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Colorectal Cancer and Serum C-reactive Protein Levels: a Case-control Study
Nested in the JACC Study

BACKGROUND: Recently, it has been hypothesized that inflammation increases the risk of colorectal
cancer. We investigated whether serum levels of C-reactive protein (CRP), a biomarker of inflamma-
tion, are associated with colorectal cancer, using serum samples collected in the Japan Collaborative
Cohort Study (JACC Study).
METHODS: We conducted a nested case-control study in the JACC Study, investigating the relation-
ship between the risk for colorectal cancer and serum levels of CRP determined by a high-sensitivity
CRP enzyme immunoassay. The subjects recruited were 141 patients with colorectal cancer (63 males
and 78 females) and 327 controls with no history of cancer (148 males and 179 females). Each case of
colorectal cancer was matched for sex, age and participating institution to 2 or 3 controls. We used t-
test to analyze mean differences in CRP levels between colorectal cancer cases and controls. Odds
ratios (ORs) and their 95% confidence intervals (CIs) were calculated using a conditional logistic
regression model after adjusting for the potential confounding factors.
RESULTS: Serum CRP levels were not clearly associated with the risk of colorectal cancer. The OR of
the highest serum CRP levels was 1.18 (95% CI: 0.68-2.06) for colorectal cancer and 1.42 (95% CI:
0.73-2.74) for colon cancer, compared to subjects with lowest serum levels. The OR for incidence of
colorectal cancer showed a similar trend, but the difference was not significant. Thus, high serum CRP
levels did not appear to increase the risk of colorectal cancer.
CONCLUSIONS: The present results suggest that high serum CRP levels are not associated with the
risk of colorectal cancer in the JACC Study.
J Epidemiol 2005; 15: S185-189.
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Peripheral blood samples were collected from 39,242 subjects
(about 35% of respondents to the questionnaire survey) and stored
in deep freezers at about -80℃ for 13 to 15 years. During follow-
up, 76 deaths from colorectal cancer (50 colon and 26 rectum)
and 185 incident cases of colorectal cancer (123 colon and 62 rec-
tum) were identified among subjects who had provided serum
samples at baseline; 25 of those subjects (23 cases with history of
any cancer and 2 cases with lacking a serum sample) were
excluded from this study. For each case of colorectal cancer, 2 or
3 controls were matched for sex, age (as near as possible), and
participating institution from among the surviving subjects with-
out incident cancer or history of cancer. The study subjects were
141 colorectal patients (63 males and 78 females) and 327 con-
trols (148 males and 179 females); i.e., out of an initial enrollment
of 236 cancer cases and 661 controls, we excluded 95 cases and
218 controls who lacked sufficient serum volume for CRP deter-
mination, and we exclude 116 controls who were not suitably
matched to patients for sex, age and participating institution. The
cases and controls had similar sex distributions, and the age distri-
bution was narrower for subjects aged from 40 to 49 years than
for the other age group (Table 1). Colorectal cancer cases and
controls also had similar distributions of smoking and alcohol
consumption.

Informed consent for participation was obtained individually
from study subjects, with the exception of participating institu-
tions with few participants, in which case informed consent was
provided at the group level after the aim of the study and confi-
dentiality of the data had been explained to community leaders.
The Ethics Committees of Medical Care and Research of Fujita
Health University and Nagoya University School of Medicine
approved the protocol of this study.

Colorectal Cancer and Serum CRP

Recently, the incidence of colorectal cancer, which is closely
related to lifestyle factors, such as diet, exercise, smoking, and
alcohol consumption, has increased for both sexes.1-3 Consistent
with the hypothesis that inflammation increases the risk of colon
cancer,4,5 administration of aspirin or non-steroidal anti-inflamma-
tory drugs, has been shown to decrease the risk of colorectal can-
cer.6,7 Also, it has been reported that serum levels of C-reactive
protein (CRP), which is associated with inflammation and synthe-
sized by hepatocytes during acute inflammation,8,9 are elevated in
persons who subsequently develop colon cancer.10,11

There have been no previous reports of the relationship
between high serum CRP levels and the risk for colorectal cancer
in a population-based cohort study of Japanese. In the present
study, we used sera from the Japan Collaborative Cohort (JACC)
Study to investigate whether high serum CRP levels are associat-
ed with the risk of colorectal cancer in Japanese.

