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INTRODUCTION

Colorectal cancer (CRC) is the fourth most common can-
cer worldwide. It was newly diagnosed among 147,950 
patients in the United States in 2020 and among 27,909 
patients (54.4 patients per 100,000 people) in Korea based 
on national cancer statistics in 2018 [1,2]. Risk factors for 
the incidence of CRC include lifestyle-related factors such 
as high-fat diet, obesity, lack of physical activity, smoking, 
and alcohol consumption [3]. Red meat consumption is also 
known to be a strong risk factor [3], which can be consid-
ered in relation to the dietary iron level. Iron in red meat is 
present in the form of heme iron, and CRC risk increases 
according to heme iron intake [4]. 

Iron, which has the ability to transfer unpaired electrons, 
is a key player in oxidation–reduction (redox) reactions. The 
oxidation states vary, and iron exhibits an oxidation state 
from −2 to 6. Because of the flexibility in accepting differ-
ent oxidation states that allows iron to interact with vari-
ous ligands, iron is essential for sustaining life [5]. Howev-
er, this ability of iron generates a large amount of hydroxyl 
radicals, which sometimes cause DNA damage and drive 
carcinogenesis [5]. This suggests that iron overload in the 
human body is related to carcinogenesis development. In 
a study of 14,407 people who were observed for 10 years, 
858 patients diagnosed with cancer had higher transferrin 
saturation and lower total iron-binding capacity than people 
without cancer; similar results have been reported in other 

studies [6,7]. 
In case of excessive levels of systemic iron, iron is seques-

tered and stored to prevent toxicity. Ferritin is a major iron 
storage protein that plays a critical role in the maintenance 
of systemic iron homeostasis [8]. Therefore, serum ferritin 
levels generally decrease during iron deficiency and increase 
during iron overload [8]. Based on these concepts, the pos-
itive correlation between cancer risk and serum ferritin level 
is a predictable hypothesis. However, in one meta-analysis, 
the serum ferritin level in CRC patients was lower than that 
in healthy patients, contrary to the expected result [9]. There 
are only limited studies on the association between serum 
ferritin levels and CRC risk, especially in the Asian popula-
tion.

This study aimed to analyze the association between CRC 
risk and serum ferritin levels in the Korean population using 
linkage data from the 2008 to 2012 Korea National Health 
and Nutrition Examination Survey (KNHANES) and the Na-
tional Health Insurance Services (NHIS) claims database. 

METHODS

Database and study population
Since 1998, the KNHANES has been conducted regular-
ly under the leadership of the Korea Disease Control and 
Prevention Agency to monitor the general health and nu-
tritional status of a randomly sampled civilian, non-institu-
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tionalized Korean population [10]. Korea’s NHIS is a social 
insurance payment system that covers approximately 97% 
of the Korean population. The NHIS data include informa-
tion of all national routine health examinations and claims 
data. Claims data include diagnostic codes as per the Inter-
national Classification of Diseases, 10th revision (ICD-10), 
disease coding system [11]. 

This national cohort study used KNHANES data collected 
during 2008 to 2012. Adults aged more than 40 years who 
had undergone blood tests for the measurement of serum 
ferritin levels were included in the study. Participants were 
healthy people without acute illness or severe comorbidities 
such as end-stage renal disease. We excluded individuals 
who were under menstrual status at the time of investiga-
tion, who had missing data, and who were previously diag-
nosed with CRC or any other cancer. 

Eligible subjects selected from the KNHANES database 
were merged with those from the NHIS database to create a 
cohort dataset. To evaluate newly diagnosed CRC cases, we 
used cohort data from 2008 with clinical follow-up through 
to December 31, 2018.

Informed consent of participants was not required be-
cause this study used data from the national health data-
base, where consent had previously been obtained for the 
use of the collected data for research. The Institutional 
Review Board of The Catholic University of Korea (IRB No. 
HC21ZISI0063) approved this study. The study was conduct-
ed in compliance with the principles of the Declaration of 
Helsinki.

Laboratory measurements and survey of life-
style-related factors
Details of the KNHANES framework regarding the content 
of health surveys, standardized physical examinations, lab-
oratory tests, and definitions of risk factors have been de-
scribed previously [11]. Among the selected participants, 
specialists performed physical examinations, including 
body mass index (BMI) calculation and waist circumference 
measurement, according to standardized methods. Smok-
ing status was divided into three categories: non-smoker, 
ex-smoker, or current smoker. Alcohol consumption was as-
sessed based on the average number of alcoholic beverages 
and frequency of alcohol consumption. Heavy drinkers were 
defined as participants who consumed more than 30 g/day, 
whereas mild-to-moderate drinkers were defined as partic-
ipants drinking less than 30 g/day [12]. Physical activity was 

defined as walking for at least 150 min/week [12].
Diabetes mellitus (DM), hypertension, and hypercholester-

olemia were defined as a fasting glucose level of ≥ 126 mg/
dL, systolic blood pressure (BP) of ≥ 140 mmHg or diastolic 
BP of ≥ 90 mmHg, and total cholesterol level of ≥ 240 mg/
dL, respectively. Triglyceride, high-density lipoprotein cho-
lesterol, ferritin, and hemoglobin (Hb) levels were obtained 
from serum or plasma samples at the time of enrollment in 
the KNHANES. Anemia was defined as a Hb level of < 13.0 
g/dL for men and < 12.0 g/dL for women. The criteria for 
metabolic syndrome were based on a recent study [13].

