80–0.99) (Table 4). The differences 
between the goodness-of-fit and non-linear models were not 
significant (p>0.05) (Fig. 1).

DISCUSSION

In this prospective cohort study, we evaluated the association 
between the serum levels of endogenous antioxidants (UA, 
albumin, and bilirubin) and the risk of cancer and cancer-re-
lated death in a Korean population. To the best of our knowl-
edge, this is the most extensive prospective study to evaluate 
the relationship between the levels of UA and albumin and the 
risk of different cancers in an Asian population. We found that 
the overall risk of cancer was positively correlated with serum 

Table 4. Hazard Ratios Per 1 SD Increment (95% CI) of Cancer Incidence of UA, Albumin, and Total Bilirubin within the Normal Range Stratified by Sex

Sex UA Albumin Bilirubin
Male (n=716)

Cancer incidence (n=716) 1.01 (0.93–1.09) 0.92 (0.86–0.99) 0.94 (0.87–1.01)
Stomach (n=149) 0.91 (0.77–1.08) 1.03 (0.88–1.20) 0.93 (0.79–1.09)
CRC (n=110) 1.08 (0.88–1.32) 0.96 (0.80–1.15) 0.96 (0.80–1.15)
Lung (n=137) 0.93 (0.78–1.11) 0.85 (0.72–0.99) 0.87 (0.74–1.03)
Thyroid (n=11) 0.92 (0.48–1.77) 0.87 (0.49–1.53) 1.73 (0.98–3.05)
Prostate (n=83) 1.23 (0.97–1.57) 1.07 (0.86–1.32) 1.08 (0.87–1.33)
Liver (n=42) 0.93 (0.67–1.28) 0.50 (0.37–0.66) 1.21 (0.90–1.61)
Others (n=184) 1.06 (0.91–1.25) 0.98 (0.85–1.12) 0.84 (0.73–0.97)

Cancer death (n=316) 0.99 (0.88–1.11) 0.87 (0.78–0.96) 0.89 (0.80–0.99)
Female (n=628)

Cancer incidence (n=628) 1.03 (0.93–1.13) 0.96 (0.89–1.04) 0.96 (0.88–1.05)
Stomach (n=99) 0.94 (0.74–1.20) 0.88 (0.72–1.08) 0.90 (0.72–1.12)
CRC (n=88) 1.16 (0.90–1.50) 1.06 (0.85–1.31) 0.80 (0.63–1.02)
Lung (n=59) 0.96 (0.70–1.31) 0.81 (0.62–1.05) 0.98 (0.74–1.30)
Thyroid (n=111) 1.00 (0.79–1.27) 1.09 (0.89–1.33) 0.98 (0.80–1.21)
Breast (n=49) 0.96 (0.67–1.38) 1.06 (0.79–1.43) 1.27 (0.95–1.70)
Liver (n=27) 1.06 (0.67–1.68) 0.54 (0.37–0.77) 1.12 (0.76–1.66)
Others (n=195) 1.08 (0.90–1.28) 1.02 (0.88–1.18) 0.96 (0.82–1.12)

Cancer death (n=191) 1.03 (0.87–1.23) 0.90 (0.78–1.04) 0.91 (0.78–1.07)
SD, standard deviation; CI, confidence interval; UA, uric acid; N, number of cancer incidence or deaths; CRC, colorectal cancer.
HRs were adjusted for age, sex, smoking, alcohol drinking, physical activity, education levels, body mass index, family history of diabetes, and serum high densi-
ty lipoprotein cholesterol levels.

Table 3. Hazard Ratios Per 1 SD Increment (95% CI) of Cancer Incidence of UA, Albumin, and Total Bilirubin within the Normal Range

