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Abstract
Background: Albumin is supposed to be associated with cancer risk. However, evi-
dence on serum albumin and cancer risk among the Chinese population is sparse. 
This study was conducted to evaluate the association between pre- diagnostic serum 
albumin and cancer risk among Chinese.
Methods: A total of 82,061 participants with baseline information on serum albumin 
concentration in the Kailuan cohort were recruited. Cox proportional hazards models 
and restricted cubic spline (RCS) analyses were used to evaluate the association be-
tween pre- diagnostic serum albumin and cancer risk.
Results: Albumin levels were inversely associated with overall cancer risk (HR [95% 
CI]: Q2, Q3, Q4 vs. Q1: 0.91 [0.78– 1.07], 0.80 [0.70– 0.92], 0.73 [0.63– 0.85]), and 
the risk of lung, colorectal, and liver cancer (HR [95% CI]: Q4 vs. Q1: lung: 0.70 
[0.52– 0.95], colorectal: 0.43 [0.26– 0.72], liver: 0.59 [0.36– 0.95]). After excluding 
new cancer cases within 2 years since enrollment, a more significant association was 
observed for liver cancer (HR [95% CI]: Q4 vs. Q1: 0.41 [0.21– 0.78]), while asso-
ciations converted to nonsignificant for lung and colorectal cancer. The RCS model 
suggested an inverse linear association between albumin and the risk of overall can-
cer (p- overall < 0.0001, p- nonlinear = 0.3716) and liver cancer (p- overall = 0.0002, 
p- nonlinear = 0.1807).
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1 |  INTRODUCTION

With increasing incidence and mortality, cancer is now 
responsible for most global deaths in the 21st century. 
According to the report of the GLOBOCAN, an estimated 
18.1 million new cancer cases and 9.6 million cancer deaths 
occurred worldwide in 2018, among which more than one 
fifth were from China.1

As cancer becoming a major public health problem, sev-
eral important risk factors have been identified in the liter-
ature, such as smoking, drinking, obesity, and hepatitis B 
virus (HBV) infection,2- 5 with some generic to all cancers 
and some specific for different cancer types. Albumin was 
proved to be closely associated with the advance and prog-
nosis of cancer since 1989.6- 16 Hypotheses for decreased 
albumin concentration in cancer patients were varied, 
including malnutrition, increased albumin consumption 
due to the expression of cancer cells, and inhibition of 
albumin synthesis caused by systemic inflammation.7,17 
Furthermore, it was proposed that serum albumin was a 
kind of endogenous antioxidant,18 which could reduce can-
cer risk through exerting anticarcinogenic properties.19 A 
positive association between hypoalbuminemia and abnor-
mal carcinoembryonic antigen were also reported.20 Taken 
together, albumin was supposed to be associated with can-
cer risk.

Previous studies on serum albumin levels and cancer risk 
have yielded inconsistent results.21- 30 Results from a cohort 
study indicated that lower albumin levels were associated 
with an increased risk of new cancer diagnosis within a year.21 
Concerning each cancer type, inverse associations were con-
firmed by several studies between albumin levels and risks of 
colorectal22,23 and breast cancer.24 However, there were also 
studies reporting nonsignificant associations among colorec-
tal, breast, lung, and prostate cancer,25- 29 and even positive 
associations among ovarian cancer 30 were reported.

Notably, among the above- mentioned studies, only a 
few were prospective, and none was conducted among the 
Chinese population. Therefore, we conducted this study 
using data from the Kailuan cohort to confirm and further 

evaluate the association between pre- diagnostic serum albu-
min and cancer risk among Chinese.

2 |  MATERIALS AND METHODS

2.1 | Study population

The data were obtained from the Kailuan cohort study, which 
was a prospective study based on health examinations among 
employees of the Kailuan Company. The Kailuan Company 
is in Tangshan City, Hebei Province, and has developed a 
diversified economy, including coal mining, electric power, 
manufacturing, transportation, trading, and health care. 
Routine medical examinations of the employees were con-
ducted every 2 years at 11 affiliated hospitals of the Kailuan 
Company. The Kailuan cohort study was initiated in May 
2006. Four rounds of questionnaire interviews and health 
examinations were conducted in 2006– 2007, 2008– 2009, 
2010– 2011, and 2012– 2013 to collect information on both 
risk factors and blood tests. New participants beyond the first 
round could enter the cohort at the second, third, and fourth 
round. Therefore, the Kailuan cohort was established as a 
population- based dynamic cohort. In case of the potential 
survival bias, subjects with a previous diagnosis of any prev-
alent cancers before baseline recruitment were excluded. In 
total, 1,38,150 subjects were enrolled through four rounds of 
surveys and examinations, among which, participants with-
out blood test results of serum albumin were further excluded 
for this analysis. Ultimately, 82,061 participants in the age 
range between 18 and 104 were enrolled in this study. The 
study was approved by the Medical Ethics Committee of 
Kailuan General Hospital and all participants provided writ-
ten informed consent.

