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Abstract

Objectives Pre-clinical studies have shown that iron can
be carcinogenic, but few population-based studies investi-
gated the association between markers of the iron metab-
olism and risk of cancer while taking into account
inflammation. We assessed the link between serum iron
(SD), total-iron binding capacity (TIBC), and risk of cancer
by levels of C-reactive protein (CRP) in a large population-
based study (n = 220,642).

Methods From the Swedish Apolipoprotein Mortality
Risk (AMORIS) study, we selected all participants
(>20 years old) with baseline measurements of serum SI,
TIBC, and CRP. Multivariate Cox proportional hazards
regression was carried out for standardized and quartile
values of SI and TIBC. Similar analyses were performed
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for specific cancers (pancreatic, colon, liver, respiratory,
kidney, prostate, stomach, and breast cancer). To avoid
reverse causation, we excluded those with follow-up
<3 years.

Results We found a positive association between stan-
dardized TIBC and overall cancer [HR 1.03 (95 % CI
1.01-1.05)]. No statistically significant association was
found between SI and cancer risk except for postmeno-
pausal breast cancer [HR for standardized SI 1.09 (95 % CI
1.02-1.15)]. The association between TIBC and specific
cancer was only statistically significant for colon cancer
[i.e., HR for standardized TIBC: 1.17 (95 % CI
1.08-1.28)]. A borderline interaction between SI and levels
of CRP was observed only in stomach cancer.
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Conclusions As opposed to pre-clinical findings for
serum iron and cancer, this population-based epidemio-
logical study showed an inverse relation between iron
metabolism and cancer risk. Minimal role of inflammatory
markers observed warrants further study focusing on
developments of specific cancers.

Keywords Cancer - C-reactive protein - Iron -
Iron-binding capacity - Sweden

Introduction

Pre-clinical studies have illustrated several carcinogenic
properties of the iron metabolism. Excess iron yields
hydroxyl radicals, which may cause conformational chan-
ges in the nuclear and cytoplasm membranes and results in
activation of oncogenes [1, 2]. Moreover, iron can sustain
the growth of neoplastic cells by suppressing host defences
or inflammation [2]. In addition, iron functions as a vital
nutrient for unlimited cell multiplication and is required for
the unlimited and unrestricted proliferation of cells [2].
Several studies have reported that there is no correlation
between dietary iron intake and risk of different types of
cancer including pancreatic, breast, endometrial, and colo-
rectal [3, 4]. Additionally, fewer studies assessed serum levels
of markers of the iron metabolism. One study, a nested case—
control study in the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial, prospectively evaluated dietary
intake and serum measures of iron, ferritin, transferrin, and
total iron-binding capacity (TIBC) in relation to colorectal
cancer (n = 356). They found a positive association with red
meat intake, an inverse association with serum TIBC, but no
association with the other serum markers [5]. In contrast, a
study of over 6,000 US adults by Wu et al. [6] determined that
people with higher levels of serum iron had an increased risk
of dying from cancer. Other studies have found no correlation
between serum iron and cancer [7], but none of these studies
took the inflammatory state of the patient into consideration.
Inflammation is thought to be one of the underlying
mechanisms linking iron metabolism and carcinogenesis as
iron is involved in both processes. For instance, Kooistra
et al. [8] showed that the absorption of iron from the gut was
impaired in patients with elevated levels of C-reactive pro-
tein (CRP), which in turn has been positively linked with risk
of cancer [9]. Moreover, it is important to note that the
relationship between serum iron and TIBC can vary
depending on the status of the individual. For example, in
iron deficient anaemia, TIBC is high and serum iron is low.
However, under conditions of inflammation—leading to
anaemia of chronic disease (ACD)—the influence of hep-
cidin results in low serum iron due to iron being bound
intracellularly with ferritin, and this is concomitant with low
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TIBC due to decreased synthesis of transferrin [10]. This
results in a positive correlation between SI and TIBC.

To improve our understanding of iron metabolism in the
context of carcinogenesis and inflammation, we examined
possible associations between serum iron (SI), TIBC, CRP,
and cancer risk in a prospective cohort study of 220,642
persons of whom 9,269 were diagnosed with cancer.