Clinical outcomes
The primary outcome was newly diagnosed CRC during 
the follow-up period. Since 2005, the Korean government 
has implemented policies to expand NHIS benefit coverage 
to provide financial protection against life-threatening and 
catastrophic diseases such as cancer, cerebrovascular dis-
ease, and heart disease. When a patient is registered for 
cancer in the NHIS system, the patient is assigned a special 
code (V193). Therefore, if the participants of this study were 
newly diagnosed with CRC based on imaging or pathology 
findings, then they were registered in the NHIS system with 
the V code assignment. We identified patients who were 
diagnosed with CRC during the follow-up period using the 
ICD-10 codes (C18, C19, C20) among the participants who 
were assigned the V codes (V193), according to protocols 
established in a previous study [13].

Statistical analysis
Summary statistics were expressed as means and standard 
deviations for continuous variables and as numbers and 
percentages for categorical variables. Continuous variables 
were compared using Student’s t test or analysis of variance, 
as appropriate. Categorical variables were compared using 
the chi-squared test. The incidence of CRC was calculated 
by dividing the number of CRC patients by the sum of the 
follow-up duration, presented as the rate per 1,000 per-
son-years. Participants were observed on follow-up until the 
first diagnosis of CRC, censoring by death, or December 31, 
2018, whichever occurred first. Clinical outcomes were de-
termined using the Kaplan-Meier method and compared us-
ing the log-rank test. Cox proportional-hazard models were 
used to analyze the association of serum ferritin levels with 
CRC risk. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were also calculated. Statistical significance was set at 
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p < 0.05. Multivariable regression models were constructed 
with non-adjustment (Model 1), adjustment for age, sex, 
smoking, alcohol consumption, and exercise (Model 2), 
and inclusion of the variables in Model 2 plus the presence 
of BMI, DM, and Hb level (Model 3). All statistical analyses 
were performed using SAS version 9.4 (SAS Institute, Cary, 
NC, USA).

Availability of data and materials
Individual participant data will not be shared because access 
to the data requires legitimate administrative approval. The 
data access use is restricted until December 2021 in accor-
dance with government regulations.

RESULTS

Study participants
In total, 20,688 people were registered through the KN-
HANES system during 2008 to 2012, and the datasets were 
linked to the NHIS system in 2018. After excluding partic-
ipants who were menstruating, who had missing data in-
cluding serum ferritin levels, and who were previously diag-
nosed with any cancer, 17,116 participants were analyzed 
(Fig. 1).

Baseline characteristics of the study partici-
pants
Table 1 shows the baseline characteristics of the study par-
ticipants. A higher proportion of participants with CRC were 
male; were older; and had a history of smoking, DM, and 
hypertension. The mean serum ferritin level was lower in 
patients with CRC than in those without CRC, but the dif-
ference was not significant. 

Table 2 shows the baseline characteristics of participants 
according to the quartiles of serum ferritin level, with cut-
off values of 36.33, 66, and 111.14 ng/mL, respectively. 
The mean ferritin level in each quartile was 19.96, 50.68, 
86.07, and 209.03 ng/mL, respectively. There were signif-
icant differences in the proportions of age, sex, smoking 
history, alcohol consumption, BMI, DM, and Hb levels be-
tween quartiles of serum ferritin levels (Table 2). A higher 
ferritin quartile showed a higher proportion of CRC risk fac-
tors such as smoking history, alcohol consumption, DM, and 
obesity (Table 2).