2.2 | Laboratory tests

Standard protocols were applied for all measurements as 
described in previous studies.31- 33 Morning fasting venous 
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blood samples were collected from the antecubital vein and 
transfused into vacuum tubes containing ethylenediaminetet-
raacetic acid (EDTA). Tubes were centrifuged at 3000 g for 
10  min at room temperature and blood samples were pro-
cessed into plasma, serum, and other samples. Serum sam-
ples were detected within 4 hours. As for serum albumin, it 
was measured using an autoanalyzer (Hitachi 747; Hitachi) 
according to the manufacturer's protocols at the central labo-
ratory of the Kailuan General Hospital. Four categories of 
baseline serum albumin levels were classified according to 
quartiles of the study population (Q1: <44.6, Q2: 44.6– 45.9, 
Q3: 46.0– 47.9, Q4: ≥48.0 g/L).

2.3 | Assessment of covariables

Face- to- face interviews were conducted by well- trained staff 
using standardized questionnaires to collect information on 
demographics, socioeconomics, lifestyle factors, and per-
sonal medical history as potential risk factors. The status 
of coal mine dust exposure was obtained from the partici-
pants' work history recorded in the Kailuan Company.34,35 In 
the questionnaire, family income per person was classified 
as <500 Chinese Yuan (CNY) per month, 500– 1000 CNY 
per month, and ≥1,000 CNY per month, referred to the low- 
income standard of Gross National Income (less than $1005) 
by the World Bank. Educational level was divided into 
four categories including illiterate or primary school, jun-
ior high school, senior high school, and college and above. 
Smoking status was classified as never, quit, occasional (<1 
cigarette per day), and frequent smoking (≥1 cigarette per 
day). Alcohol drinking status was divided into ever drink-
ers or never drinkers. Coal dust exposure status was classi-
fied as non- exposure or exposure. Bodyweight and height 
were measured with participants wearing light clothes and 
no shoes, and the body mass index (BMI) was calculated ac-
cording to the equation that BMI = weight (kg)/height (m2). 
Enzyme- linked immunosorbent assay was used to detect 
HBV infection status and the status was classified as HBsAg 
positive or negative. Serum C- reactive protein (CRP) was 
measured using a commercial, high- sensitivity nephelometry 
assay (Cias Latex CRP- H, Kanto Chemical Co. Inc.).

2.4 | Outcome ascertainment

Follow- up of each participant began when baseline exami-
nations were completed and ended at the first diagnosis of 
cancer, death, last documented follow- up contact, or 31 
December 2015, whichever came first. Incident cancer cases 
were identified mainly through biennial interviews. Medical 
records and death certificates were also used to add missing 
outcome information, which were attained from the medical 

insurance system of Tangshan city, the social security system 
of the Kailuan Group, and discharge summaries of affiliated 
hospitals. The diagnoses of incident cancers were confirmed 
by clinical experts according to comprehensive information of 
pathological, imaging diagnosis, and blood biochemical ex-
amination. Cancers were coded according to the International 
Classification of Diseases, Tenth Revision (ICD– 10). Gastric, 
colorectal, liver, lung, and breast cancer were coded as C16, 
C18– 19, C22, C34, and C50, respectively.

2.5 | Statistical analyses

Baseline characteristics of the participants were described 
by percentages and compared using the Chi- square test for 
categorical variables. For continuous variables, distribu-
tions were described by the mean (standard deviation) and 
compared using analysis of Variance. To evaluate the as-
sociation between baseline serum albumin levels and inci-
dent cancer risk, cox proportional hazards regression models 
were used to calculate hazard ratios (HRs) and 95% confi-
dence intervals (CIs). Multivariable analyses were adjusted 
for potential confounders, including age (10- year inter-
val), gender (male, female), the education level (illiterate 
or primary school, junior high school, senior high school, 
and college and above), income status (<500  CNY, 500– 
1000  CNY, and ≥1000  CNY, per month), coal dust expo-
sure status (non- exposure or exposure), BMI (BMI < 18.5, 
18.5 ≤ BMI < 25.0, 25.0 ≤ BMI < 30.0, BMI ≥ 30.0), the 
concentration of CRP (<0.5, 0.5– 1.0, 1.1– 2.5, >2.5, mg/L), 
smoking status (never, quit, <1 cigarette per day, ≥1 ciga-
rette per day), alcohol drinking status (never, ever) and HBV 
infection status (HBsAg negative, HBsAg positive). Further 
subgroup analyses were conducted by subgroups of gender, 
BMI, and cigarette smoking status. For sensitivity analysis, 
we further excluded 563 participants who were diagnosed 
with cancers within the first 2 years after finishing the base-
line examination of serum albumin. Moreover, the associa-
tion between albumin concentrations and cancer risk were 
evaluated through restricted cubic spline (RCS) analysis 
based on multivariate Cox proportional hazard models.36 
Tests in this study were all two- sided and p < 0.05 was con-
sidered statistically significant. All statistical analyses were 
conducted using the SAS statistical software, version 9.4 
(SAS Institute Inc.).