Methods
Study population and data collection

The Central Automation Laboratory (CALAB) database
(1985-1996) includes laboratory measurements obtained
from 351,487 men and 338,101 women, mainly from the
greater Stockholm area (Sweden). All individuals were
either healthy individuals referred for clinical laboratory
testing as part of a general health check-up or outpatients
referred for laboratory testing. No individuals were inpa-
tients at the time their blood samples were taken, and none
were excluded due to disease symptoms or because of
treatment. Apart from the information on blood testing, no
personal data were included in the CALAB database [11].
This database was linked to several Swedish national regis-
tries such as the National Cancer Register, the Hospital
Discharge Register, the Cause of Death Register, the con-
secutive Swedish Censuses during 1970-1990, and the
National Register of Emigration by using the Swedish
10-digit personal identity number to provide information on
socio-economic status (SES), vital status, cancer diagnosis,
and emigration. This linkage of national registers to the
CALAB database is called AMORIS and has been described
in detail elsewhere [11-17]. This study complied with the
Declaration of Helsinki, and the ethics review board of the
Karolinska Institute approved the study.

We selected all participants aged 20 or older with baseline
measurements of SI, TIBC, and CRP (n = 220,642) who were
free from cancer at baseline and were not diagnosed with cancer
or died within 3 years after baseline. Follow-up time was
defined as time from iron measurement until date of cancer
diagnosis, emigration, death, or study closing date (31st of
December 2002), whichever occurred first. The CALAB
database also contained information on age and fasting status at
time of blood sampling. All other information was retrieved
from the above-listed national registries. SES is based on
occupational status and categorizes gainfully employed sub-
jects into manual and non-manual employees, as well as blue
and white-collar workers [18]. History of hospitalization for
lung disease was obtained from the National Patient Register
and was used as a proxy for smoking.

Serum iron was measured via acidification with citric
acid in order to dissociate the Fe3™ transferring complex
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(coefficient of variation <5 %), whereas TIBC (which
indicates the maximum amount of iron required to saturate
SI transport protein) was assessed by adding Fe*" to the
serum. Both markers were assessed with a DAX 96,
Technicon Instruments Corporation, Tarrytown, NY, USA,
1993-1996. The quantitative determination of CRP was
done with an established turbidimetric assay (reagents from
Orion Diagnostics, Finland) using fully automated multi-
channel analyzers (an AutoChemist-PRISMA, New Clini-
con, Stockholm, Sweden, 1985-1992) and DAX 96,
Technicon Instruments Corporation, Tarrytown, NY, USA,
1993-1996 (coefficient of variation: 12 % at CRP level
40 mg/L). It was not possible to study high-sensitive (hs)
CRP because at time of blood sampling and analysis
(1985-1996), assay methods for plasma proteins had lim-
ited sensitivity, so that CRP concentrations <10 mg/L
could not be measured precisely (i.e., non-hsCRP). How-
ever, the cut-off of 10 mg/L is widely accepted as the
upper limit of the health-associated reference range
[19-21]. All methods were fully automated with automatic
calibration and accredited laboratory facilities [12].

To assess the effect of small changes in SI and TIBC
levels, we calculated standardized values of calcium (i.e.,
dividing by the standard deviation) using its standard

deviation (SD) as a unit when performing statistical mod-
els. Moreover, levels of SI and TIBC calcium were cate-
gorized into quartiles, based on the entire study population.

Statistical analysis

Pearson’s correlation coefficients were calculated to
quantify the association between SI, TIBC, and CRP. To
evaluate the association between SI, TIBC, and risk of
incident cancer, multivariate hazard ratios were calculated
for this risk of cancer by both standardized values and
quartiles. A test for trend was conducted by using assign-
ment to quartiles as an ordinal scale. All Cox proportional
hazards models took into account potential confounding
factors including age as a continuous variable, gender,
SES, history of lung disease, and continuous CRP. Models
for SI were also adjusted for TIBC and vice versa. Addi-
tionally, we performed stratified analyses by levels of CRP
(<10 and >10 mg/L) to identify how inflammation affects
the association between iron and cancer risk. A test for
interaction was performed by adding the product of stan-
dardized serum iron and levels of CRP (<10 and >10 mg/L),
and the product of standardized serum iron and serum
TIBC.