Association between CRC risk and serum ferri-
tin levels
Table 3 presents the HRs and 95% CIs for the incidence 
of CRC according to the serum ferritin level using multiple 
regression analysis. The unadjusted HR was 0.796 (95% CI, 
0.534 to 1.187) in the highest quartile compared with that 
in the lowest quartile (Model 1). When age, sex, smoking, 
alcohol consumption, and physical activity were controlled 
(Model 2), the adjusted HR of the highest quartile was 
0.471 (95% CI, 0.306 to 0.722) in comparison to that of the 
lowest quartile. With additional adjustment for BMI, DM, 
and Hb level (Model 3), the adjusted HR was 0.443 (95% 
CI, 0.285 to 0.687). Interestingly, the higher quartile had a 
lower HR (Table 3). The quartile of ferritin levels showed an 
inverse relationship with CRC risk. In particular, after adjust-
ment for multiple covariables, Q3 and Q4 of ferritin levels 
were significantly associated with a low risk of CRC (HR, 
0.65 [95% CI, 0.44 to 0.97]; and HR, 0.44 [95% CI, 0.29 
to 0.69]; respectively). The cumulative incidence curves of 
CRC according to serum ferritin levels are shown in Fig. 2. In 
the highest quartile, the curve was distinctly separated from 
other quartiles (Fig. 2), and the incidence (1.23 per 1,000 
people) was also lower than that in other quartiles (Table 3).

Figure 1. Study design. KNHANES, Korea National Health and 
Nutrition Examination Survey; NHIS, National Health Insurance 
Services.

KNHANES (2008’-2012’) 
Age ≥ 40 years old

n = 20,688

Participants 
n = 17,116

NHIS (2018’)
n = 17,116

Yes, Colorectal cancer
n = 213

No, Colorectal cancer
n = 16,903

Exclusion 
- Menstruation 
- Missing data 
- History of any cancer
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Subgroup analysis: CRC risk and serum ferritin 
levels
We evaluated the association between CRC risk and serum 
ferritin levels in subgroups of age, sex, BMI, metabolic syn-

drome, DM, and anemia (Table 4). In each subgroup, the se-
rum ferritin level was significantly associated with CRC risk 
in the age group of 40 to 64 years, males, BMI of < 25 kg/
m2, presence of metabolic syndrome, and absence of DM 

Table 1. Baseline characteristics of study participants

Characteristic
Colorectal cancer

p value
No Yes

Number 16,903 213

Age, yr 58.1 ± 11.7 65.1 ± 10.1 < 0.001

Sex 0.015

Men 7,559 (44.7) 113 (53.05)

Women 9,344 (55.3) 100 (46.95)

Smoking < 0.001

No 10,080 (59.6) 102 (47.9)

Ex-smoker 3,488 (20.7) 68 (31.9)

Current smoker 3,335 (19.7) 43 (20.2)

Alcohol consumption 0.108

No 5,492 (32.5) 78 (36.6)

Mild 10,027 (59.3) 112 (52.6)

Heavy 1,384 (8.2) 23 (10.8)

Physical activity, min/wk 0.056

< 150 9,982 (59.1) 112 (52.6)

≥ 150 6,921 (40.9) 101 (47.4)

Diabetes mellitus 0.004

No 14,709 (87.0) 171 (80.3)

Yes 2,194 (13.0) 42 (19.7)

Hypertension < 0.001

No 10,034 (59.36) 102 (47.9)

Yes 6,869 (40.64) 111 (52.1)

Hypercholesterolemia 0.232

No 14,089 (83.35) 171 (80.3)

Yes 2,814 (16.65) 42 (19.7)

Weight, kg 57.1 ± 10.8 57.0 ± 9.2 0.806

Height, cm 155.8 ± 9.4 155.0 ± 8.7 0.213

BMI, kg/m2 24.0 ± 3.0 24.1 ± 2.7 0.540 

Systolic BP, mmHg 123.1 ± 17.6 128.0 ± 18.4 < 0.001

Diastolic BP, mmHg 77.9 ± 10.5 78.4 ± 11.7 0.543 

Glucose, mg/dL 100.9 ± 24.8 105.6 ± 30.8 0.005 

Total cholesterol, mmol/L 193.6 ± 36.3 196.0 ± 41.6 0.340 

Ferritin, ng/mL 91.6 ± 124.4 78.3 ± 69.2 0.120 

Hemoglobin, g/dL 14.0 ± 1.6 14.0 ± 1.6 0.621 

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; BP, blood pressure.
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and anemia, respectively. Interestingly, the significance of 
ferritin was evident in the CRC risk in the subgroup without 

anemia and not vice versa. The age group of 40 to 64 years 
had the lowest HR 0.217 (95% CI, 0.1 to 0.468) among the 

Table 2. Baseline characteristics according to the quartile of serum ferritin

Characteristic
Quartiles of ferritin, ng/mL

p value
Q1 Q2 Q3 Q4

Number 4,279 4,279 4,279 4,279

Age, yr 55.3 ± 12.1 59.5 ± 11.2 59.5 ± 11.3 58.5 ± 11.8 < 0.001

Sex < 0.001

Men 696 (16.3) 1,364 (31.9) 2,279 (53.3) 3,333 (77.9)

Women 3,583 (83.7) 2,915 (68.1) 2,000 (46.7) 946 (22.1)