3 |  RESULTS

3.1 | Baseline characteristics of participants

Selected baseline characteristics of participants in the Kailuan 
cohort were listed in Table 1. This study consisted of 62,141 
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males and 19,920 females with a mean age of 50.32 ± 12.81 at 
baseline. More than half of the participants have been exposed 
to coal dust or were supposed to be overweight according to 
the WHO standard. The rate of current smoking and ever al-
cohol drinking were 32.04% and 40.58%, respectively, and the 
prevalence of HBV infection status was 2.96% in this study. 
Among the study population, mean serum concentrations of 
albumin were 46.47±7.90  g/L. Lower serum albumin levels 
were mainly observed among individuals above 60 years old 
(proportion of Q1: 35.30), individuals with education levels 
below primary school (proportion of Q1: 33.38) and those with 
income less than 500 CNY (proportion of Q1: 27.42).

3.2 | Risk associations

Results of Cox regression analyses on serum albumin levels 
and cancer risk were shown in Table  2. Till 31 December 
2015, a total of 1482 new cancer cases occurred with a me-
dian follow- up duration of 4.69  years. After multivariable 
adjustment for potential confounders (age, gender, educa-
tion level, income, coal dust exposure, concentration of CRP, 
BMI, frequency of smoking, frequency of alcohol drinking, 
and HBsAg infection status), participants with higher serum 
albumin levels were at decreased cancer risk of 9%– 27%, 
compared with those whose serum albumin concentrations 

T A B L E  2  The association between serum albumin and cancer risk, Kailuan cohort

aAdjusted for age (10‐year interval) and gender.
bAdjusted for age (10−year interval), gender, education level (illiterate or primary school, junior high school, senior high school, and college and above), income status 
(<500 yuan per month, 500–1000 yuan per month, ≥1000 yuan per month), coal dust exposure status (non‐exposure, exposure), body mass index (BMI < 18.5, 
18.5 ≤ BMI < 25.0, 25.0 ≤ BMI < 30.0, BMI ≥ 30.0), C‐reactive protein (<0.5, 0.5–1.0, 1.1–2.5, >2.5, mg/L), frequency of smoking (non‐smoker, ex‐smoker, <1 cigarette per 
day, ≥ 1 cigarette per day), frequency of alcohol drinking (never drinker, ever drinker), HBsAg infection status (negative and positive).
cAnalysis after excluding participants diagnosed with cancer within 2 years since enrollment. The adjustments were the same as HRb. 
dOnly females were included for analysis of breast cancer.



4060 |   YANG et Al.

T
A

B
L

E
 3

 
H

az
ar

d 
ra

tio
s (

H
R

s)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s (
C

Is
) o

f c
an

ce
r r

is
k 

in
 re

la
tio

ns
hi

p 
to

 se
ru

m
 a

lb
um

in
 b

y 
ge

nd
er

, b
od

y 
m

as
s i

nd
ex

 (B
M

I)
, a

nd
 sm

ok
in

g 
st

at
us

, K
ai

lu
an

 c
oh

or
t

Se
ru

m
 a

lb
um

in
 (g

/L
)

G
en

de
r

BM
I

Sm
ok

in
g 

st
at

us

M
al

e
Fe

m
al

e
N

or
m

al
 w

ei
gh

t 
(B

M
I <

 2
5 

kg
/m

2 )
O

ve
rw

ei
gh

t 
(B

M
I ≥

 2
5 

kg
/m

2 )
N

on
- s

m
ok

er
Ev

er
 sm

ok
er

A
ll 

ca
nc

er
s

Q
ua

rti
le

 1
<

44
.6

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

Q
ua

rti
le

 2
44

.6
– 4

5.
9

0.
86

 (0
.7

2–
 1.

03
)

1.
08

 (0
.8

1–
 1.

44
)

0.
89

 (0
.7

2–
 1.

11
)

0.
94

 (0
.7

6–
 1.

17
)

0.
93

 (0
.7

7–
 1.

12
)

0.
89

 (0
.6

9–
 1.

16
)

Q
ua

rti
le

 3
46

.0
– 4

7.
9

0.
82

 (0
.7

0–
 0.

97
)

0.
80

 (0
.6

1–
 1.

06
)

0.
83

 (0
.6

8–
 1.

01
)

0.
78

 (0
.6

4–
 0.