Table 1 Baseline
characteristics of study

No cancer (n = 211,373) Cancer (n = 9,269)

population Age (years) [mean (SD)]

Sex [n (%)]
Male
Female

SES [n (%)]

42.29 (13.78) 54.63 (12.19)

110,079 (52.08) (52.15)
101,294 (47.92)

4,768 (51.44) (50.82)
4,501 (48.56) (49.18)

White collar
Blue collar
Not gainfully employed or missing
Follow-up time (years) [mean (SD)]
Serum Iron (umol/L) [mean (SD)]
Ql: <14
Q2: 14-18
Q3: 18-22
Q4: =22
Total iron-binding capacity (umol/L) [mean (SD)]
Ql: <54
Q2: 54-59
Q3: 59-65
Q4: >65
CRP (mg/L) [mean (SD)]
<10
>10
History of lung disease [n (%)]

76,076 (35.99)
97,298 (46.03)
37,999 (17.98)
10.68 (2.97)
18.36 (5.91)
40,647 (19.23)
59,419 (28.11)
56,505 (26.73)
54,803 (25.93)
60.02 (8.09)
45,368 (21.46)
50,900 (24.08)
58,540 (27.70)
56,565 (26.76)
5.75 (15.85)

183,042 (86.1150)

28,331 (13.40)
15,439 (7.30)

3,711 (40.04)
4,132 (44.58)
1,426 (15.38)
8.05 (3.14)
17.96 (5.55)
1,855 (20.01)
2,718 (29.32)
2,600 (28.05)
2,096 (22.61)
59.38 (7.74)
2,121 (22.88)
2,349 (25.34)
2,567 (27.69)
2,232 (24.08)
6.77 (22.49)
7,428 (80.14)
1,841 (19.86)
571 (6.16)
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Table 2 Hazard ratios and 95 % confidence intervals for the risk of
overall cancer for quartiles and standardized values of SI and TIBC

Hazard ratio (95 % CI)

Standardized SI (umol/L)* SD = 5.91
Quartiles of SI (umol/L)*

<l4

14-18

18-22

>22
p value for trend
Standardized TIBC (umol/L)b SD = 8.10
Quartiles of TIBC (umol/L)b

<54

54-59

59-65

>65
p value for trend
CRP <10 mg/L (n = 195,546)
Standardized SI (umol/L)* SD = 5.91
Quartiles of SI (umol/L)*

<15

15-18

18-22

>22
p value for trend
Standardized TIBC (umol/L)® SD = 8.10
Quartiles of TIBC (umol/L)°

<54

54-60

60-65

>65
p value for trend
CRP >10 mg/L (n = 31,527)
Standardized SI (umol/L)* SD = 5.91
Quartiles of SI (umol/L)*

<l4

14-18

18-22

>22
p value for trend
Standardized TIBC (umol/L)b SD = 8.10
Quartiles of TIBC (umol/L)b

<54

54-60

59-65

>65
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

1.00 (0.97-1.02)

1.00 (ref)

0.91 (0.86-0.96)
0.95 (0.89-1.00)
0.96 (0.90-1.02)
0.55

1.05 (1.03-1.07)

1.00 (Ref)

1.01 (0.96-1.08)

1.05 (0.99-1.11)

1.15 (1.08-1.22)
<0.0001

1.00 (0.97-1.02)

1.00 (Ref)

0.90 (0.84-0.96)
0.93 (0.87-1.00)
0.95 (0.89-1.03)
0.58

1.05 (1.02-1.07)

1.00 (Ref)

1.03 (0.96-1.10)
1.04 (0.97-1.10)
1.15 (1.07-1.23)
0.0001

1.00 (0.95-1.05)

1.00 (Ref)

0.93 (0.82-1.05)
1.01 (0.89-1.14)
0.96 (0.84-1.10)
0.91

1.06 (1.00-1.11)

1.00 (Ref)

0.97 (0.85-1.10)
1.09 (0.96-1.24)
1.16 (1.00-1.33)
0.01

0.08

0.42

All models were adjusted for age, sex, SES, CRP, and history of lung disease
# Also adjusted for TIBC as a continuous variable

® Also adjusted for SI as a continuous variable
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The above-mentioned analyses were then repeated for
specific types of cancer: pancreatic, colon, liver, respira-
tory, kidney, prostate, stomach, and breast. These cancers
were chosen based on the current pre-clinical findings for
an association between the iron metabolism and carcino-
genesis [12]. Risk of breast cancer was analysed for pre-
and post-menopausal women separately by using age as a
proxy for menopausal status. This stratification was per-
formed as pre-menopausal women are known to have lower
iron levels [22]. In the analysis of pre-menopausal women,
individuals were followed to age 50 after which they were
censored [23]. In the assessment of post-menopausal risk,
individuals with a baseline measurement taken before age
50 entered the study at age 50 by means of delayed entry.
All analyses were performed with Statistical Analysis
Systems (SAS) release 9.3 (SAS Institute, Cary, NC, USA).