Smoking < 0.001

No 3,500 (81.8) 2,964 (69.3) 2,297 (53.7) 1,421 (33.2)

Ex-smoker 411 (9.6) 711 (16.6) 1,028 (24.0) 1,406 (32.9)

Current smoker 368 (8.6) 604 (14.1) 954 (22.3) 1,452 (33.9)

Alcohol consumption < 0.001

No 1,656 (38.7) 1,661 (38.8) 1,319 (30.8) 934 (21.8)

Mild 2,543 (59.4) 2,442 (57.1) 2,597 (60.7) 2,557 (59.8)

Heavy 80 (1.9) 176 (4.1) 363 (8.5) 788 (18.4)

Physical activity 1,719 (40.2) 1,766 (41.3) 1,767 (41.3) 1,770 (41.4) 0.632 

Diabetes mellitus 423 (9.9) 510 (11.9) 567 (13.3) 736 (17.2) < 0.001

Hypertension 1,429 (33.4) 1,730 (40.4) 1,838 (43.0) 1,983 (46.3) < 0.001

Hypercholesterolemia 599 (14.0) 780 (18.2) 748 (17.5) 729 (17.0) < 0.001

Weight, kg 53.4 ± 9.3 55.1 ± 10.0 58.2 ± 10.6 61.8 ± 11.1 < 0.001

Height, cm 152.6 ± 7.9 153.7 ± 8.9 156.6 ± 9.7 160.1 ± 9.1 < 0.001

BMI, kg/m2 23.5 ± 3.1 23.9 ± 3.0 24.1 ± 2.9 24.4 ± 2.91 < 0.001

Systolic BP, mmHg 120.6 ± 18.4 123.4 ± 17.8 123.7 ± 17.2 124.9 ± 16.5 < 0.001

Diastolic BP, mmHg 76.8 ± 10.5 77.3 ± 10.3 78.3 ± 10.4 80.0 ± 10.6 < 0.001

Glucose, mg/dL 97.0 ± 21.0 99.5 ± 24.8 101.0 ± 23.3 106.2 ± 28.8 < 0.001

Total cholesterol, mmol/L 191.0 ± 34.7 195.2 ± 35.7 194.9 ± 35.6 193.6 ± 39.1 < 0.001

Ferritin, ng/mL 20.0 ± 10.1 50.7 ± 8.6 86.1 ± 12.9 209.0 ± 201.0 < 0.001

Hemoglobin, g/dL 12.9 ± 1.5 13.8 ± 1.3 14.3 ± 1.4 14.8 ± 1.4 < 0.001

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; BP, blood pressure.

Table 3. HR and 95% CI for the association between colorectal cancer risk and serum ferritin

Quartiles of ferritin Number CRC IR Model 1 Model 2 Model 3

Q1 4,279 55 1.55 1 (Reference) 1 (Reference) 1 (Reference)

Q2 4,279 60 1.69 1.089 (0.755–1.569) 0.832 (0.576–1.203) 0.811 (0.558–1.178)

Q3 4,279 55 1.55 1.002 (0.689–1.456) 0.681 (0.464–1.001) 0.654 (0.442–0.968)

Q4 4,279 43 1.23 0.796 (0.534–1.187) 0.471 (0.306–0.722) 0.443 (0.285–0.687)

p value 0.464 0.005 0.003

HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer; IR, incidence rate (per 1,000).
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subgroups. Male sex, BMI of < 25 kg/m2, presence of meta-
bolic syndrome, absence of DM, and absence of anemia pre-
sented HRs of < 0.5 in the highest quartiles compared with 
those in the lowest quartiles (HR, 0.379 [95% CI, 0.216 to 
0.665]; HR, 0.387 [95% CI, 0.22 to 0.681]; HR, 0.366 [95% 
CI, 0.181 to 0.74]; HR, 0.39 [95% CI, 0.236 to 0.644]; and 
HR, 0.44 [95% CI, 0.276 to 0.702]; respectively).

DISCUSSION

This is the largest cohort study to analyze the relationship 
between serum ferritin levels and CRC risk in the Korean 
population. Serum ferritin levels were inversely associated 
with CRC risk. In subgroup analysis, there were significant 
differences in patients with young age and without obesity, 
DM, and anemia when compared with the other groups. 
Particularly, in men, a higher ferritin level showed a lower 
HR, but there was no correlation in women; hence, the sex-
based difference was clear.