96
)

0.
77

 (0
.6

5–
 0.

92
)

0.
86

 (0
.6

9–
 1.

08
)

Q
ua

rti
le

 4
≥

48
.0

0.
73

 (0
.6

1–
 0.

87
)

0.
85

 (0
.6

1 
−

1.
18

)
0.

74
 (0

.5
9–

 0.
92

)
0.

73
 (0

.5
8–

 0.
91

)
0.

75
 (0

.6
1–

 0.
91

)
0.

73
 (0

.5
6–

 0.
93

)
Lu

ng
 c

an
ce

r
Q

ua
rti

le
 1

<
44

.6
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
Q

ua
rti

le
 2

44
.6

– 4
5.

9
0.

76
 (0

.5
4–

 1.
07

)
1.

18
 (0

.5
6–

 2.
48

)
0.

72
 (0

.4
7–

 1.
09

)
0.

97
 (0

.6
2–

 1.
52

)
0.

82
 (0

.5
5–

 1.
24

)
0.

81
 (0

.5
1–

 1.
29

)
Q

ua
rti

le
 3

46
.0

– 4
7.

9
0.

70
 (0

.5
2–

 0.
95

)
0.

52
 (0

.2
2–

 1.
24

)
0.

63
 (0

.4
3–

 0.
93

)
0.

75
 (0

.4
9–

 1.
14

)
0.

51
 (0

.3
4–

 0.
77

)
0.

89
 (0

.6
0–

 1.
32

)
Q

ua
rti

le
 4

≥
48

.0
0.

69
 (0

.5
0–

 0.
96

)
0.

85
 (0

.3
4–

 2.
11

)
0.

60
 (0

.3
9–

 0.
92

)
0.

84
 (0

.5
4–

 1.
31

)
0.

71
 (0

.4
7–

 1.
08

)
0.

71
 (0

.4
5–

 1.
12

)
C

ol
or

ec
ta

l c
an

ce
r

Q
ua

rti
le

 1
<

44
.6

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

Q
ua

rti
le

 2
44

.6
– 4

5.
9

0.
74

 (0
.4

5–
 1.

21
)

1.
61

 (0
.6

2–
 4.

18
)

1.
16

 (0
.6

2–
 2.

18
)

0.
67

 (0
.3

7–
 1.

23
)

0.
78

 (0
.4

5–
 1.

33
)

1.
07

 (0
.5

2–
 2.

21
)

Q
ua

rti
le

 3
46

.0
– 4

7.
9

0.
86

 (0
.5

7–
 1.

31
)

1.
36

 (0
.5

5–
 3.

35
)

1.
28

 (0
.7

3–
 2.

23
)

0.
73

 (0
.4

4–
 1.

22
)

0.
94

 (0
.5

9–
 1.

48
)

0.
97

 (0
.5

0–
 1.

86
)

Q
ua

rti
le

 4
≥

48
.0

0.
40

 (0
.2

3–
 0.

69
)

0.
61

 (0
.1

6–
 2.

32
)

0.
78

 (0
.3

9–
 1.

53
)

0.
22

 (0
.1

0–
 0.

51
)

0.
39

 (0
.2

0–
 0.

76
)

0.
53

 (0
.2

3–
 1.

21
)

B
re

as
t c

an
ce

ra  
Q

ua
rti

le
 1

<
44

.6
N

.A
.

R
ef

R
ef

R
ef

R
ef

N
.A

.
Q

ua
rti

le
 2

44
.6

– 4
5.

9
N

.A
.

1.
37

 (0
.8

4–
 2.

25
)

2.
04

 (0
.8

8–
 4.

71
)

1.
14

 (0
.6

0–
 2.

15
)

1.
42

 (0
.8

6–
 2.

33
)

N
.A

.
Q

ua
rti

le
 3

46
.0

– 4
7.

9
N

.A
.

0.
80

 (0
.4

8–
 1.

34
)

1.
34

 (0
.5

8–
 3.

07
)

0.
57

 (0
.2

8–
 1.

16
)

0.
83

 (0
.4

9–
 1.

39
)

N
.A

.
Q

ua
rti

le
 4

≥
48

.0
N

.A
.

1.
34

 (0
.8

0–
 2.

25
)

1.
91

 (0
.8

1–
 4.

52
)

1.
13

 (0
.5

7–
 2.

22
)

1.
39

 (0
.8

2–
 2.

34
)

N
.A

.
Li

ve
r c

an
ce

r
Q

ua
rti

le
 1

<
44

.6
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
Q

ua
rti

le
 2

44
.6

– 4
5.

9
0.

47
 (0

.2
6–

 0.
87

)
1.

71
 (0

.3
4–

 8.
60

)
0.

45
 (0

.1
8–

 1.
11

)
0.

63
 (0

.3
1–

 1.
27

)
0.

