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Abstract

Background—There is convincing evidence that high physical activity lowers the risk of colon
cancer; however, the underlying biological mechanisms remain largely unknown. We aimed to
determine the extent to which body fatness and biomarkers of various biologically plausible
pathways account for the association between physical activity and colon cancer.

Methods—We conducted a nested case-control study in a cohort of 519,978 men and women
aged 25 to 70 years followed from 1992 to 2003. A total of 713 incident colon cancer cases were
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matched using risk-set sampling to 713 controls on age, sex, study center, fasting status, and
hormonal therapy use. The amount of total physical activity during the past year was expressed in
metabolic equivalent of task [MET]-hours/week. Anthropometric measurements and blood
samples were collected at study baseline.

Results—High physical activity was associated with a lower risk of colon cancer (Relative Risk
>91 MET-hours/week versus < 91 MET-hours/week = 0.75 [95% Confidence Interval (CI): 0.57 to 0.96]. In
mediation analyses, this association was accounted for by waist circumference [proportion
explained effect (PEE) = 17%; ClI: 4% to 52%] and the biomarkers soluble leptin receptor (SOB-R)
[PEE = 15%; 95% CI: 1% to 50%] and 5-hydroxyvitamin D (25[OH]D) [PEE = 30%; 95% CI:
12% to 88%]. In combination, these factors explained 45% (95% CI: 20% to 125%) of the
association. Beyond waist circumference, SOB-R and 25[OH]D additionally explained 10% (95%
Cl: 1%; 56%) and 23% (95% CI: 6%; 111%) of the association, respectively.

Conclusion(s)—Promoting physical activity, particularly outdoors, and maintaining metabolic
health and adequate vitamin D levels could represent a promising strategy for colon cancer
prevention.

Accumulating evidence has emerged suggesting an association between physical activity and
lower risk of colon cancer [1-4]. This association has been observed in both men and
women, at various ages and across various physical activity exposures [e.g. occupational and
leisure time activity] [5]. In line with this research, data from the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort suggested a 22% lower risk of colon
cancer among the most active participants compared with the most inactive ones [6].

Despite accumulated evidence, the underlying biological mechanisms for this association
remain unclear. Physical activity can be associated with weight reduction and thereby may
be implicated in a number of beneficial actions such as favorable modulation of
hyperinsulinemia, chronic low-grade inflammation and abnormal adipokine secretion [7].
However, pathways other than weight control per se may also account for this association
[8], including changes in endogenous hormone levels and growth factors [9], and possibly
changes in immune function [10]. Moderate physical activity has also been considered an
important factor in reducing oxidative stress [11, 12]. Low plasma 25-hydroxy-vitamin D
(25[OH]D) concentrations have been associated with a higher risk of colon cancer, and
physical activity (i.e. outdoor physical activity) might therefore also reduce colon cancer risk
by improving vitamin D status through sun exposure [13, 14].

So far, there have been no studies to evaluate mediating factors on the observed association
between physical activity and colon cancer. Such knowledge may aid in gaining insights on
causality, as well as in providing research base for formulating targeted cancer prevention
strategies. We therefore explored to what extent body fatness, as well as biomarkers of
various biological pathways may account for the observed inverse association between
physical activity and colon cancer using data from the EPIC cohort.
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Methods

Study population

EPIC is a prospective cohort study including 366,521 women and 153,457 men aged 25 to
70 years from 23 study centers in 10 European countries [15, 16]. At enroliment, between
1992 and 2000, participants gave written informed consent, provided blood samples,
underwent anthropometric measurements, and completed questionnaires on socio-
demographic and lifestyle characteristics [16],[17]. Ethics approval was obtained from the
ethics review board of the International Agency for Research on Cancer (Lyon, France) and
the local review boards pertaining to the participating institutions.

Nested case-control study

The present analyses are based on a nested case-control study within the EPIC cohort
comprising 713 incident colon cancer cases and 713 controls. Incident cancer cases were
identified through record linkage with regional cancer registries or based on a combination
of methads, including health insurance records, cancer and pathology registries, and active
follow-up through study subjects and their next-of-kin. Closure dates for the present study
ranged from December 1999 to June 2003 for centers using registry data, and from June
2000 to December 2002 for centers using active follow-up procedures. First incident colon
cancers were defined following the 10th Revision of the International Statistical
Classification of Diseases, Injury and Causes of Death (C18.0-C18.7). For each case, one
control participant was chosen at random among risk sets consisting of all cohort members
free of cancer (except non-melanoma skin cancer) at the time of diagnosis of the index case.
Matching characteristics were study center, sex, age, time at blood collection, fasting status;
and among women, menopausal status and current hormonal therapy use.

