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Purpose—The association between prediagnostic inter-leukin-6 (IL-6) concentrations and risk of 

colorectal cancer was evaluated in a nested case–control study and a meta-analysis of prospective 

studies.

Methods—Colorectal cancer cases (n = 173) and matched controls (n = 345) were identified 

between 1989 and 2000 among participants in the CLUE II cohort of Washington Country, 

Maryland. Matched odds ratios and the corresponding 95 % confidence intervals (CIs) were 

estimated using conditional logistic regression models.

Results—Participants in the highest third of plasma IL-6 concentration had a 2.48 times higher 

risk of colon cancer compared to participants in the bottom third (95 % CI 1.26–4.87; p-trend 

0.02) after multivariate adjustment. This association did not differ according to the stage of 

disease, age, sex, or other potential modifying variables and remained statistically significant after 

adjustment for C-reactive protein concentrations. No statistically significant association was 

observed for rectal cancer risk. The meta-analysis of six prospective studies yielded an increased 

but borderline statistically significant risk of colon cancer per 1 U increase in naturally logarithm-

transformed IL-6 (summary RR 1.22; 95 % CI 1.00–1.49; I2 46 %). An inverse association was 

noted for rectal cancer (RR 0.69; 95 % CI 0.54–0.88; I2 0 %), but there was evidence for small-

study effects (p 0.02).

Conclusion—Our findings provide support for a modest positive association between IL-6 

concentrations and colon cancer risk. More work is needed to determine whether IL-6 is a valid 

marker of colorectal inflammation and whether such inflammation contributes to colon and rectal 

cancer risk.
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Introduction

Interleukin-6 (IL-6) is a multifunctional cytokine produced by a variety of hematopoietic 

and nonhematopoietic cells [1]. It exerts a pro-inflammatory role either by acting on a 

transmembrane type 1 cytokine receptor or by binding to a soluble IL-6 receptor (sIL6R). 

IL-6 up-regulates several acute-phase proteins such as C-reactive protein (CRP), fibrinogen, 

α1-antitrypsin, and serum amyloid A [1, 2]. There is ample mechanistic evidence, 

suggesting an involvement of IL-6 in colorectal cancer (CRC) development. In vivo 

experiments on wild-type mice have demonstrated that IL-6 is significantly augmented at 

the colonic tumor microenvironment, and the growth of colon tumors has been shown to be 

suppressed when the mice were treated with antibodies against IL6R [3]. However, results 

from prospective epidemiological studies regarding the association of circulating IL-6 

concentrations and risk of subsequent colorectal cancer development have generally not 

observed strong relationships [4–8]. We have previously shown that CRP concentrations 

were associated with a twofold higher risk of colorectal cancer in the CLUE II cohort [9]. 

This report further examines the potential association between inflammation and colorectal 

cancer by testing an upstream to CRP biomarker, IL-6, and includes a meta-analysis of 

prospective epidemiological studies to summarize the evidence and study its heterogeneity.
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Materials and methods

Study population

Colorectal cancer cases and controls were identified among members of the prospective 

CLUE II cohort. The CLUE II cohort enrolled participants from May through October 1989 

primarily in Washington County, Maryland, and neighboring counties or states. The aim of 

the cohort was to investigate potential lifestyle and serologic risk factors for cancer and 

heart disease. The cohort consisted of 32,894 individuals, 25,076 of whom were residents of 

Washington County. For this analysis, the study participants were restricted to 22,887 adult 

(≥18 years old) Washington County residents, of whom 59 % were female and 98 % were 

white reflecting the demographics of the county at the time. All participants provided a 

blood sample and completed a brief medical and lifestyle exposure history questionnaire at 

baseline. Self-administered questionnaires were mailed to participants in 1996, 1998, and 

2000 to collect and/or update information on family history of cancer, medical conditions, 

medication use, and lifestyle exposures. Loss to follow-up was <5 % among cohort members 

who were over 45 years old at baseline, which is the age range of the majority of the cases 

and the pool of cohort members eligible to be selected as age-matched controls. All 

participants provided informed consent, and the Institutional Review Board at the Johns 

Hopkins Bloomberg School of Public Health approved the study.