A study on the relationship between iron storage status 
and CRC risk conducted in the 1980s reported an increasing 
tendency of CRC risk in high transferrin saturation, unlike 
the results of our long-term follow-up study, but the data 
were not significant and the number of patients with CRC 
development was small, with only 12 cases [7]. The Euro-
pean Prospective Investigation into Cancer and Nutrition 
(EPIC)-Heidelberg study analyzed the relationship between 
iron status and cancer risk in various cancers. There were 
256 CRC cases, and there was no difference in HR according 
to the quartile of serum ferritin levels [14]. However, in con-
trast to the abovementioned studies, three nested case-con-

trol studies reported an inverse association between serum 
ferritin levels and CRC risk [15-17]. In particular, Cross et al. 
[15] reported that CRC risk was inversely associated with 
serum ferritin level, serum iron level, and transferrin satura-
tion, and all these markers were significant. On the contrary, 
although it is not CRC, in the EURGAST study which inves-
tigated stomach cancer risk, serum ferritin levels showed 
the strongest inverse relationship (HR of the fourth quartile 
to the first quartile 0.38; 95% CI, 0.25 to 0.57) among all 
markers of systemic iron status [18]. These previous studies 
were conducted in Western countries, hence epidemiolog-
ical evidence on the association between ferritin levels and 
CRC risk in Asians is lacking. To the best of our knowledge, 
this is the first large-scale nationwide cohort study to inves-
tigate this topic in Asians. The results of a meta-analysis of 
studies comparing CRC patients with normal subjects sup-
port our findings, although it was not an epidemiological 
study; in this report, CRC patients from Eastern countries 
had significantly lower serum ferritin levels than normal sub-
jects [9].

Two notable factors observed in the subgroup analysis of 
our study were age and sex. In terms of age, the signifi-
cance of serum ferritin was prominent in those under 65 
years of age but not in those aged 65 years or over. Elderly 
people are more prone to nutritional deficiency and chronic 
inflammation. Because these confounding factors can lead 
to an increase in the level of serum ferritin [19], it seems 
that the relationship between ferritin levels and CRC risk 
is more prominent among younger subjects than among 
elderly individuals. According to the 2011 to 2016 United 
States statistics, the incidence of CRC decreased by 3.3% 
per year for those over 65 years of age but increased by 
1% per year for those aged 50 to 64 and by 2% per year 
for those under 50 years of age [2]. Therefore, consider-
ing the age-related differences in incidence patterns, active 
CRC screening is required if younger people have low serum 
ferritin levels. Second, there was a sex-based difference in 
the effect of ferritin on CRC risk. In men, the HR of CRC 
incidence related to ferritin tended to decrease from Q2 to 
Q4, and there was a clear difference between the HRs of Q4 
and Q2. A difference in CRC risk according to ferritin level 
was also observed in women, but the difference was not 
significant. The reason seems to be related to iron intake in 
women, and as shown in Table 2, the serum ferritin level in 
women is lower than that in men. The results of a dietary 
survey showed that, in general, many women had insuffi-

Figure 2. Cumulative incidence curves for colorectal cancer ac-
cording to the quartiles of serum ferritin.
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Table 4. Subgroup analysis of the association between colorectal cancer risk and serum ferritin

Variable Subgroup Ferritina Number CRC IR HR (95% CI) (Model 3) p valueb

Age, yr 40–64 Q1 3,194 30 1.11 1 (Reference) 0.001 
Q2 2,799 22 0.92 0.539 (0.305–0.952)
Q3 2,758 26 1.11 0.581 (0.327–1.035)
Q4 2,872 11 0.46 0.217 (0.100–0.468)

≥65 Q1 1,085 25 2.97 1 (Reference) 0.201 
Q2 1,480 38 3.26 1.051 (0.631–1.752)
Q3 1,521 29 2.41 0.702 (0.406–1.214)
Q4 1,407 32 2.98 0.672 (0.384–1.177)

Sex Men Q1 696 21 3.82 1 (Reference) 0.002 
Q2 1,364 28 2.51 0.718 (0.404–1.275)
Q3 2,279 27 1.44 0.437 (0.243–0.784)
Q4 3,333 37 1.36 0.379 (0.216–0.665)

Women Q1 3,583 34 1.13 1 (Reference) 0.245 
Q2 2,915 32 1.31 0.94 (0.571–1.546)
Q3 2,000 28 1.69 1.1 (0.65–1.862)
Q4 946 6 0.79 0.442 (0.181–1.079)

BMI, kg/m2 < 25 Q1 3,048 37 1.47 1 (Reference) 0.004 
Q2 2,881 45 1.89 0.914 (0.587–1.423)
Q3 2,686 35 1.58 0.642 (0.396–1.042)
Q4 2,511 23 1.14 0.387 (0.22–0.681)

≥ 25 Q1 1,231 18 1.76 1 (Reference) 0.356 
Q2 1,398 15 1.28 0.609 (0.301–1.23)
Q3 1,593 20 1.51 0.674 (0.344–1.323)
Q4 1,768 20 1.36 0.539 (0.263–1.101)