Results

A total of 9,269 persons developed cancer during mean
follow-up of 10.57 years. Table 1 shows the baseline
characteristics of the study population by cancer status. The
Pearson’s correlation between SI and TIBC was —0.04
(»p < 0.001). The Pearson’s correlation between SI and
CRP was —0.06 (p < 0.001) and —0.03 between TIBC and
CRP (p < 0.001). Both SI and TIBC were normally dis-
tributed in the study population.

Multivariate Cox proportional hazard ratios for incident
cancer and SI and TIBC are shown in Table 2. A positive
association was found between standardized values of
TIBC and cancer risk [HR per SD of TIBC 1.05 (95 % CI
1.03-1.07)], which was also seen when using quartiles (i.e.,
HR for 2nd, 3rd and 4th quartile versus 1st quartile: 1.01
95 % CI 0.96-1.08); 1.05 (0.99-1.11); and 1.15
(1.08-1.22), respectively, p value for trend <0.0001). No
statistically significant association was found between SI
and cancer risk. Similar findings were found after stratifi-
cation by CRP levels, although the link between TIBC and
cancer risk became weaker among those with CRP
>10 mg/L. We observed no statistically significant inter-
action between SI and TIBC and between SI and CRP
levels (Pinteraction 0-08 and 0.42, respectively) (Table 2).

Finally, we performed the above analyses for specific
types of cancer (Table 3). The above pattern was also
observed for colon cancer (i.e., HR per SD of TIBC 1.17
(95 % CI 1.08-1.28)) as well as pancreatic, respiratory,
liver, kidney, prostate, stomach, and premenopausal breast
cancer—although most findings were not statistically sig-
nificant. Interestingly, a positive relation between SI and
cancer risk was observed postmenopausal breast cancer
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Table 3 Hazard ratios and 95 % confidence intervals for the risk of specific types of cancer for quartiles, and standardized values of SI levels

and TIBC
n (%) Hazard ratio (95 % CI) Hazard ratio (95 % CI)
No cancer Cancer Overall CRP <10 mg/L CRP >10 mg/L
Pancreatic cancer 220,445 197 n cancer = 157 n cancer = 40
Standardized ST (umol/L) SD = 5.91 1.03 (0.89-1.20) 0.97 (0.82-1.16)  1.34 (0.98-1.83)
Quartiles of SI (umol/L)*
<14 42,463 (19.25) 39 (19.80)  1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
14-18 62,081 (28.16) 56 (28.43)  0.90 (0.60-1.36) 0.91 (0.57-1.44)  0.88 (0.34-2.28)
18-22 59,045 (26.78) 60 (30.46) 1.07 (0.71-1.60) 0.93 (0.58-1.48)  1.90 (0.82-4.37)
>22 56,856 (25.79) 42 (21.32)  0.98 (0.63-1.52) 0.92 (0.56-1.52)  1.44 (0.55-3.82)
p value for trend 0.81 0.82 0.17
Standardized TIBC (umol/L) SD = 8.10 1.12 (0.97-1.30) 1.19 (1.01-1.39)  0.84 (0.58-1.23)
Quartiles of TIBC (umol/L)b
<42 47,446 (21.52) 43 (21.83) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
42-54 53,204 (24.13) 45 (22.84)  0.98 (0.64-1.49) 0.79 (0.48-1.32)  1.48 (0.67-3.24)
54-67 61,049 (27.69) 58 (29.44) 1.21 (0.82-1.80) 1.37 (0.89-2.13)  0.62 (0.23-2.33)
>67 58,746 (26.65) 51 (25.89) 1.36 (0.91-2.06) 1.48 (0.94-2.33)  0.84 (0.30-2.33)
p value for trend 0.08 0.02 0.32
p for interaction for SI and TIBC 0.91
p for interaction for SI and CRP levels 0.42
Colon cancer 220,066 576 n cancer = 459 n cancer = 117
Standardized SI (umol/L) SD = 5.73 0.94 (0.86-1.32) 0.91 (0.81-1.01) 1.05 (0.87-1.27)
Quartiles of SI (umol/L)?*
<14 42,379 (19.26) 123 (21.35) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
14-18 61,969 (28.16) 168 (29.17) 0.84 (0.66-1.06) 0.77 (0.59-1.00) 1.08 (0.64-1.82)
18-22 58,933 (26.78) 172 (29.86) 0.93 (0.74-1.18) 0.86 (0.66-1.12) 1.17 (0.69-1.98)
>22 56,785 (25.80) 113 (19.62) 0.79 (0.61-1.02) 0.69 (0.51-0.92) 1.25 (0.72-2.16)
p value for trend 0.20 0.05 0.39
Standardized TIBC (umol/L) SD = 0.11 1.17 (1.08-1.28) 1.16 (1.05-1.27) 1.21 (0.98-1.49)
Quartiles of TIBC (umol/L)b
<42 47,359 (21.52) 130 (22.57) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
42-54 53,119 (24.14) 130 (22.57) 0.95 (0.74-1.21) 0.96 (0.73-1.26) 0.88 (0.52-1.50)
54-67 60,946 (27.69) 161 (27.95) 1.14 (0.91-1.44) 1.11 (0.85-1.44) 1.22 (0.74-2.01)
>67 58,642 (26.65) 155 (26.91) 1.45 (1.15-1.84) 1.41 (1.09-1.84) 1.52 (0.88-2.60)
p value for trend 0.0006 0.005 0.08
p for interaction for SI and TIBC 0.36
p for interaction for SI and CRP levels 0.53
Liver cancer 220,503 139 n cancer = 139 n cancer = 24
Standardized SI (umol/L) SD = 5.73 1.24 (1.05-1.47) 1.25 (1.03-1.51) 1.32 (0.90-1.94)
Quartiles of SI (umol/L)?*
<14 42,480 (19.27) 22 (15.83) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
14-18 62,092 (28.16) 45 (32.37) 1.23 (0.74-1.06) 1.33 (0.74-2.39) 1.16 (0.39-3.49)
18-22 590,675 (26.79) 40 (28.78) 1.20 (0.71-2.02) 1.33 (0.73-2.41) 0.95 (0.29-3.17)
>22 568,676 (25.79) 32 (23.02) 1.23 (0.71-2.14) 1.28 (0.69-2.41) 1.51 (0.47-4.82)
p value for trend 0.56 0.53 0.60
Standardized TIBC (umol/L) SD = 0.11 1.04 (0.87-1.25) 1.11 (0.92-1.35) 0.72 (0.44-1.17)
Quartiles of TIBC (umol/L)b
<42 47,458 (21.52) 31 (22.30) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
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Table 3 continued