Selection of colorectal cancer cases and controls

Participants were eligible to be selected as a case or a control if they were cancer free 

(except possibly for nonmelanoma skin cancer or cervix in situ) in 1989 or earlier. A total of 

173 colorectal cancer cases were identified from 1990 through mid-2000 via linkage with 

the Washington County Cancer Registry and, since 1992, with the Maryland State Cancer 

Registry. The Maryland Cancer Registry is certified by the North American Association of 

Central Cancer Registries as being more than 95 % complete. Compared with the Maryland 

Cancer Registry, the Washington County Cancer Registry captured 98 % of the colorectal 

cancer cases diagnosed in Washington County residents in 1998. Ninety-eight percent of the 

cases were pathologically confirmed. A total of 124 cases had colon cancer, 48 cases had 

rectal cancer (one case with missing tumor location), 68 cases had stage I or II disease, and 

55 cases had stage III or IV disease (50 cases were missing stage information). Ninety-nine 

percent and 80 % of the colon and rectal cancer tumors were adenocarcinomas, respectively. 

For each case, up to two controls (345 controls in total because one case was matched to 

only one control) matched on age (±1 year), sex, race, date of blood draw (±2 weeks), and 

time since the last meal (0–1, 2–3, 4–5, 6–7, ≥8 h) were selected if they were known to be 

alive at the time that the case was diagnosed.

IL-6 assessment

IL-6 concentrations were measured in the archived plasma specimens collected in 1989 by 

an enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN) in the 

laboratory of Dr. Rifai at Children’s Hospital, Boston, MA. A total of 24 quality control 

samples (≅5 % of the total sample) aliquoted from pooled plasma were arranged in triplets 

among the cases and the two controls, and each triplet was run adjacently. The laboratory 

was blind to the case–control and quality control sample status. The mean intra-pair 
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coefficient of variation was 4.3 %. C-reactive protein (CRP) concentrations were also 

available, and details of its measurement and quality control statistics are provided 

elsewhere [9].

Covariate assessment

Self-reported current weight and height, weight at age 21, schooling years, and history of 

smoking were collected at baseline in 1989. Body mass index (BMI) was calculated at 

baseline and at age 21 as weight in kilograms divided by height in meters squared. 

Participants were asked whether they had used any medications in the 48 h prior to blood 

draw. Any medication that contained aspirin or nonaspirin nonsteroidal anti-inflammatory 

drugs was coded as nons-teroidal anti-inflammatory drugs (NSAIDs). Use of anti-diabetic 

and cholesterol-lowering medication was also recorded. Women were asked whether they 

ever used oral contraceptives or hormone replacement therapy. Daily intake of alcohol (g/

day) and red meat (g/day) was estimated from the food frequency questionnaire at baseline, 

which was an abbreviated version of the Block food frequency questionnaire comprised of 

60 food items [10], and was returned by 94 % of colorectal cancer cases and selected 

controls. Follow-up questionnaires in 1996, 1998, and 2000 ascertained whether participants 

had a first-degree family history of colorectal cancer and a personal history of inflammatory 

bowel disease.

Statistical analysis

The distributions of baseline characteristics were compared between cases and controls 

using conditional logistic regression models, and across thirds of the IL-6 distribution 

among controls using linear and logistic regression models adjusted for age at recruitment 

and sex. Matched odds ratios (ORs) and the corresponding 95 % confidence intervals (CIs) 

were estimated for the association of circulating IL-6 concentrations and risk of colorectal 

cancer using conditional logistic regression. IL-6 was modeled using continuous, after 

natural logarithm transformation, and categorical terms (thirds and fourths of the IL-6 

distribution among controls) after inspecting nonparametric plots of IL-6 concentrations on 

colorectal cancer risk, where the pattern of risk changed approximately linearly with higher 

IL-6 concentrations in the logarithmic scale. The inferences were very similar using each of 

the latter IL-6 modeling approaches; thus, the main results were presented using thirds and 

continuous variables (per 1 U change in the natural logarithm-transformed values). Linear 

trends were tested by entering into the model the ordinal IL-6 concentration variable with 

values corresponding to the thirds of the distribution among controls. Models were adjusted 

for known or suspected risk factors for colorectal cancer. The ORs accounting only for the 

matching variables were first estimated, and then models were adjusted for education (years 

of schooling), BMI at baseline (<25, ≥25–<30, ≥30 kg/m2), smoking status (never, former, 

current), NSAIDs or aspirin use (yes, no), family history of colorectal cancer (yes, no), use 

of diabetes treatment (yes, no), and ever use of female hormones (yes, no). None of the 

above confounders had any missing data. Analyses that included further adjustments for 

BMI at age 21, inflammatory bowel disease, cholesterol-lowering medications, and daily 

intakes of red meat and alcohol gave very similar results and are not presented here. 

Furthermore, we conducted analyses according to tumor location (colon vs. rectum) and 
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stage at diagnosis (I–II vs. III–IV), and heterogeneity according to these tumor 

characteristics was measured with the Cochran’s Q test.