64
 (0

.3
3–

 1.
27

)
0.

40
 (0

.1
5–

 1.
06

)
Q

ua
rti

le
 3

46
.0

– 4
7.

9
0.

44
 (0

.2
6–

 0.
75

)
0.

34
 (0

.0
4–

 3.
25

)
0.

44
 (0

.2
0–

 0.
97

)
0.

45
 (0

.2
3–

 0.
87

)
0.

36
 (0

.1
8–

 0.
75

)
0.

55
 (0

.2
7–

 1.
13

)
Q

ua
rti

le
 4

≥
48

.0
0.

58
 (0

.3
5–

 0.
95

)
0.

73
 (0

.0
7–

 7.
15

)
0.

53
 (0

.2
4–

 1.
15

)
0.

63
 (0

.3
3–

 1.
17

)
0.

52
 (0

.2
6–

 1.
02

)
0.

68
 (0

.3
4–

 1.
37

)
G

as
tri

c 
ca

nc
er

b  
Q

ua
rti

le
 1

<
44

.6
R

ef
N

.A
.

R
ef

R
ef

R
ef

R
ef

Q
ua

rti
le

 2
44

.6
– 4

5.
9

1.
20

 (0
.6

6–
 2.

18
)

N
.A

.
1.

06
 (0

.5
0–

 2.
23

)
1.

04
 (0

.4
7–

 2.
30

)
1.

22
 (0

.6
2–

 2.
40

)
0.

80
 (0

.3
2–

 2.
01

)
Q

ua
rti

le
 3

46
.0

– 4
7.

9
0.

91
 (0

.5
2–

 1.
62

)
N

.A
.

0.
85

 (0
.4

2–
 1.

71
)

0.
65

 (0
.2

9–
 1.

44
)

0.
62

 (0
.3

0–
 1.

29
)

0.
94

 (0
.4

4–
 2.

02
)

Q
ua

rti
le

 4
≥

48
.0

0.
78

 (0
.4

2–
 1.

47
)

N
.A

.
0.

57
 (0

.2
4–

 1.
34

)
0.

67
 (0

.2
9–

 1.
58

)
0.

76
 (0

.3
5–

 1.
63

)
0.

47
 (0

.1
8–

 1.
24

)

N
ot

e:
 A

dj
us

te
d 

fo
r a

ge
 (1

0-
 ye

ar
 in

te
rv

al
), 

ge
nd

er
, e

du
ca

tio
n 

le
ve

l (
ill

ite
ra

te
 o

r p
rim

ar
y 

sc
ho

ol
, j

un
io

r h
ig

h 
sc

ho
ol

, s
en

io
r h

ig
h 

sc
ho

ol
, a

nd
 c

ol
le

ge
 a

nd
 a

bo
ve

), 
in

co
m

e 
st

at
us

 (<
50

0 
yu

an
 p

er
 m

on
th

, 5
00

– 1
00

0 
yu

an
 p

er
 m

on
th

, 
≥

10
00

 y
ua

n 
pe

r m
on

th
), 

co
al

 d
us

t e
xp

os
ur

e 
st

at
us

 (n
on

- e
xp

os
ur

e,
 e

xp
os

ur
e)

, B
M

I (
B

M
I <

18
.5

, 1
8.

5 
≤

 B
M

I <
25

.0
, 2

5.
0 

≤
 B

M
I <

30
.0

, B
M

I ≥
30

.0
), 

C
- r

ea
ct

iv
e 

pr
ot

ei
n 

(<
0.

5,
 0

.5
– 1

.0
, 1

.1
– 2

.5
, >

2.
5,

 m
g/

L)
, f

re
qu

en
cy

 o
f s

m
ok

in
g 

(n
on

- s
m

ok
er

, e
x-

 sm
ok

er
, <

1 
ci

ga
re

tte
 p

er
 d

ay
, ≥

1 
ci

ga
re

tte
 p

er
 d

ay
), 

fr
eq

ue
nc

y 
of

 a
lc

oh
ol

 d
rin

ki
ng

 (n
ev

er
 d

rin
ke

r, 
ev

er
 d

rin
ke

r)
, H

B
sA

g 
in

fe
ct

io
n 

st
at

us
 (n

eg
at

iv
e 

an
d 

po
si

tiv
e)

. G
ro

up
in

g 
va

ria
bl

es
 w

er
e 

ex
cl

ud
ed

 fo
r e

ac
h 

su
bg

ro
up

.
a O

nl
y 

fe
m

al
es

 w
er

e 
in

cl
ud

ed
 fo

r a
na

ly
si

s o
f b

re
as

t c
an

ce
r. 