Metabolic syndrome No Q1 3,227 35 1.30 1 (Reference) 0.123 
Q2 2,926 34 1.39 0.803 (0.494–1.306)
Q3 2,912 35 1.45 0.726 (0.44–1.196)
Q4 2,801 26 1.14 0.503 (0.286–0.886)

Yes Q1 1,052 20 2.36 1 (Reference) 0.026 
Q2 1,353 26 2.34 0.829 (0.461–1.494)
Q3 1,367 20 1.79 0.557 (0.294–1.054)
Q4 1,478 17 1.42 0.366 (0.181–0.74)

Diabetes mellitus No Q1 3,856 47 1.46 1 (Reference) 0.002 
Q2 3,769 50 1.59 0.807 (0.536–1.215)
Q3 3,712 43 1.39 0.608 (0.393–0.942)
Q4 3,543 31 1.07 0.39 (0.236–0.644)

Yes Q1 423 8 2.43 1 (Reference) 0.862 
Q2 510 10 2.45 0.872 (0.342–2.223)
Q3 567 12 2.64 0.888 (0.356–2.217)
Q4 736 12 2.06 0.675 (0.258–1.764)

Anemia No Q1 3,398 42 1.49 1 (Reference) 0.004 
Q2 4,004 55 1.65 0.832 (0.555–1.248)
Q3 4,072 50 1.48 0.637 (0.417–0.973)
Q4 4,086 41 1.23 0.44 (0.276–0.702)

Yes Q1 881 13 1.80 1 (Reference) 0.766 
Q2 275 5 2.26 0.886 (0.293–2.673)
Q3 207 5 3.06 1.149 (0.376–3.511)
Q4 193 2 1.37 0.476 (0.098–2.316)

CRC, colorectal cancer; IR, incidence rate (per 1,000); HR, hazard ratio; CI, confidence interval; BMI, body mass index.
aQuartiles of ferritin.
bMultiple regression analysis controlled by Model 3.
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cient intake of red meat containing heme iron [20]. In ad-
dition, many fertile women exhibited negative iron balance 
because the intake patterns of foods containing ingredients 
that impede iron absorption were higher than those of men, 
and there was also blood loss due to menstruation. These 
factors may cause complexity in analyzing the relationship 
between serum ferritin levels and CRC risk in women, un-
like men. This may explain the sex-based difference shown 
in our study. This sex-based difference has previously been 
reported by Ekblom et al. [16] where, similar to our study, 
the reduction of CRC risk with an increase in serum ferri-
tin levels was significantly observed only in men. Therefore, 
young men with low serum ferritin levels should be carefully 
considered in active CRC screening tests.

There is strong evidence to suggest that dyslipidemia, hy-
pertension, waist circumference, fasting glucose level, and 
metabolic syndrome are associated with increased CRC risk 
[13,21-24]. In our study, serum ferritin levels in participants 
with metabolic syndrome showed a strong inverse correla-
tion. Interestingly, the HR of participants without metabolic 
syndrome was also less than 0.6 (HR, 0.503; 95% CI, 0.286 
to 0.886). This suggests that serum ferritin levels are associ-
ated with CRC risk, regardless of the presence or absence of 
metabolic syndrome. In addition, serum ferritin levels were 
significantly associated with CRC risk in participants with 
non-anemia and BMI of < 25 kg/m2 but not in those with 
anemia and BMI of ≥ 25 kg/m2.

Therefore, in view of these considerations, serum ferritin 
can assist in identifying people who need active CRC screen-
ing tests among healthy people who do not have risk factors 
commonly known to be related to CRC risk such as anemia, 
obesity, and metabolic syndrome. 

Epidemiological evidence that excessive iron intake in-
creases CRC risk has been reported historically [4]. Most 
ingested iron is not absorbed and reaches the colorectum 
[4]. Adenomatous polyposis coli deletion, which is found 
in most CRC cases, induces the intracellular accumulation 
of iron in the colorectal epithelium [25]. This activates and 
enhances the Wnt pathway, a major oncogenic signaling 
pathway in CRC [25]. As such, there is epidemiological and 
biological evidence for the association between iron intake 
and CRC risk, but in a large cohort study, there was no di-
rect correlation between iron intake and systemic iron sta-
tus [17]. Moreover, contrary to studies showing that iron in-
creases carcinogenic risk because iron is an important factor 
in genome protection, there are reports that iron deficiency 

induces oxidative stress and DNA damage, and this is par-
ticularly involved in tumorigenesis in gastrointestinal cancer 
[26]. Therefore, there is still much to be clarified regarding 
the mechanism of the inverse association between ferritin 
levels and CRC risk identified in our study.