Stratified analyses were conducted according to age at recruitment (cut at the median: <66 

vs. ≥66 years), sex, BMI at recruitment (<25, ≥25 kg/m2), use of aspirin or NSAIDs, and 

ever cigarette smoking, because these variables are known to influence IL-6 concentrations 

and/or colorectal cancer risk. Tests for interaction were carried out by using the relevant 

exposure variables, indicator variables for the potentially modifying factors, and product 

terms of the two variables. The statistical significance of the interaction terms was evaluated 

by the Wald test. For these analyses, to preserve power, we broke the matched sets and 

performed unconditional logistic regression adjusting for the matching variables. Sensitivity 

analyses were performed after excluding colorectal cancer cases that developed within 2 or 5 

years from the baseline blood draw to exclude the possibility that IL-6 concentrations were 

affected by extant cancers. To shed light on whether the association between IL-6 

concentrations and colorectal cancer is independent of CRP, we further adjusted all models 

for CRP concentrations and performed interaction (cut at the median: <0.2 vs. ≥0.2 mg/dL) 

and joint analyses for thirds of IL-6 and CRP. All p values (p) were two-sided, and all 

analyses were performed using STATA version 12 (College Station, TX).

Meta-analysis

A comprehensive search on PubMed was conducted from 1966 through April 2014 to 

identify prospective epidemi-ological studies investigating the association between pre-

diagnostic concentrations of circulating IL-6 and the subsequent development of colorectal 

cancer. The following algorithm was used: “(c-reactive protein OR inter-leukin* OR tumor 

necrosis factor) AND (colorectal OR colon or rectal or large bowel) AND (cancer OR 

carcinoma OR neoplasia OR tumor OR adenoma OR neoplasm).” A manual review of 

references from eligible studies was also performed. No language limitations were applied. 

Articles were excluded if (a) the research was not conducted in humans or was not original, 

(b) they were prognostic or diagnostic studies, (c) colorectal cancer was not the outcome of 

interest, and (d) circulating IL-6 was not the exposure of interest. The literature search, the 

review of the eligible studies and the data extraction was conducted independently by two 

investigators (CK and KKT), and discrepancies were resolved by consensus.

Maximally adjusted relative risk (RR) estimates and 95 % CIs for the association of the 

natural logarithm (ln) of IL-6 (per 1 U change in ln pg/mL) with colorectal cancer were 

obtained from the original publications, and additional risk estimates (especially by bowel 

location) were provided by several study authors [4, 5, 7, 8]. Specifically, Chan et al. 

provided updated data with more cases and controls compared to the numbers in the 

published paper. After weighting the study specific ln RR estimates by the inverse of their 

variance, we calculated summary estimates and its 95 % CIs using random effects models. 

Alternative analyses were based on fixed effects models. The meta-analysis was conducted 

for colorectal cancer risk and separately for colon and rectal cancer. Between-study 

heterogeneity was assessed with the I2 statistic and the p value from the Cochran’s Q test, 

and small-study effects bias was evaluated using funnel plots and the Egger’s regression 

asymmetry test. The methodological quality of the included studies was assessed 
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independently by AK and KKT using the Newcastle–Ottawa scale, which accords a 

maximum of nine points to each study, with five or less points indicating a high risk of bias 

[11].

Results

IL-6 concentrations and colorectal cancer in CLUE II

Table 1 compares the cases and controls with respect to several lifestyle, medical, and 

dietary factors after taking into account the matched design using conditional logistic 

regression models. Compared to the controls, colorectal cancer cases were more likely to 

have a positive family history of colorectal cancer (p 0.06), were less likely to have used 

aspirin or NSAIDs (p 0.02), were more likely to have used diabetes medications (p 0.03), 

and had higher concentrations of plasma IL-6 (median of 2.3 pg/mL in cases and 1.9 pg/mL 

in controls; p 0.03) and CRP (p 0.01).

Table 2 shows baseline characteristics by concentration of IL-6 among controls after 

adjusting for age at recruitment and sex. Participants with higher IL-6 concentrations were 

on average older (p 0.05), heavier (p < 0.01), and more likely to be men (p 0.03). No 

statistically significant differences were observed for other covariates.