Fo
r f

em
al

e 
ev

er
 sm

ok
er

s, 
th

e 
an

al
ys

is
 w

as
 in

fe
as

ib
le

 d
ue

 to
 th

e 
lim

ita
tio

n 
of

 su
bj

ec
ts

’ n
um

be
r.

b Th
e 

an
al

ys
is

 o
f g

as
tri

c 
ca

nc
er

 ri
sk

 a
m

on
g 

fe
m

al
e 

w
as

 in
fe

as
ib

le
 d

ue
 to

 th
e 

lim
ita

tio
n 

of
 c

an
ce

r c
as

es
.



   | 4061YANG et Al.

were below 44.6  g/L (Q2 vs. Q1: HR 0.91, 95% CI 0.78– 
1.07; Q3 vs. Q1: HR 0.80, 95% CI 0.70– 0.92; Q4 vs. Q1: HR 
0.73, 95% CI 0.63– 0.85). With respect to cancers of specific 
types, albumin levels were significantly inversely associated 
with risks of lung cancer (Q2 vs. Q1: HR 0.82, 95% CI 0.60– 
1.12; Q3 vs. Q1: HR 0.68, 95% CI 0.51– 0.90; Q4 vs. Q1: 
HR 0.70, 95% CI 0.52– 0.95), colorectal cancer (Q2 vs. Q1: 
HR 0.87, 95% CI 0.57– 1.34; Q3 vs. Q1: HR 0.95, 95% CI 
0.65– 1.38; Q4 vs. Q1: HR 0.43, 95% CI 0.26– 0.72), and liver 
cancer (Q2 vs. Q1: HR 0.55, 95% CI 0.31– 0.95; Q3 vs. Q1: 
HR 0.44, 95% CI 0.26– 0.73; Q4 vs. Q1: HR 0.59, 95% CI 
0.36– 0.95). In the sensitivity analysis, higher albumin levels 
remained to be associated with decreased overall cancer risks 
(Q2 vs. Q1: HR 0.93, 95% CI 0.76– 1.13; Q3 vs. Q1: HR 0.83, 
95% CI 0.69– 0.99; Q4 vs. Q1: HR 0.75, 95% CI 0.61– 0.91), 
and significantly lower risk of liver cancer was found related 
to higher albumin levels (Q2 vs. Q1: HR 0.49, 95% CI 0.25– 
0.97; Q3 vs. Q1: HR 0.40, 95% CI 0.22– 0.74; Q4 vs. Q1: HR 
0.41, 95% CI 0.21– 0.78). However, no significant associa-
tions between albumin levels and risks of lung and colorectal 
cancer were observed after excluding participants who had 
new cancer diagnoses within 2 years since enrollment.

Subgroup analyses by gender, BMI, and smoking status 
were displayed in Table 3. The associations between albumin 
levels and cancer risks were not significant among females, 
while for males, inverse associations remained. In general, in-
dividuals with higher albumin levels were at decreased over-
all cancer risk among both the normal- weight and overweight 
population. However, for lung cancer risk, a significant inverse 
association was only observed among normal weight individ-
uals, while for risk of colorectal cancer, the inverse association 
was only significant among the overweight. Moreover, high 
levels of albumin were found to be associated with lung, col-
orectal, and liver cancer especially among non- smokers.

The RCS model showed a significant linear asso-
ciation between serum albumin concentrations and 
overall cancer risk among the subjects (p- overall < 0.0001, p- 
nonlinear = 0.3716). As the 50th quintile of albumin concen-
trations (46 g/L) was chosen to be the reference, the HRs of 
overall cancer risk related to albumin levels rise sharply when 
albumin levels were below 46 g/L. Concerning each cancer 
type, there was a linear association between albumin and liver 
cancer risk (p- overall = 0.0002, p- nonlinear = 0.1807), and 
a slightly significant association was also observed for lung 
cancer (p- overall = 0.0456, p- nonlinear = 0.2113) (Figure 1).

4 |  DISCUSSION

Based on a large prospective cohort study, this analysis dis-
played the associations between pre- diagnostic serum al-
bumin and cancer risks. After controlling for pertinent risk 
factors, results suggested that serum albumin was inversely 

associated with overall cancer risk with a significant linear as-
sociation. When analyzed by cancer type, the association be-
tween albumin and overall cancer risk was mainly attributed 
to lung, colorectal and especially, liver cancer. Moreover, a 
significant inverse linear relationship was observed between 
serum albumin concentration and liver cancer risk.

Our findings suggested that pre- diagnostic albumin lev-
els were inversely associated with overall cancer risk. This 
inverse association was in line with a recent study based on 
a UK database of adult primary care patients.21 Additionally, 
we observed a significant linear relationship between serum 
albumin concentrations and cancer risk. Referred to the me-
dian of albumin concentrations, HRs of overall cancer risk 
increased sharply when albumin concentrations were below 
46 g/L.