METHODS

Subjects
The subjects in the JACC Study were 110,792 residents of 45 dis-
tricts of Japan, ranging in age from 40 to 79 years.12 The colorec-
tal cancer cases were defined as incident or deceased
(International Statistical Classification of Diseases and Related
Health Problem 10th Revision: C18, C19, and C20). Incident
cases were recruited from 24 participating institutions: in 21 par-
ticipating institutions, cases were followed-up from baseline to
the end of 1997; in the other 3 participating institutions, cases
were followed-up from baseline to the end of 1994, 1995, and
1996, respectively. Dead subjects were enrolled from 45 partici-
pating institutions, and were followed-up from baseline to the end
of 1999.
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Item
Number

Sex Males
Females

Age (year) 40-49
50-59
60-69
70-79

Smoking habit Current smoker
Former smoker
Never smoker
Unknown

Alcohol consumption Current drinker
Former  drinker
Never drinker
Unknown

Table 1. Baseline chracteristics of cases of colorectal cancer and controls.
Cases (%)

141 (100)

63 (44.7)
78 (55.4)

12 (8.5)
44 (31.2)
60 (42.6)
25 (17.7)

30 (21.3)
21 (14.9)
83 ( 58.9) 
7 (5.0)

67 (47.5)
1 (0.7)

68 (48.2)
5 (3.5)

Controls (%)
327 (100)

148 (44.3)
179 (54.7)

29 (8.9)
117 (35.8)
128 (39.1)
53 (16.2)

79 (24.2)
43 (13.1)

182 (55.7)
23 (7.0)

144 (44.0)
9 (2.8)

191 (58.4)
13 (4.0)
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Methods
Serum CRP levels were determined by enzyme immunoassay,
using a high-sensitivity C-reactive protein enzyme immunoassay
test kit (Diagnostic Automation Inc., Calabasas, CA, USA).13

Body mass index (BMI) was calculated as body weight (kg)
divided by height (m) squared. All statistical analyses were per-
formed using the Statistical Analysis System® package. Geometric
mean differences in serum CRP levels between cases and controls
were examined using t-tests. Odds ratios (ORs) and their 95%
confidence intervals (CIs) for colorectal cancer were calculated
using a conditional logistic regression model. The ORs were com-
puted to categorize cases according to the tertiles of serum CRP
levels in the controls. Previous findings suggest that serum CRP
levels are affected by daily smoking, daily alcohol consumption,
and BMI.13 In the present study, we considered the potential con-
founding effects of smoking (never, former, or current smoker or
unknown), alcohol consumption (never, former, current drinker or
unknown), and BMI (continuous variable). To test for linear
trends in OR over tertiles, each tertile was coded as 0, 1, or 2 and
was then incorporated into conditional logistic regression models
as a single variable. Two-side probabilities less than 0.05 were
considered to indicate statistical significance.