Participants above the highest third of plasma IL-6 concentrations had an approximately 

twofold higher risk (OR 2.09; 95 % CI 1.26–3.46; p-trend < 0.01) of col-orectal cancer 

compared with participants in the lowest third after taking into account the matching 

variables (Table 3). Further adjustment for education, smoking, BMI, aspirin/NSAIDs, 

diabetes medications, family history of colorectal cancer, and female hormones reduced the 

magnitude and statistical significance of the association (3rd vs. 1st third: OR 1.76; 95 % CI 

1.01–3.06; p-trend 0.07). The fully adjusted OR of colorectal cancer per 1 U increase in the 

natural logarithm of IL-6 concentrations was 1.21 (95 % CI 0.94–1.56). Table 3 also shows 

the association of IL-6 with colorectal cancer by tumor location. Compared to participants in 

the lowest third of IL-6, participants in the highest third had a 2.48 times higher risk of colon 

cancer (OR 2.48; 95 % CI 1.26–4.87; p-trend 0.02), but no statistically significant 

association was observed for rectal cancer risk. When only adenocarcinoma tumors were 

considered among rectal cancer cases, the association remained identical (data not shown).

Table 4 shows the risk of colorectal and colon cancer according to a 1 U increase in the 

natural logarithm of IL-6 concentrations in subgroup and sensitivity analyses. The OR of 

colon cancer per 1 U increase in the natural logarithm of IL-6 concentrations was 1.50 (95 % 

CI 1.12–2.01), and it was statistically significantly different from the association observed 

for rectal cancer (OR 0.77; 95 % CI 0.51–1.16; p-heterogeneity 0.01). However, the 

associations did not differ by colorectal cancer stage or according to age at recruitment, sex, 

BMI, use of aspirin/ NSAIDs, and smoking status. The association of IL-6 concentrations 

with risk of colon cancer was slightly attenuated, but remained statistically significant after 

excluding cases occurring within 2 or 5 years of the baseline blood draw or after adjusting 

for circulating CRP concentrations (Table 4). When we tested whether IL-6 and CRP 

concentrations might act synergistically to further increase the risk of colon cancer, no 

statistically significant multiplicative interaction was observed.
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Meta-analysis of IL-6 concentrations and colorectal cancer

Of the 6,484 articles initially identified in PubMed, six publications with results from seven 

prospective studies were selected for the meta-analysis including the current study in the 

CLUE II cohort (Fig. 1). Five studies were conducted in the USA and two in the UK. The 

number of colorectal cancer cases ranged from 30 to 413, and all seven studies summed to 

1,308 cases and 8,420 controls (Supplemental Table 1). Three studies had a cohort design, 

another three were nested case–control studies, and one used a case-cohort design. The 

quality of the included studies was good with a median Newcastle–Ottawa quality score of 7 

(Supplemental Tables 1 and Supplemental Tables 2). Circulating IL-6 concentrations were 

not statistically significantly associated with risk of colorectal cancer (Fig. 2; seven studies; 

per 1 U change in ln IL-6; random effects summary RR 1.10; 95 % CI 0.94–1.28). There 

was small between-study heterogeneity (I2 34 %; p 0.17), and no evidence of small-study 

effects was detected by inspecting the funnel plot or using the Egger’s regression asymmetry 

test (p 0.77).

A total of six studies provided results according to colorectal cancer location, which 

summed to 919 and 271 colon and rectal cancer cases, respectively. The summary 

association per 1 U increase in ln IL-6 for colon cancer risk was positive and borderline 

statistically significant using the random effects method (Fig. 2; RR 1.22; 95 % CI 1.00–

1.49) with some evidence of between-study heterogeneity (I2 46 %; p 0.10). The association 

was nominally statistically significant with the fixed effects method (RR 1.22; 95 % CI 

1.06–1.40). However, for rectal cancer risk, the association was statistically significantly 

inverse (RR 0.69; 95 % CI 0.54–0.88) with no evidence of heterogeneity (I2 0 %; p 0.81). 

The summary associations for colon and rectal cancer were statistically significantly 

different (p < 0.001). No evidence of small-study effects was detected in the colon cancer 

analysis (p 0.81), but smaller studies tended to give larger estimates of effect size compared 

to larger studies for the rectal cancer analysis (p 0.02).

Discussion

Prediagnostic concentrations of circulating IL-6 were associated with the subsequent 

development of colon cancer in the prospective CLUE II cohort. This association did not 

differ according to the stage of disease, age, sex, CRP concentrations, or other potential 

modifying variables and remained statistically significant after adjustment for CRP 

concentrations and after excluding cases that occurred within 2 or 5 years of follow-up, thus 

reducing the likelihood that the results could reflect the presence of sub-clinical disease at 

the time of blood collection. No association was observed between IL-6 and rectal cancer 

risk. The meta-analysis showed that higher IL-6 concentrations were associated with a 

borderline statistically significant higher risk of colon cancer, but with a significant lower 

risk of rectal cancer.