Aside from CRC pathogenesis in the cellular level of iron 
and ferritin, this inverse relationship between serum ferritin 
and CRC risk may be interpreted as a result of undetectable 
micro-bleeding, which is commonly observed in CRC. A pre-
vious study with 9,238 CRC patients reported that serum 
ferritin levels measured within 180 days of CRC diagnosis 
were low values [27]. Serum ferritin levels measured around 
1 year were normal in most cases [27]. This suggests that 
factors such as micro-bleeding may affect the change of se-
rum ferritin levels in CRC. However, contrary to this previous 
result, Kishida et al. [28] reported no difference in serum 
iron levels in the early-stage CRC compared with those in 
healthy subjects. Therefore, there is insufficient evidence to 
explain the causal relationship between serum ferritin and 
CRC risk, although serum ferritin levels were inversely asso-
ciated with CRC risk in our study.

Our study has some limitations. Ferritin levels can increase 
in acute inflammatory states [8]. Therefore, serum C-reac-
tive protein (CRP) levels can help differentiate acute infec-
tion or inflammatory disease, but we did not determine CRP 
values in the participants. However, because the KNHANES 
was conducted on healthy people, participants with acute 
infection may have been excluded. In addition, comprehen-
sive iron status was not investigated, and periodic follow-up 
was not performed. All inspections and investigations in our 
study were carried out at the national administrative level; 
therefore, academic aspects of the inspection items were 
not sufficiently detailed. Second, micro-bleeding of unde-
tectable early-stage CRC and consequent iron deficiency 
may be a confounding factor in our results. An analysis of 
the time interval from the measurement of serum ferritin 
level to the diagnosis of CRC may indirectly provide a clue 
to this question. However, evaluation of the HR according 
to time intervals from the time of registration to the time of 
diagnosis of CRC could not be performed because of lim-
itations of the available data. Instead, in a previous cohort 
study on stomach cancer, where there is a risk of iron loss 
due to micro-bleeding, the risk of gastric cancer and serum 
ferritin levels was inversely related, regardless of the time 
interval [18]. Another limitation of this study is that our main 
result is not sex-specific. Since there is a difference in serum 
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ferritin levels according to sex, there may be controversy 
over applying our results equally to both men and women, 
although this result was adjusted for sex. To compensate for 
this limitation, we presented the result of subgroup analysis 
according to sex. 

Despite these limitations, the present study has some 
strengths. It is the first large-scale cohort study conduct-
ed nationwide in an Asian population, and it is a cohort 
study with long-term follow-up. Contrary to the general re-
sults between excess iron intake and cancer risk, this study 
showed an inverse relationship between serum ferritin levels 
and CRC risk. In relation to CRC risk, it can be inferred that 
systemic iron status affects carcinogenesis differently from 
that of intraluminal iron. Additionally, the inverse relation-
ship between ferritin levels and CRC risk was more prom-
inent in young individuals and males, and a similar trend 
was found even in the absence of metabolic syndrome, 
commonly known to induce CRC risk. Therefore, in the case 
of healthy young men with low serum ferritin levels, more 
careful observation regarding the risk of CRC is required. To 
further clarify the significance of our findings, additional re-
search is needed on how systemic iron status, including fer-
ritin, affects colorectal carcinogenesis through interactions 
in the human body.

KEY MESSAGE
1.	 There is an inverse association between serum fer-

ritin and colorectal cancer (CRC) risk. 
2.	 Serum-ferritin measurement can aid in identifying 

young adults who need active CRC-screening tests.

Conflict of interest
No potential conflict of interest relevant to this article was 
reported.

Acknowledgments
This research was supported by a grant from the Korea 
Health Technology R&D Project through the Korea Health 
Industry Development Institute (KHIDI), funded by the Min-
istry of Health & Welfare, Republic of Korea, grant number 
HI18C0275.

REFERENCES

1.	 Hong S, Won YJ, Park YR, et al. Cancer statistics in Korea: 

incidence, mortality, survival, and prevalence in 2017. Cancer 

Res Treat 2020;52:335-350.

2.	 Siegel RL, Miller KD, Goding Sauer A, et al. Colorectal cancer 

statistics, 2020. CA Cancer J Clin 2020;70:145-164.

3.	 Wiseman M. The second World Cancer Research Fund/Amer-

ican Institute for Cancer Research expert report: food, nutri-

tion, physical activity, and the prevention of cancer: a global 

perspective. Proc Nutr Soc 2008;67:253-256.

4.	 Ashmore JH, Rogers CJ, Kelleher SL, Lesko SM, Hartman TJ. 

Dietary iron and colorectal cancer risk: a review of human 

population studies. Crit Rev Food Sci Nutr 2016;56:1012-

1020.

5.	 Torti SV, Manz DH, Paul BT, Blanchette-Farra N, Torti FM. Iron 

and cancer. Annu Rev Nutr 2018;38:97-125.