RESULTS

Geometric mean values of serum CRP levels did not significantly
differ between colorectal cancer cases (0.43 mg/L; ranges of 25%
and 75%: 0.20-110mg/L, n = 141) and controls (0.45 mg/L;
ranges: 0.20-1.03mg/L, n = 327), and also did not significantly
differ between incident cases (0.37mg/L; ranges: 0.20-1.05mg/L,
n = 104) and controls (0.45mg/L; ranges: 0.19-1.03 mg/L, n =
251). There was no clear association between serum CRP levels
and the risk of colorectal cancer. In addition, geometric mean
serum CRP levels of colon cancer cases (0.49mg/L, ranges: 0.20-
1.05 mg/L, n = 101) were nearly equal to those for controls (0.49
mg/L, ranges: 0.23-1.00 mg/L, n = 237). The OR of the highest
serum CRP levels for colorectal cancer was 1.07 (95% CI: 0.64-
1.78), compared to the subjects with the lowest serum levels
(Table 2). Also, the OR of the highest serum CRP levels was 1.18
(95% CI: 0.68-2.06) after adjusting for additional confounding
factors, compared to the subjects with the lowest serum levels.
The OR of the highest serum CRP levels for incident cases of col-
orectal cancer was 0.97 (95% CI: 0.51-1.83) after adjusting for
the confounding factors, compared to the subjects with the lowest
serum levels. In addition, the OR of the highest serum CRP levels
was 1.42 (95% CI: 0.73-2.74) for colon cancer cases or 0.90 (95%
CI: 0.30-2.30) for rectal cancer cases, compared to the lowest
serum levels, but the difference was not significant. Higher serum
CRP levels were not apparently associated with higher risk for
colorectal cancer.
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bility of creating matched case-control pairs at all participating
institution. Also, the present data suggests that incidence cases of
colorectal cancer have a slightly different trend in odds ratio from
that of the overall colorectal cancer cases. Further studies, in
which a distinction is made between incident cases of colorectal
cancer and death from colorectal cancer, are needed to clarify the
relationship between high serum CRP levels and the risk for col-
orectal cancer.
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Colorectal Cancer and Serum CRP

DISCUSSION

The JACC Study for Evaluation of Cancer Risk, sponsored by the
Ministry of Education, Science, Sports, and Culture of Japan
(Monbusho), was conducted to collect information from 110,792
subjects and sera from 39,242 subjects, aged from 40 to 79 years,
in 45 districts of Japan from 1988 to 1990.12 In the present study,
we investigated effects of serum CRP, which is a biomarker of
inflammation and has recently been suggested to play a role in
risk of colorectal cancer, using sera collected in the JACC Study.
It has previously been shown that CRP is an acute phase protein
that is produced as the result of activity of interleukin-6 (IL-6),
IL-8, and tumour necrosis factors (TNF).8,14,15 Prostaglandins
including prostaglandin E2 (PGE2) are synthesized in an arachi-
donic acid cascade initiated by cycloxygenase-2 (COX-2)
enzyme, production of which is induced by inflammation.15,16 As
levels of CRP have been shown to reliably predict cardiovascular
events,17 and CRP and IL-6 have been shown to be associated
with total and non-cardiovascular mortality,18-20 it has also been
hypothesized in the review that inflammation can increase the risk
of cancer.21 Recently, it has been reported that plasma CRP con-
centrations are elevated in subjects who subsequently developed
and curative resection of colorectal cancer 5,10,11,22 and that PGE2

levels appear to serve as a predictor of tumor recurrence in-
patients with colorectal cancer.23 Moreover, evidence indicates
that the selective effects of PGE2 consist of inhibiting secretion of
IL-2, TNF-β and interferon gamma (IFN-γ) by helper T-1
(Th1) cells, and inhibiting secretion of IL-3 without affecting the
secretion of IL-4 and IL-5 by helper T-2 (Th2) cells.15

It has been reported that the geometric mean values of plasma
CRP concentrations were significantly higher for 172 colorectal
incident cases (2.49mg/L) than for 342 controls (1.96mg/L; p =
0.01).5 Although the assay for serum CRP determination was dif-
ferent from that of the present study, serum CRP levels were not
significantly higher for colorectal cancer cases than for controls.
This is similar to the present findings for colon cancer cases,
which the odds ratio of the highest serum CRP levels was 1.4 for
colon cancer and 0.9 for rectal cancer, compared to the subjects
with the lowest serum CRP levels. Higher serum CRP levels were
not clearly associated with increased risk of colorectal or colon
cancer.

As serum CRP levels have previously been shown to be associ-
ated with acute inflammation,8,9,11,22 the present lack of positive
associations between higher serum CRP levels and increased risk
of colorectal cancer may be due in part to the population-based
method used in the present follow-up study. In addition, this lack
of positive association may be due to sampling bias of serum CRP
levels caused by the differences in serum treatment among the 45
study districts of the JACC Study. The present findings also differ
from those of exactly matched case-control study, possibly due to
the limited number of analytical cases at each participating insti-
tution, because of the high frequency of serum sample volumes
that are inadequate for serum CRP measurement and the impossi-
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