Liver cancer

220,503

139

n cancer = 139

n cancer = 24

42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

53,213 (24.12)
61,068 (27.69)
58,764 (26.65)

36 (25.90)
39 (28.06)
33 (23.74)

1.08 (0.67-1.75)
1.12 (0.70-1.80)
1.23 (0.75-2.01)
0.42

1.09 (0.64-1.87)
1.00 (0.58-1.72)
1.47 (0.87-2.48)
0.21
0.85
0.86

1.08 (0.36-3.23)
1.62 (0.59-4.44)
N/A
0.41

Respiratory cancer

219,947

695

n cancer = 548

n cancer = 147

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)?*
<14
14-18
18-22
>22
p value for trend
Standardized TIBC (pmol/L) SD = 0.11
Quartiles of TIBC (umol/L)b
<42
42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

42,360 (19.26)
61,950 (28.17)
58,923 (26.79)
56,716 (25.79)

47,324 (21.52)
53,083 (24.13)
60,900 (27.69)
58,640 (22.59)

142 (20.43)
187 (26.91)
184 (26.47)
182 (26.19)

244 (25.66)
231 (24.29)
274 (28.81)
202 (21.24)

1.03 (0.95-1.12)

1.00 (Ref)

0.80 (0.64—1.00)
0.84 (0.68-1.05)
1.04 (0.84-1.30)
0.44

1.02 (0.94-1.10)

1.00 (Ref)

0.93 (0.75-1.16)
1.10 (0.90-1.36)
1.07 (0.86-1.34)
0.27

1.04 (0.95-1.14)

1.00 (Ref)

0.85 (0.66-1.09)
0.87 (0.67-1.12)
1.07 (0.82-1.38)
0.44

0.99 (0.90-1.08)

1.00 (Ref)

0.97 (0.77-1.24)
1.09 (0.87-1.38)
0.99 (0.77-1.28)
0.76

0.003

0.31

0.99 (0.84-1.17)

1.00 (Ref)

0.64 (0.40-1.02)
0.80 (0.51-1.26)
1.00 (0.64—1.56)
0.82

1.17 (0.97-1.40)

1.00 (Ref)

0.79 (0.49-1.29)
1.17 (0.75-1.81)
1.49 (0.93-2.39)
0.04

Kidney cancer

220,442

200

n cancer = 155

n cancer = 45

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)?*
<14
14-18
18-22
>22
p value for trend
Standardized TIBC (pmol/L) SD = 0.11
Quartiles of TIBC (umol/L)b
<42
42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