6.	 Knekt P, Reunanen A, Takkunen H, Aromaa A, Heliovaara M, 

Hakulinen T. Body iron stores and risk of cancer. Int J Cancer 

1994;56:379-382.

7.	 Stevens RG, Jones DY, Micozzi MS, Taylor PR. Body iron stores 

and the risk of cancer. N Engl J Med 1988;319:1047-1052.

8.	 Knovich MA, Storey JA, Coffman LG, Torti SV, Torti FM. Ferri-

tin for the clinician. Blood Rev 2009;23:95-104.

9.	 Feng Z, Chen JW, Feng JH, et al. The association between 

serum ferritin with colorectal cancer. Int J Clin Exp Med 

2015;8:22293-22299.

10.	 Kweon S, Kim Y, Jang MJ, et al. Data resource profile: the 

Korea National Health and Nutrition Examination Survey (KN-

HANES). Int J Epidemiol 2014;43:69-77.

11.	 Lee YH, Han K, Ko SH, Ko KS, Lee KU; Taskforce Team of Di-

abetes Fact Sheet of the Korean Diabetes Association. Data 

analytic process of a nationwide population-based study using 

National Health Information Database established by National 

Health Insurance Service. Diabetes Metab J 2016;40:79-82.

12.	 Park S, Chun J, Han KD, et al. Dose-response relationship 

between cigarette smoking and risk of ulcerative coli-

tis: a nationwide population-based study. J Gastroenterol 

2019;54:881-890.

13.	 Lee J, Lee KS, Kim H, et al. The relationship between metabol-

ic syndrome and the incidence of colorectal cancer. Environ 

Health Prev Med 2020;25:6.

14.	 Quintana Pacheco DA, Sookthai D, Graf ME, et al. Iron status 

in relation to cancer risk and mortality: findings from a pop-

ulation-based prospective study. Int J Cancer 2018;143:561-

569.

www.kjim.org


1215

Kim H, et al. Ferritin and colorectal cancer risk

www.kjim.orghttps://doi.org/10.3904/kjim.2022.007

15.	 Cross AJ, Gunter MJ, Wood RJ, et al. Iron and colorectal can-

cer risk in the alpha-tocopherol, beta-carotene cancer preven-

tion study. Int J Cancer 2006;118:3147-3152.

16.	 Ekblom K, Marklund SL, Palmqvist R, et al. Iron biomarkers in 

plasma, HFE genotypes, and the risk for colorectal cancer in a 

prospective setting. Dis Colon Rectum 2012;55:337-344.

17.	 Kato I, Dnistrian AM, Schwartz M, et al. Iron intake, body 

iron stores and colorectal cancer risk in women: a nested 

case-control study. Int J Cancer 1999;80:693-698.

18.	 Fonseca-Nunes A, Agudo A, Aranda N, et al. Body iron status 

and gastric cancer risk in the EURGAST study. Int J Cancer 

2015;137:2904-2914.

19.	 Madu AJ, Ughasoro MD. Anaemia of chronic disease: an in-

depth review. Med Princ Pract 2017;26:1-9.

20.	 Rushton DH, Barth JH. What is the evidence for gender dif-

ferences in ferritin and haemoglobin? Crit Rev Oncol Hematol 

2010;73:1-9.

21.	 Dong Y, Zhou J, Zhu Y, et al. Abdominal obesity and colorectal 

cancer risk: systematic review and meta-analysis of prospec-

tive studies. Biosci Rep 2017;37:BSR20170945.

22.	 Park H, Cho S, Woo H, et al. Fasting glucose and risk of col-

orectal cancer in the Korean Multi-center Cancer Cohort. 

PLoS One 2017;12:e0188465.

23.	 Xuan K, Zhao T, Sun C, et al. The association between hyper-

tension and colorectal cancer: a meta-analysis of observation-

al studies. Eur J Cancer Prev 2021;30:84-96.

24.	 Yao X, Tian Z. Dyslipidemia and colorectal cancer risk: a me-

ta-analysis of prospective studies. Cancer Causes Control 

2015;26:257-268.

25.	 Radulescu S, Brookes MJ, Salgueiro P, et al. Luminal iron levels 

govern intestinal tumorigenesis after Apc loss in vivo. Cell Rep 

2012;2:270-282.

26.	 Pra D, Rech Franke SI, Pegas Henriques JA, Fenech M. A pos-

sible link between iron deficiency and gastrointestinal carcino-

genesis. Nutr Cancer 2009;61:415-426.

27.	 Schneider C, Bodmer M, Jick SS, Meier CR. Colorectal cancer 

and markers of anemia. Eur J Cancer Prev 2018;27:530-538.

28.	 Kishida T, Sato J, Fujimori S, et al. Clinical significance of se-

rum iron and ferritin in patients with colorectal cancer. J Gas-

troenterol 1994;29:19-23.

www.kjim.org