For decades, it has been confirmed that albumin was asso-
ciated with the overall mortality,6,8 and especially the prognosis 
of cancer,7,9– 16 whereas only a few studies were conducted con-
cerning cancer risk. Hypotheses for decreased albumin concen-
tration with increased cancer risk raised by the previous study 
were varied from malnutrition, increased albumin consumption 
due to the expression of cancer cells, to antioxidant properties 
and inhibition of albumin synthesis caused by systemic inflam-
mation. First, albumin is one of the various inflammation- related 
markers. In previous studies, pooled analyses of inflammation- 
related markers including the ratio of albumin to globulin,37 
C- reactive protein to albumin,38 albumin- to- alkaline phospha-
tase,39 and albumin to fibrinogen40 were conducted concerning 
cancer prognosis. For these indexes, the prognostic value of 
clinical significance has already been proved. Considering that 
serum albumin is a negative acute- phase protein, inflammation 
could suppress albumin synthesis and lead to low albumin con-
centrations. A longitudinal study has observed decreased albu-
min in women with early- stage ovarian cancer from a mean of 
51.3– 40.9 g/L (p < 0.001).41 Though few studies explained the 
mechanism of the influence of serum albumin on cancer risk and 
mortality, a previous study conducted among dialysis patients 
suggested that the influence of serum albumin on mortality was 
partly explained by the inflammatory pathway.42 Besides, albu-
min is supposed to be an important extracellular antioxidant.18 
In animal experiments, serum albumin was shown to be protec-
tive through reducing arterial reactivity in endotoxemia as an an-
tioxidant and improving the anti- inflammatory effect. However, 
no further research explored the mechanism of albumin in re-
lation to cancer in the human body. Two previous studies have 
explored the association between cancer risk, mortality, and 
metabolic markers including albumin, bilirubin, and uric acid, 
which were all considered as non- nutrient antioxidants of phys-
iologic importance. A nested case- control study showed that the 
risk of colon cancer increased from the highest to the lowest 
quartiles of serum albumin (ptrend = 0.05) whereas no statisti-
cally significant dose- response trend was observed for bilirubin 
or uric acid.22 Another cohort study also reported that albumin 
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F I G U R E  1  Cubic spline graph of the adjusted HR (represented by solid line) and 95% CI (represented by the dotted lines) for the association 
between serum albumin and risk of primary cancer in Kailuan cohort, 2006– 2013. (A) All cancers, (B) lung cancer, (C) colorectal cancer, (D) 
liver cancer, (E) gastric cancer, (F) breast cancer. Knots: 42, 44.6,46, 48 and 51.5 (95th) of the distribution of serum albumin concentration (g/L); 
Reference: 46 g/L, 50th of the distribution of serum albumin concentration. Analyses are adjusted for age 10−yearinterval, gender, education level 
(illiterate or primary school, junior high school, senior high school, and college and above), income status (<500 yuan per month, 500– 1000 yuan 
per month, ≥1000 yuan per month), coal dust exposure status (non- exposure, exposure), BMI (BMI <18.5, 18.5 ≤ BMI <25.0, 25.0 ≤ BMI <30.0, 
BMI ≥30.0), C- reactive protein (<0.5, 0.5– 1.0, 1.1– 2.5, >2.5, mg/ L), smoking status (never, quit, <1 cigarette per day, ≥1 cigarette per day), 
alcohol drinking status (never, ever) and HBV infection status (HBsAg negative, HBsAg positive). BMI, body mass index; HBV, hepatitis B virus
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and uric acid levels were associated with breast cancer risk. The 
theory of extracellular antioxidants was still insufficient and re-
quired further exploration. Moreover, cancer is recognized as a 
kind of consumptive disease with clinical symptoms including 
weight loss in the late stages. It was supposed that a lower level 
of serum albumin associated with higher cancer risk may indi-
cate the influence on nutrition intake before cancer diagnoses. 
However, there was no prior hypothesis concerning nutrition 
intake and cancer risk and this just remains as a supposition.

With respect to liver cancer risk, we observed an inverse asso-
ciation with albumin levels, and after excluding participants who 
were diagnosed with cancer within 2 years since enrollment, a 
more significant association was observed. Significant linear 
associations were also suggested by the RCS model for liver 
cancer. Though there was no previous research exploring the as-
sociation between albumin and liver cancer risk, it has been con-
firmed that albumin was produced by hepatocytes and abnormal 
albumin levels were in relation to hepatic dysfunction.43,44