UA Albumin Total bilirubin
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Cancer incidence (n=1348) 1.04 (0.98–1.10) 1.02 (0.96–1.08) 0.93 (0.89–0.98) 0.93 (0.88–0.98) 0.94 (0.89–1.00) 0.95 (0.90–1.00)
Stomach (n=250) 0.95 (0.83–1.09) 0.93 (0.81–1.07) 0.99 (0.88–1.12) 0.97 (0.86–1.10) 0.91 (0.80–1.03) 0.92 (0.81–1.05)
CRC (n=197) 1.14 (0.98–1.34) 1.13 (0.96–1.32) 1.03 (0.90–1.19) 1.00 (0.87–1.15) 0.88 (0.76–1.01) 0.89 (0.77–1.03)
Lung (n=198) 0.91 (0.78–1.06) 0.94 (0.81–1.10) 0.83 (0.72–0.96) 0.82 (0.72–0.94) 0.85 (0.74–0.98) 0.89 (0.77–1.03)
Thyroid (n=123) 1.07 (0.86–1.33) 1.01 (0.80–1.26) 1.01 (0.84–1.21) 1.07 (0.89–1.28) 1.06 (0.88–1.27) 1.05 (0.87–1.27)
Prostate (n=83) 1.26 (0.99–1.59) 1.23 (0.97–1.57) 1.06 (0.86–1.30) 1.07 (0.86–1.32) 1.09 (0.89–1.34) 1.08 (0.87–1.33)
Liver (n=69) 1.03 (0.79–1.33) 0.99 (0.76–1.29) 0.54 (0.43–0.68) 0.53 (0.42–0.66) 1.16 (0.92–1.46) 1.19 (0.94–1.50)
Breast (n=49) 1.06 (0.75–1.50) 0.96 (0.67–1.38) 1.07 (0.81–1.43) 1.06 (0.79–1.43) 1.34 (1.02–1.77) 1.27 (0.95–1.70)
Others (n=379) 1.09 (0.97–1.22) 1.07 (0.95–1.20) 1.00 (0.91–1.11) 0.99 (0.89–1.10) 0.89 (0.81–0.99) 0.89 (0.80–0.99)

Cancer death (n=509) 0.99 (0.90–1.08) 1.01 (0.91–1.11) 0.89 (0.82–0.97) 0.88 (0.80–0.95) 0.87 (0.79–0.95) 0.89 (0.82–0.98)
SD, standard deviation; CI, confidence interval; UA, uric acid; N, number of cancer incidence or deaths; CRC, colorectal cancer.
Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, smoking, alcohol drinking, physical activity, education levels, body mass index, family 
history of diabetes, and serum high density lipoprotein cholesterol levels.
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UA levels and negatively correlated with albumin and bilirubin 
levels. The risks of gastric cancer and prostate cancer were 
positively correlated with serum UA levels, whereas lung can-
cer risk was negatively correlated with serum albumin levels. 
Furthermore, albumin and bilirubin serum levels were nega-
tively correlated with the risk of cancer-related death.

Growing evidence suggests a protective role of endogenous 
antioxidants in ROS-induced carcinogenesis;1 however, find-
ings vary depending on the cancer type, and the precise mech-
anisms underlying the protective effects of different antioxidants 

remain elusive. ROS play a key role in cancer development and 
progression by promoting oxidative DNA damage, and also 
contributes to the introduction of mutations in oncogenes or 
tumor-suppressor genes.2 By preventing ROS-induced DNA 
oxidation and DNA damage, antioxidants inhibit tumor pro-
gression. However, the protective effect of antioxidants against 
ROS-induced tumor initiation remains unclear.1

We found that the serum levels of UA were positively corre-
lated with the overall risk of cancer, as well as the risk of prostate 
cancer. However, these associations were not observed when 
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Fig. 1. HRs of cancer incidence and cancer death of UA, albumin, and total bilirubin levels using penalized B-spline curves. HR, hazard ratio; SD, standard 
deviation; UA, uric acid.
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only subjects with physiological serum UA levels were taken 
into consideration. Consistent with our findings, a recent me-
ta-analysis and the AMORIS study showed a strong association 
between serum UA levels and the risk of cancer.3,4 

In contrast to some previous studies,5,11,12 we found a signifi-
cant association between serum UA levels and prostate cancer 
risk. Among Japanese male in Hawaii, increased incidence of 
prostate cancer was observed in individuals with high serum 
UA levels compared to those with low serum UA levels.11 How-
ever, two recent large-cohort prospective studies reported no 
association between serum UA levels and the risk of prostate 
cancer.5,12 Consistent with the findings of a recent meta-analy-
sis,13 we found a significant association between serum UA 
levels and the risk of urological and digestive cancers, but not 
breast cancer. The AMORIS study reported a negative correla-
tion between serum UA levels and the risk of breast and lung 
cancers.3 Xanthine, a precursor of UA, is catabolized by xanthine 
oxidoreductase, which produces ROS as by-products,14 provid-
ing a potential link between UA and carcinogenesis. Addition-
ally, hyperuricemia is closely related to chronic inflammation, 
type 2 diabetes mellitus, obesity, insulin resistance, and hyper-
tension, all of which may contribute to carcinogenesis.15 