The overall literature evidence for an association between IL-6 concentrations and risk of 

colorectal cancer is sparse, as only six prospective studies exist [4–8]. II’yasova et al. [6] 

found that serum IL-6 concentrations were not statistically significantly associated with risk 

of colorectal cancer in the Health, Aging, and Body Composition Cohort. Similarly, no 

association was observed in two British prospective studies published in 2009 [4], but the 
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latter three studies included small numbers of colorectal cancer cases (n = 30–40). Chan et 

al. [8] used 279 cases from the Nurses’ Health Study, but also did not observe a statistically 

significant association, and another large publication (413 cases) from the Women’s Health 

Initiative observational cohort yielded a similar not significant finding [7]. Only, a recent 

paper from the Health Professionals Follow-up Study observed a borderline significant 

increased risk of colorectal cancer with higher IL-6 concentrations, but this association did 

not remain significant when the first 2 years of follow-up was excluded [5]. In the current 

paper from the CLUE II cohort, we also did not observe a statistically significant association 

between IL-6 concentrations and risk of colorectal cancer. When we synthesized the results 

of the latter seven studies in a meta-analysis, we observed a nonsignificant summary RR of 

1.10 (95 % CI 0.94–1.28) per 1 U change in ln IL-6. Very few reports have studied the 

association between IL-6 concentrations and risk of colorectal adenoma and observed 

inconsistent findings [12, 13].

However, the association between IL-6 concentrations and colon cancer risk was statistically 

significant in the CLUE II cohort. Only one other study reported results by tumor location in 

the original publication [5], but several study authors sent us site-specific risk estimates after 

communicating with them. In four studies, the association of IL-6 concentrations and colon 

cancer risk was not statistically significant [4, 7, 8]. However, the Health Professionals 

Follow-up Study (HPFS) observed a statistically significant increased risk of colon cancer 

with higher IL-6 concentrations [5]. When we synthesized the results of the six studies in a 

meta-analysis, we observed a borderline statistically significant summary RR of 1.22 (95 % 

CI 1.00–1.49) per 1 U change in ln IL-6 concentrations without substantial between-study 

heterogeneity. It is important to note that the two cohorts (CLUE II and HPFS) that observed 

significant increased risks of IL-6 and colon cancer risk also reported that those estimates 

were attenuated (the results in CLUE II remained significant) after excluding cases 

occurring within 2 or 5 years of the baseline blood draw. Future large prospective studies are 

warranted to confirm whether IL-6 concentrations are associated with colon cancer risk.

The association between IL-6 concentrations and rectal cancer risk was not statistically 

significant in the CLUE II cohort, but the point estimate was below unity, and this finding 

was significantly different from the association observed for colon cancer risk. Five studies 

sent us results for rectal cancer risk, and they were all quite homogeneous with estimates 

below unity without reaching statistical significance [4, 5, 7, 8]. When we synthesized the 

results of the six studies, the summary association was statistically significantly inverse (RR 

0.69; 95 % CI 0.54–0.88). Findings suggesting possible inverse relationships between IL-6 

concentrations and cancer risk are intriguing, but have no easy explanations. Increased IL-6 

concentrations may reflect both the level of inflammatory status and an attempt by the host 

to suppress tumor formation or growth. Another explanation may involve the biologic 

differences of the colon and the rectum, but when we excluded rare histologies (e.g., 

squamous cell carcinomas) from the rectal cancer analysis, the results remained identical. 

The inverse finding could be also due to chance or bias, because it was based on only 271 

rectal cancer cases and we found evidence of small-study effects in the meta-analysis, where 

the smaller studies observed stronger inverse estimates, which offer a hint for possible 
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publication and other selective reporting biases, but they may also reflect genuine 

heterogeneity, chance, or other reasons for differences between small and large studies [14].

There is ample evidence suggesting an association between inflammation and colorectal 

neoplasia. Animal models and mechanistic studies implicate inflammation as a risk factor 

for colorectal cancer [15–17]. In addition, patients with inflammatory bowel disease are at 

increased risk of developing colorectal cancer [18], and regular aspirin or NSAID use 

reduces colorectal cancer risk or adenoma recurrence [19–22]. However, epidemiological 

studies of inflammatory biomarkers, like CRP and TNF-a, have observed mixed results [23–

29]. A meta-analysis that our team conducted in 2008 found that increased circulating CRP 

concentrations were weakly associated with an increased risk of colorectal cancer [30]. 