42,474 (19.27)
62,058 (28.15)
59,059 (26.79)
56,852 (25.79)

47,442 (21.52)
53,204 (24.14)
61,052 (27.70)
58,744 (26.65)

28 (14.00)
79 (39.50)
46 (23.00)
47 (23.50)

47 (23.50)
45 (22.50)
55 (27.50)
53 (26.50)

1.01 (0.87-1.17)

1.00 (Ref)
1.73 (1.12-2.67)
1.07 (0.67-1.72)
1.34 (0.84-2.15)
0.99

1.07 (0.92-1.24)

1.00 (Ref)

0.90 (0.59-1.35)
1.04 (0.70-1.53)
1.27 (0.86-189)
0.18

1.03(0.87-1.23)

1.00 (Ref)
1.77 (1.06-2.30)
1.17 (0.67-2.03)
1.40 (0.80-2.45)
0.91

1.04 (0.88-1.23)

1.00 (Ref)

0.93 (0.58-1.49)
1.11 (0.71-1.73)
1.18 (0.74-1.86)
0.36

0.74

0.31

0.94(0.69-1.28)

1.00 (Ref)
1.70 (0.76-3.80)
0.82 (0.31-2.17)
1.21 (0.49-3.02)
0.81

1.22 (0.88-1.69)

1.00 (Ref)

0.80 (0.34-1.85)
0.81 (0.35-1.90)
1.80 (0.81-4.00)
0.21

Prostate cancer®

113,342

1,505

n cancer = 1,201

n cancer = 304

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)?

<14

14-18

18-22

16,502 (14.56)
31,712 (27.98)
32,906 (29.03)

231 (15.35)
441 (29.30)
462 (30.70)

1.00 (0.95-1.06)

1.00 (Ref)
0.99 (0.84—1.16)
1.02 (0.87-1.19)

1.01 (0.95-1.08)

1.00 (Ref)
0.98 (0.82-1.18)
1.01 (0.84-1.21)

0.98(0.87-1.10)

1.00 (Ref)
0.99 (0.71-1.36)
1.05 (0.76-1.44)
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Table 3 continued

Prostate cancer®

113,342

1,505

n cancer = 1,201

n cancer = 304

>22
p value for trend
Standardized TIBC (umol/L) SD = 0.11
Quartiles of TIBC (umol/L)h
<42
42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

32,222 (28.43)

27,159 (23.96)
29,897 (26.38)
32,328 (28.52)
23,958 (21.14)

371 (24.65)

388 (25.78)
417 (27.71)
411 (27.31)
289 (19.20)

0.99 (0.84-1.17)
0.55
1.05 (0.99-1.11)

1.00 (Ref)
1.06 (0.92-1.21)
1.08 (0.94-1.24)
1.15 (0.99-1.34)
0.08

1.02 (0.84-1.23)
0.71
1.05 (0.99-1.12)

1.00 (Ref)
1.07 (0.91-1.25)
1.12 (0.96-1.31)
1.17 (0.96-1.39)
0.06
0.84
0.80

0.85 (0.60-1.20)
0.47
0.96 (0.87-1.07)

1.00 (Ref)
1.02 (0.76-1.37)
0.95 (0.70-1.29)
1.08 (0.75-1.55)
0.91

Stomach

220,466

176

n cancer = 144

n cancer = 32

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)*
<14
14-18
18-22
>22
p value for trend
Standardized TIBC (pmol/L) SD = 0.11
Quartiles of TIBC (umol/L)b
<42
42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

42,469 (19.26)
62,085 (28.16)
59,063 (26.79)
56,849 (25.79)

47,451 (21.52)
53,207 (24.13)
61,059 (27.70)
58,749 (26.65)

33 (18.75)
52 (29.55)
42 (23.86)
49 (27.84)

38 (21.59)
42 (23.86)
48 (27.27)
48 (27.27)

1.11 (0.95-1.30)

1.00 (Ref)

0.92 (0.59-1.43)
0.80 (0.50-1.26)
1.17 (0.75-1.84)
0.55

1.11 (0.95-1.30)

1.00 (Ref)
1.03 (0.67-1.60)
1.13 (0.74-1.73)
1.46 (0.95-2.25)
0.07

0.99 (0.83-1.19)

1.00 (Ref)

0.86 (0.54-1.36)
0.62 (0.38-1.03)
0.87 (0.53-1.42)
0.36

1.10 (0.93-1.31)

1.00 (Ref)
0.89 (0.54-1.45)
1.00 (0.62-1.60)
1.43 (0.90-2.25)
0.11
0.41
0.05

1.65(1.25-2.17)