In this study, we found a negative correlation between albu-
min levels and the overall risk of cancer, the risk of lung can-
cer, and cancer-related death. These associations were signifi-
cant in individuals with physiological serum levels of albumin. 
A previous prospective cohort study showed an increased can-
cer risk in individuals with hypoalbuminemia.6 However, sev-
eral prospective studies reported no association between se-
rum albumin levels and the risk of lung cancer,5,16 whereas a 
negative correlation was observed between albumin levels and 
the risk of breast and colorectal cancers.5,7 In contrast to these 
previous findings, we found a significant association between 
albumin levels and the risk of lung cancer. Additionally, we 
found an inverse association between albumin levels and the 
risk of cancer-related death, in line with previous findings.5,17 
Most previous studies on the relationship between albumin 
levels and the risk of cancer involved the measurement of albu-
min levels in subjects who were already diagnosed with cancer; 
therefore, further prospective investigations are required to elu-
cidate the relationship between pre-diagnosis albumin levels 
and the risk of cancer. Additionally, the negative association be-
tween albumin and liver cancer outcomes is likely to be find-
ings due to reverse-causality. 

Total bilirubin levels were negatively correlated with the risk 
of cancer-related death, both in the entire cohort and in indi-
viduals with physiological total bilirubin levels (<1.2 mg/dL). In 
the latter, bilirubin levels were also negatively correlated with 
the overall risk of cancer, possibly since patients with elevated 
bilirubin levels due to hepatobiliary disease were excluded 
from the analysis. Although the EPIC study reported no signifi-
cant association between bilirubin levels and the risk of breast, 
prostate, colorectal, and lung cancers,5 other studies reported 

an inverse association between bilirubin levels and lung can-
cer risk.18,19 A causal relationship between low bilirubin levels 
and the risk of lung cancer was suggested in a Mendelian ran-
domization study using two variants (rs887829 and rs4149056) 
as instrumental variables that together explain nearly 40% of the 
variability in bilirubin levels.20 The risk of cancer-related death 
was also inversely associated with bilirubin levels, consistent 
with previous findings;21,22 however, the mechanisms underly-
ing the protective effects of bilirubin remain unclear. Bilirubin 
is a metabolic end-product of heme catabolism. Upon oxidiza-
tion, bilirubin is converted to biliverdin by biliverdin reductase. 
Moreover, bilirubin has been shown to inhibit the activity of nic-
otinamide adenine dinucleotide phosphate oxidase, a primary 
source of ROS in the vasculature.23

This study has several limitations. First, the levels of UA, albu-
min, and total bilirubin might have been affected by the sub-
jects’ physical condition and underlying illnesses, such as gout 
and hepatobiliary disease; however, we could not adjust for 
these factors due to the lack of information regarding the sub-
jects’ underlying conditions. To overcome this limitation, we 
performed sensitivity analyses focusing on the subjects with 
physiological serum levels of UA, albumin, and total bilirubin. 
Second, the study subjects were not representative of the gen-
eral population, as the participants of the Namwon and the 
Dong-gu studies were aged between 45 and 74 years, and over 
50 years, respectively. Third, the statistical power of subgroup 
analyses based on cancer type was low due to the small num-
ber of cases. Despite these limitations, this study has numer-
ous strengths. First, it was a community-based prospective co-
hort study, which is a more accurate real-world approach than 
hospital-based case-control studies. Second, the follow-up pe-
riod of participants was relatively long. Third, the association 
between serum UA levels and gastric cancer risk was found for 
the first time. Gastric cancer is known as the most common type 
of cancer among Koreans; therefore, Koreans would be more 
epidemiologically suitable as study subjects than the Western 
population, which has a lower incidence of gastric cancer. Last-
ly, the current study offers a novel finding suggesting the role of 
albumin in lung cancer carcinogenesis.

In conclusion, this study assessed the relationship of the se-
rum levels of UA, albumin, and bilirubin with the risk of can-
cer and cancer-related death. Consistent associations were 
observed between antioxidants and cancer incidence or can-
cer death, except between UA and cancer incidence. As a re-
sult of an exploratory analysis of the association for each cancer 
type, some novel findings were observed, such as an inverse as-
sociation between albumin levels and lung cancer risk. How-
ever, due to the weak association and inconsistencies, the re-
sults are still limited evidence. Future large-cohort studies with 
longer follow-up periods are needed to confirm the predictive 
value of albumin, UA, and total bilirubin levels in each cancer 
type.
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