More recently, two prospective studies reported an increased risk of colorectal cancer with 

higher CRP concentrations [31, 32], whereas four other prospective studies reported no 

significant association [4, 5, 8, 33]. An updated meta-analysis published in 2014 reported 

that CRP concentrations were weakly associated with an increased risk of colorectal and 

colon cancer, but not with rectal cancer risk [34]. When we investigated whether increased 

CRP is marking colonic inflammation, we found no such association in a colono-scopy-

based study, which implies that CRP may be marking systemic factors that influence 

colorectal cancer risk or that the observational associations between CRP and colorectal 

cancer may be afflicted by biases. Further evidence from some Mendelian randomization 

studies has reported that the association between CRP concentration and risk of colorectal 

cancer may not be causal (free of biases) after using CRP genotypes as instruments of the 

blood concentrations [35, 36], although this evidence was not entirely consistent in other 

Mendelian randomization studies [37, 38]. An empirical evaluation of the cancer 

epidemiology literature that our team conducted in 2012 identified a statistically significant 

excess of positive studies, suggesting potentially the presence of selective reporting biases, 

among articles that investigated the association between biomarkers of inflammation and 

cancer risk [39]. More studies and individual-level data pooled analysis thereof are 

warranted to elucidate the potential association of plasma IL-6 with colonic inflammation 

and colorectal cancer risk.

Several factors should be considered in the interpretation of our findings. The strengths of 

our study include its prospective design and highly complete follow-up rate, that IL-6 was 

measured prediagnostically, and that almost all colorectal cancer cases were pathologically 

confirmed. Our study also has potential limitations. A single measurement of IL-6 does not 

necessarily represent an average concentration over time for this biomarker, and this might 

have caused regression dilution bias. However, IL-6 concentrations have been shown to be 

generally stable over time [40]. Moreover, plasma IL-6 might not be well correlated with 

tissue-specific inflammation that is most relevant for colorectal carcinogenesis. In addition, 

it is always possible that inadequate control for potential confounders may influence 

findings of epidemiological studies, but we have measured and adjusted for many potential 

confounders in the current study.

In summary, our findings provide support for a modest positive association between 

circulating IL-6 concentration and colon cancer risk. More work is needed to determine 
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whether IL-6 is a valid marker of colorectal inflammation and whether and how such 

inflammation contributes to colon and rectal cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow diagram of the study selection process
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Fig. 2. 
Forrest plot of the seven studies included in the meta-analysis of pre-diagnostic IL-6 

concentrations and risk of colorectal, colon and rectal cancer

Kakourou et al. Page 14

Cancer Causes Control. Author manuscript; available in PMC 2016 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kakourou et al. Page 15

Table 1

Baseline characteristics of colorectal cases and matched controls in the CLUE II cohort of Washington 

County, Maryland, 1989

Characteristics Cases (n = 173) Controls (n = 345) p valuea

Age (years), mean (SD) 63.5 (11.3) 63.3 (11.4) Matched

Men [n (%)] 77 (44.5) 154 (44.6) Matched

White [n (%)] 168 (97.1) 337 (97.7) Matched

First-degree family history of CRC [n (%)] 17 (9.8) 18 (5.2) 0.06

Years of school completed, mean (SD) 11.5 (3.0) 11.9 (3.2) 0.16

BMI at recruitment (kg/m2), mean (SD) 26.5 (4.4) 25.9 (3.9) 0.17

BMI at age 21 (kg/m2), mean (SD) 21.9 (4.4) 21.4 (2.9) 0.11

Cigarette smoking status [n (%)]

    Current 21 (12.1) 42 (12.2) 0.44

    Former 68 (39.3) 119 (34.5)

    Never 84 (48.6) 184 (53.3)

Use (in the past 48 h) of NSAIDs [n (%)] 36 (20.8) 105 (30.4) 0.02

Ever use of female hormones [n (%)]b 21 (21.9) 57 (29.8) 0.13

Use of diabetes medications [n (%)] 14 (8.1) 12 (3.5) 0.03

Use of cholesterol-lowering medications [n (%)] 17 (9.9) 20 (5.8) 0.08

History of inflammatory bowel disease [n (%)] 2 (1.2) 3 (0.9) 0.75

Daily intake (g), mean (SD)c

    Red meat 72.8 (58.9) 69.8 (73.1) 0.47

    Alcohol 3.4 (9.6) 5.6 (15.6) 0.19

Plasma interleukin-6 (pg/mL), median (IQR) 2.3 (1.5–3.6) 1.9 (1.3–3.0) 0.03

Plasma C-reactive protein (mg/dL), median (IQR) 0.24 (0.13–0.55) 0.19 (0.09–0.37) 0.01

SD standard deviation, CRC colorectal cancer, BMI body mass index, NSAID nonsteroidal anti-inflammatory drug, IQR inter-quartile range

a
Conditional logistic regression models accounting for the matched design. Highly skewed characteristics were transformed using the natural 

logarithm and were summarized using the median and IQR

b
Use of oral contraceptives or hormone replacement therapy based on 96 female cases and 191 matched controls

c
Based on the participants who completed the food frequency questionnaire (151 cases and 335 matched controls)
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Table 2