1.00 (Ref)

1.50 (0.36-6.30)
3.32 (0.91-12.14)
5.76 (1.63-20.36)
0.0008

1.08 (0.72-1.63)

1.00 (Ref)
1.87 (0.65-5.40)
1.84 (0.63-5.33)
1.32 (0.37-4.69)
0.64

d
Breast cancer” (pre-menopausal women)

75,379

1,108

n cancer = 949

n cancer = 159

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)*
<14
14-18
18-22
> 22
p value for trend
Standardized TIBC (pmol/L) SD = 0.11
Quartiles of TIBC (umol/L)b
<42
42-54
54-67
>67
p value for trend
p for interaction for SI and TIBC
p for interaction for SI and CRP levels

19,040 (25.26)
20,140 (26.62)
17,501 (22.74)
18,698 (24.81)

12,864 (17.07)
15,283 (20.27)
19,883 (26.38)
27,349 (36.28)

198 (26.90)
295 (26.62)
252 (22.74)
263 (23.74)

209 (18.86)
249 (22.47)
307 (27.71)
343 (30.96)

0.99 (0.93-1.06)

1.00 (Ref)

0.91 (0.76-1.08)
0.90 (0.75-1.09)
1.00 (0.83-1.20)
0.94

1.02 (0.96-1.08)

1.00 (Ref)

1.12 (0.91-1.38)
1.10 (0.90-1.34)
1.06 (0.87-1.29)
0.75

0.99 (0.92-1.06)

1.00 (Ref)

0.91 (0.75-1.11)
0.88 (0.72-1.09)
0.99 (0.81-1.22)
0.85

1.05 (0.99-1.11)

1.00 (Ref)

1.11 (0.93-1.33)
1.11 (0.92-1.42)
1.10 (0.88-1.36)
0.56

0.31

0.95

1.01 (0.86-1.18)

1.00 (Ref)

0.84 (0.52-1.36)
0.99 (0.62-1.59)
1.03 (0.65-1.63)
0.79

0.95 (0.80-1.14)

1.00 (Ref)

1.01 (0.62-1.64)
0.90 (0.55-1.46)
0.85 (0.51-1.42)
0.46
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Table 3 continued

Breast cancer? (postmenopausal women)

106,693

Standardized SI (umol/L) SD = 5.73
Quartiles of SI (umol/L)?

<14

14-18

18-22

>22
p value for trend
Standardized TIBC (umol/L) SD = 0.11
Quartiles of TIBC (pmol/L)b

<42

42-54

54-67

>67
p value for trend

26,214 (24.57)
30,228 (28.33)
25,829 (24.21)
24,422 (22.89)

20,232 (18.96)
23,066 (21.62)
28,587 (26.79)
34,808 (32.62)

p for interaction for SI and TIBC

p for interaction for SI and CRP levels

2,130 n cancer = 1,792 n cancer = 338
1.09 (1.02-1.15) 1.09 (1.02-1.16) 1.08 (0.94-1.23)
495 (23.24) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
621 (29.15) 1.02 (0.87-1.20) 1.01 (0.85-1.20) 1.09 (0.75-1.57)
544 (25.54) 1.11 (0.95-1.31) 1.09 (0.91-1.30) 1.22 (0.84-1.78)
470 (22.07) 1.24 (1.05-1.47) 1.25 (1.04-1.50) 1.20 (0.80-1.80)
0.006 0.01 0.28
1.05 (0.99-1.11) 1.05 (0.99-1.11) 1.05 (0.90-1.22)
422 (19.81) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
527 (24.74) 1.16 (0.98-1.36) 1.11 (0.93-1.33) 1.39 (0.94-2.06)
583 (27.37) 1.03 (0.87-1.21) 0.98 (0.82-1.17) 1.31 (0.88-1.95)
598 (28.08) 1.13 (0.96-1.33) 1.12 (0.93-1.33) 1.15 (0.74-1.80)
0.39 0.51 0.61
0.18
0.11

All models were adjusted for age, sex, SES, history of lung diseases, and CRP (unless stratified by levels of CRP)

* Also adjusted for TIBC as a continuous variable
® Also adjusted for SI as a continuous variable
¢ Measured in men; not adjusted for gender

9 Measured in women; not adjusted for gender

(HR per SD of TIBC 1.09 (95 % CI 1.02-1.15)), and
similar trend for SI quartiles was also observed. An inter-
action effect between SI and TIBC was observed for
respiratory cancer (Pipgeraction 0-003) (Table 3). Meanwhile,
no statistically significant interaction between SI and levels
of CRP was observed, but a borderline interaction in
stomach cancer (Pineraction: 0-05).