For colorectal cancer, we observed an inverse association 
between pre- diagnostic albumin levels and colorectal cancer 
risk, which was consistent with the results of several previ-
ous studies.22,23,45 Nevertheless, there were also two studies 
reporting nonsignificant associations between albumin and 
colon cancer risk.25,26 Albumin was suggested to play a role 
in the resistance of the gastrointestinal mucosal membrane 
to lipid peroxidation.46 Therefore, it is believed that albumin 
is closely related to the development of gastrointestinal can-
cer and many studies focused on its association with risks 
of gastrointestinal cancer, especially colon cancer.22,23,25,26 
Furthermore, a previous study showed that hypoalbuminemia 
in patients with colorectal cancer reflects both increased nu-
tritional risk and greater systemic inflammatory response.47

For lung cancer, the inverse association was observed be-
tween lung cancer risk and albumin concentrations. However, 
the inverse association converted to nonsignificant after ex-
cluding participants who had cancer diagnoses within 2 years 
since recruitment. Besides, there was also a cohort study report-
ing nonsignificant results between albumin and lung cancer.29 
Though the physiological and functional properties of the lung 
have little to do with albumin, the association between albu-
min and lung cancer risk may reflect systemic inflammation. 
However, the inverse association between lung cancer risk and 
serum albumin was novel and should be interpreted cautiously.

In our analysis, nonsignificant associations were observed 
for cancer subtypes including gastric and breast cancer, which 
might be related to the limited number of cancer cases and low 
proportion of females in the study population. The lack of as-
sociation between breast cancer risk and albumin in our study 
was consistent with findings of the AMORIS study,27 whereas a 
recent cohort study reported a weak inverse relationship,24 with 
the HRs being 0.71 (95% CI 0.51– 0.99) for participants in the 
highest albumin quartile. However, there was no previous study 
reporting the association related to gastric cancer.

Taken together, the positive results in our analysis could 
only indicate the association between serum albumin and 
cancer risk. Lack of research on the basic biological mech-
anism, these results should be interpreted with caution and 
further evidence on biological mechanism was required.

Since gender, smoking status, and BMI were suggested to 
be closely associated with cancer risk,2 we further conducted 
subgroup analyses by these factors. Significant inverse as-
sociations were observed especially for the non- smokers and 
males. Concerning lung cancer risk, an inverse association was 
observed among normal- weight individuals, whereas for col-
orectal cancer, a significant association was observed among 
the overweight. As suggested in studies on BMI and cancer 
risk, obesity was suggested as a risk factor of colorectal can-
cer,48 whereas a protective effect was indicated for lung cancer.5 
Taken together, our findings were consistent with the signifi-
cant association between obesity and cancer risks. As the estab-
lished risk factors played a leading role in the development of 
cancer, the effect of albumin was still significant.

The present study had several limitations. First, the fol-
low- up time in the cohort was 4.69 years, which was relatively 
short to identify new cancer cases. An evaluation of weaker 
associations, for example, between albumin levels and gastric 
cancer risk was precluded due to low case numbers. Besides, 
analyses by cancer types and subgroups were also restricted. 
Second, it is known that blood biochemistry markers would 
undergo successive changes individually over time. However, 
with limited follow- up duration, the albumin concentration 
used in this analysis was at one single time point, and changes 
of cancer risk along with albumin concentrations were not ana-
lyzed. Third, most participants enrolled in this study were base-
line healthy subjects, and the albumin concentrations mainly 
ranged between 35 and 50 g/L. Hypoproteinemia was unable to 
be analyzed separately with only 0.20% (167/82061) of albu-
min concentrations below 35 g/L. Fourth, since the proportion 
of females in this study was less than 25%, these results were 
limited when interpreting associations for females. Last but not 
the least, though our study added to evidence that albumin was 
significantly associated with total cancer risk as well as risks 
of lung, colorectal, and liver cancer, the biological plausibility 
was still moderate and the clinical significance remains to be 
elucidated. The positive results with serum albumin were novel 
and should be interpreted cautiously.

On the other hand, this study had strengths over previous 
studies. This analysis was based on a population- based co-
hort with well- organized follow- up. Adjustment for potential 
confounders was comprehensively performed including ad-
justment for C- reactive protein, which helped when explor-
ing weak associations. It is noteworthy that this study first 
conducted RCS analysis to analyze the nonlinear relationship 
between pre- diagnostic serum albumin and cancer risk.

In conclusion, our findings suggest that pre- diagnostic 
serum albumin is inversely and linearly associated with cancer 
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risk among the Chinese population. And the significant asso-
ciation between albumin and overall cancer risk is mainly at-
tributed to lung, colorectal and especially, liver cancer. This 
study provides evidence that albumin may be valuable to the 
prediction and stratification of cancer risk in the general popu-
lation. Since albumin concentration is widely used in physical 
examination, this marker is easy to obtain and well accepted by 
the population. When combined with other detection indexes, 
it becomes an indicator of both feasibility and considerable 
economic value before the invasive examination. Nevertheless, 
the biological mechanism and clinical significance remain to 
be elucidated. Population studies with longer follow- up time as 
well as experimental studies are further required.
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