Age- and sex-adjusted baseline characteristics according to thirds of circulating interleukin-6 among controls 

in the CLUE II cohort of Washington County, Maryland, 1989

Characteristics Thirds of interleukin-6 (pg/mL) p valuea

Lowest (≤1.40) Second (1.41–2.56) Third (≥2.57)

Age (years), mean 61.5 63.9 64.4 0.05

Men (%) 36.5 47.0 50.6 0.03

First-degree family history of CRC (%) 3.2 8.0 4.4 0.67

Years of school completed, mean 12.3 11.8 11.7 0.15

BMI at recruitment (kg/m2), mean 24.2 26.1 27.5 <0.01

BMI at age 21 (kg/m2), mean 21.4 21.2 21.7 0.42

Ever cigarette smokers (%) 45.2 44.4 49.5 0.54

Use (in the past 48 h) of NSAIDs (%) 30.0 32.8 27.3 0.65

Ever use of female hormones (%)b 24.3 30.1 21.3 0.76

Use of diabetes medications (%) 3.1 4.0 1.1 0.27

Use of cholesterol-lowering medications (%) 5.6 4.9 5.6 0.99

Red meat (g/day), meanc 67.4 68.6 73.3 0.54

Alcohol (g/day), meanc 6.3 4.3 6.2 0.96

CRC colorectal cancer, BMI body mass index, NSAID nonsteroidal anti-inflammatory drug

a
Linear or logistic regression models adjusted for age at recruitment and gender

b
Use of oral contraceptives or hormone replacement therapy based on 191 female controls

c
Based on the participants who completed the food frequency questionnaire (335 controls)
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Table 3

Odds ratios (OR) and 95 % confidence intervals (CI) of colorectal cancer according to thirds of the 

distribution of circulating interleukin-6 in the CLUE II cohort of Washington County, Maryland, 1989

Thirds of interleukin-6 (pg/mL) p value for trenda

Lowest (≤1.40) Second (1.41–2.56) Third (≥2.57)

Colorectal cancer

  Cases/controls (n) 34/117 72/113 67/115

  OR (95 % CI)b 1.00 (ref) 2.17 (1.35–3.51) 2.09 (1.26–3.46) <0.01

  OR (95 % CI)c 1.00 (ref) 1.87 (1.13–3.11) 1.76 (1.01–3.06) 0.07

Colon cancer

  Cases/controls (n) 19/81 52/81 53/85

  OR (95 % CI)b 1.00 (ref) 2.74 (1.50–5.01) 2.80 (1.50–5.25) <0.01

  OR (95 % CI)c 1.00 (ref) 2.55 (1.35–4.81) 2.48 (1.26–4.87) 0.02

Rectal cancer

  Cases/controls (n) 15/36 19/32 14/28

  OR (95 % CI)b 1.00 (ref) 1.42 (0.62–3.24) 1.18 (0.47–2.99) 0.65

  OR (95 % CI)c 1.00 (ref) 0.90 (0.33–2.42) 0.77 (0.25–2.40) 0.65

a
Interleukin-6 was entered into the model as a single ordinal variable with values corresponding to the thirds of its distribution among controls

b
From a conditional logistic regression model with the interleukin-6 concentration entered as a series of indicator variables corresponding to thirds 

of its distribution among the controls. Cases and controls were matched on age, sex, race, date of blood draw, and time since the last meal

c
As inb but further adjusted for years of education, cigarette smoking status, body mass index at baseline, use of aspirin or nonsteroidal anti-

inflammatory drugs, use of diabetes medications, family history of colorectal cancer, and use of oral contraceptives or hormone replacement 
therapy in women
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Table 4

Risk of colorectal cancer according to a 1-unit increase in the natural logarithm of interleukin-6 concentration 

in subgroups in the CLUE II cohort of Washington County, Maryland, 1989

Cases/controls Odds ratio (95 %
confidence interval)a

p value for interaction/
heterogeneity

All colorectal cancer 173/345 1.21 (0.94–1.56)

Adjustment for CRP 172/343 1.17 (0.88–1.55)

Stage I or II CRC 68/345 1.19 (0.84–1.67)

Stage III or IV CRC 55/345 1.32 (0.87–2.01) 0.71b

Age < 66 years 83/167 1.05 (0.73–1.52)

Age ≥ 66 years 90/178 1.43 (0.99–2.08) 0.45

Men 96/191 0.91 (0.63–1.32)