Discussion

Overall, we found an inverse association between TIBC
and cancer risk particularly in colon cancer. No statistically
significant association between SI and cancer risk was
observed except for postmenopausal breast cancer, where a
positive association was observed. Stratification based on
CRP levels showed no markedly different results.

For many years, it has been suggested that iron overload
plays a role in carcinogenesis [2]. This was originally
described in experimental systems where the injection of
iron dextran led to the development of soft tissue sarcoma
[2]. More recently, it has been demonstrated that excess
iron can promote protein and genomic alterations mirrored
in human cancers [2] and this may occur via iron-induced
persistent oxidative stress [2]. Also in epidemiological
studies, the role of iron in risk of cancer has emerged;
Ellervik and colleagues showed a statistically significant

@ Springer

positive association between transferrin saturation, a mar-
ker of iron overload, and risk of all cancers [2]. Moreover,
when studying the iron metabolism in relation to cancer, it
is important to take markers of inflammation into account.
During inflammation, normal iron homeostatic mecha-
nisms are disturbed leading to the redistribution of iron,
resulting in the accumulation of iron in liver, spleen, and at
sites of inflammation while concomitantly reducing the
iron present in the bone marrow, leading to anaemia of
chronic disease (ACD). This process is initiated by hepci-
din, an antimicrobial peptide that mediates the internali-
zation and destruction of the iron exporter Ferroportin-1
and which is under the control of pro-inflammatory cyto-
kines [2]. Therefore, under conditions of inflammation,
iron availability for proliferating cells is increased and may
contribute to the pathogenesis of cancer.

Our study however suggests that apart from postmeno-
pausal breast cancer, there is no association with total SI
and cancer and in fact suggests the opposite as there is a
positive association with TIBC and cancer. However, this
association was influenced by the inflammatory state of the
patient, as increased CRP levels weakened the association.
This may reflect ACD where hepcidin production in
response to inflammatory cytokines will result in low
TIBC. Nevertheless, it is of note that the small number of
cases in some types of cancer resulted in limited power of
our analyses.
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The major strength of this analysis lies in the large
number of subjects with prospective measurements of SI,
TIBC, and CRP in AMORIS, all measured at the same
clinical laboratory. To our knowledge, this is the only
prospective study on cancer risk with information on SI,
TIBC, as well as information on inflammation. This data-
base provided complete follow-up for each person as well
as linkage to other registers allowing for detailed infor-
mation on cancer diagnosis, time of death, and emigration.
The AMORIS population was selected by analysing blood
samples from health check-ups in non-hospitalized indi-
viduals. The AMORIS cohort is similar to the general
working population of Stockholm County in terms of SES
and ethnicity. During the study period, all-cause mortality
was about 14 % lower in the AMORIS population than in
the general population of Stockholm County when taking
age, gender, and calendar year into account [24]. This
selection of a healthy cohort does however not affect the
internal validity of our study. A restriction of this study is
that there was no information available on tumour grade,
stage, or histology, making it impossible to assess the
association between iron metabolism and tumour severity,
nor did we have information on other important serum iron
markers such as ferritin which is widely accepted as a more
definitive marker, especially of ACD [25] or potential
confounders such as smoking status and body mass index.
However, even though we used history of lung disease as a
proxy for smoking, some confounding effects may remain.
As already mentioned, we only had information on non-
hsCRP. The effect of using hsCRP instead of non-hsCRP in
the context of inflammation and cancer risk has not been
investigated in detail yet, but it is likely that low-grade
inflammation is not captured by using this cut-off resulting
in an underestimation of the association between CRP and
cancer. However, the cut-off value of 10 mg/L is thought
to be satisfactory for the purpose of medical events such as
ischemic necrosis [19-21]. Nevertheless, we did not have
any additional information on acute infection.

Conclusions

This large population-based epidemiological study adds to
the existing pre-clinical studies on serum iron and devel-
opment of specific cancer types. As opposed to previous
studies, we found an inverse relation between iron metab-
olism and risk of cancer, as clearly shown for colon cancer.
The positive link found with post-menopausal breast cancer
emphasizes the need to address the specific tumour types
and clinical features when assessing iron metabolism in the
context of cancer. Although no statistically significant
interaction between inflammatory markers and iron
metabolism was observed, the borderline interaction in

relation to stomach cancer indicates a potential role of
inflammation in specific cancer development.
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