Women 77/154 1.61 (1.11–2.35) 0.11

BMI < 25 kg/m2 69/152 1.70 (1.10–2.63)

BMI ≥ 25 kg/m2 104/193 1.05 (0.76–1.44) 0.23

Users of aspirin/NSAIDs 36/105 1.01 (0.54–1.90)

Nonusers of aspirin/NSAIDs 137/240 1.26 (0.94–1.68) 0.64

Never smokers 84/184 1.35 (0.95–1.93)

Ever smokers 89/161 1.08 (0.73–1.60) 0.40

CRP < 0.2 mg/dL 72/176 0.89 (0.57–1.38)

CRP ≥ 0.2 mg/dL 100/167 1.33 (0.95–1.87) 0.13

Joint third analysis IL-6/CRP

  Third 1/third 1 17/65 1.00 (ref)

  Third 1/third 2 10/37 0.96 (0.39–2.40)

  Third 1/third 3 6/13 1.92 (0.61–6.07)

  Third 2/third 1 18/31 2.07 (0.91–4.72)

  Third 2/third 2 27/46 1.97 (0.94–4.14)

  Third 2/third 3 27/36 2.69 (1.22–5.92)

  Third 3/third 1 4/18 0.80 (0.23–2.75)

  Third 3/third 2 23/32 2.60 (1.17–5.77)

  Third 3/third 3 40/65 2.03 (0.97–4.28) 0.45

Exclude cases occurring within 2 years of baseline blood draw 135/345 1.12 (0.85–1.48)

Exclude cases occurring within 5 years of baseline blood draw 82/345 1.09 (0.78–1.52)

All colon cancer 124/345 1.50 (1.12–2.01) 0.01b

Adjustment for CRP 123/343 1.40 (1.01–1.94)

Stage I or II CRC 48/345 1.53 (1.02–2.29)

Stage III or IV CRC 46/345 1.40 (0.89–2.19) 0.77

Age < 66 years 59/167 1.60 (1.02–2.52)

Age ≥ 66 years 65/178 1.39 (0.92–2.10) 0.17

Men 66/191 1.16 (0.75–1.81)

Women 58/154 1.88 (1.23–2.87) 0.19

BMI < 25 kg/m2 49/152 1.89 (1.16–3.09)
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Cases/controls Odds ratio (95 %
confidence interval)a

p value for interaction/
heterogeneity

BMI ≥ 25 kg/m2 75/193 1.28 (0.88–1.86) 0.26

Users of aspirin/NSAIDs 28/105 1.15 (0.59–2.26)

Nonusers of aspirin/NSAIDs 96/240 1.57 (1.12–2.20) 0.42

Never smokers 58/184 2.06 (1.34–3.18)

Ever smokers 66/161 1.17 (0.76–1.80) 0.11

CRP < 0.2 mg/dL 46/176 1.26 (0.72–2.21)

CRP ≥ 0.2 mg/dL 77/167 1.50 (1.03–2.19) 0.53

Joint third analysis IL-6/CRP

  Third 1/third 1 8/65 1.00 (ref)

  Third 1/third 2 5/37 1.04 (0.30–3.58)

  Third 1/third 3 5/13 3.75 (1.00–14.0)

  Third 2/third 1 9/31 2.24 (0.76–6.60)

  Third 2/third 2 21/46 3.41 (1.35–8.62)

  Third 2/third 3 22/36 5.09 (1.93–13.4)

  Third 3/third 1 4/18 1.83 (0.48–7.02)

  Third 3/third 2 17/32 4.08 (1.53–10.9)

  Third 3/third 3 32/65 3.70 (1.46–9.33) 0.12

Exclude cases occurring within 2 years of baseline blood draw 98/345 1.44 (1.06–1.98)

Exclude cases occurring within 5 years of baseline blood draw 61/345 1.46 (1.01–2.13)

a
From a logistic regression model according to a 1-U increase in the natural logarithm of interleukin-6 concentration adjusted for the matching 

variables (age, sex, race, date of blood draw, and time since the last meal), and further adjusted for years of education, cigarette smoking status, 
body mass index at baseline, use of aspirin or nonsteroidal anti-inflammatory drugs, use of diabetes medications, family history of colorectal 
cancer, and use of oral contraceptives or hormone replacement therapy in women

b
p values for heterogeneity using the Cochran’s Q test comparing risk estimates by stage (I/II vs. III/IV) and anatomical location (colon vs. rectal) 

of colorectal cancer. The remaining p values are for evaluating interactions in subgroup analyses by age, sex, BMI, aspirin/NSAID use, smoking, 
and CRP and are calculated using the Wald test
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