Assessment of physical activity

A description of the physical activity ascertainment used in the EPIC study and
questionnaire validity assessment has been provided in detail elsewhere [6, 18]. The EPIC
questionnaire assesses past-year physical activity in occupational, leisure and household
domains. For recreational and household activities, participants reported the duration of
activities during a typical week in the past year, in summer and winter season. Household
activities included housework, home repair, gardening and stair climbing. Recreational
activities included walking, cycling and sports activities. A metabolic equivalent of task
(MET) value — was assigned to each reported activity according to the Compendium of
Physical Activities [19]. As previously described, the mean numbers of hours per week of
summer and winter household and recreational activities were estimated and then multiplied
by the appropriate MET values to obtain MET-hours per week of activity [6]. The assigned
MET values (using the EPIC data manual guidelines) were 3.0 for walking and housework,
4.0 for gardening, 4.5 for home repair (do-it-yourself work), 6.0 for cycling and sports, and
8.0 for stair climbing. In the previous EPIC analysis none of the different types of physical
activity accounted for the inverse association of total physical activity with colon cancer risk
[6], therefore total physical activity was considered as main exposure variable in mediation
analyses.
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Biomarker assessment

In the EPIC study, blood samples were collected from about 65% of women and 93% of
men, and were processed, aliquoted into heat-sealed straws, and stored in liquid nitrogen
freezers [-196°C][20]. Biomarkers in the following pathways were evaluated: metabolic
dysfunction [glycated hemoglobin (HbAlc), C-peptide], insulin growth factors [IGF-1,
IGFBP 1,IGFBP2, IGFBP3], adipokine secretion [adiponectin, high molecular weight
(HMW)-adiponectin, non-HMW-adiponectin, leptin, soluble leptin receptor (sOB-R)], lipid
metabolism [high density lipoprotein (HDL)-cholesterol, triglycerides, cholesterol, low-
density lipoprotein (LDL)-cholesterol], oxidative stress [reactive oxygen metabolites
(ROM), ferritic reduced ability of plasma (FRAP)], vitamin D metabolism [25[OH]D,
parathyroid hormone (PTH)], inflammation and immune response [C-reactive protein
(CRP), neopterin]. The blood collection and processing protocols [16] and detailed
measurements of all biomarkers included in the analysis have been described elsewhere [21],
[22], [23], [24], [25], [26], [27], [28], [29], [30], [31]. For part of the biomarkers missing
values have been detected (Supplementary Table 1), however there were no essential
differences in the main study characteristics of participants with and without missing data. In
order to preserve statistical power of the mediation analyses we imputed these values with
respective sex and case control status specific mean values (simplified imputation). Multiple
imputation conducted under the assumption that the values are missing at random and
complete case analyses yielded similar results as simplified imputation.

Statistical analysis

The potential mediating factors were selected following the formal criteria of Baron and
Kenny [1986] [32, 33] namely these were biomarkers associated with physical activity as
well as with the risk of colon cancer after adjusting for physical activity. Figure 1 illustrates
a path diagram as a model for depicting a basic causal chain involved in mediation. This
model assumes a three-variable system such that there are two paths feeding into the
outcome variable: the direct impact of the independent variable [IV (physical activity)] on
the dependent disease variable [DV (colon cancer)] and the indirect path from the 1V to the
DV via the mediating variables [MV-s]. In order to assess mediation we applied the causal
steps approach as previously described [32, 33]. To facilitate the interpretation of the
mediation analyses the IV was considered in two levels: “high vs low physical activity” using
an arbitrary cut point denoting lowest risk estimate within the 75! percentile of the MET
variable distribution.

In Step 1, the association between 1V and DV was evaluated using multivariable-adjusted
conditional logistic regression model taking into account matching factors: age, sex, study
centre, follow-up time since blood collection, time of the day at blood collection and fasting
status; in women further matching by menopausal status, phase of menstrual cycle at blood
collection and in postmenopausal women hormonal replacement therapy use. The model is
further adjusted for education (no school degree or primary school, technical or professional
school, secondary school, university degree, or unknown), smoking status (never, past,
current, or unknown), alcohol intake (continuous), fruit and vegetable intake (g/day), fish
and shellfish intake (g/day), fibre intake (g/day), red and processed meat intake (g/day) and
high physical activity (>91 MET-hours per week of total activity).

Int J Epidemiol. Author manuscript; available in PMC 2018 November 19.
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In Step 2, the cross-sectional associations between MV-s (continuous) and IV
(dischotomous) among controls were evaluated using Point-biserial correlation analysis
adjusted for age at study recruitment, sex, education and lifestyle factors as covariates from
the multivariable-adjusted model.

In Step 3, associations of MV-s and DV were evaluated in the multivariable-adjusted model
with additional adjustment for IV. Linear trends were evaluated using restricted cubic spline
regression models and potential non-linearity of the associations was evaluated using a
likelihood ratio test.

In Step 4, mediation effects of MV-s were estimated as proportion of explained effect (PEE)
calculated by adding one at a time individual MV-s to the multivariable-adjusted model
using the difference of coefficients method [34, 35]. This approach is based on the formula
WlSindirect efiect = L(B - B1)/B]*100, in which the effect (B) is the multivariable-adjusted log
relative risk of the association between IV and DV and the effect (1) denotes the same
model additionally including the MV. Finally, the combined mediation effect of important
mediators was evaluated. In order to evaluate significance of the observed effect changes, we
calculated corresponding 95% Cls based on Fieller’s theorem [36].

In sensitivity analyses, we repeated the main multivariable-adjusted analysis after excluding
cases diagnosed in the first 2 years of study follow up, participants with type 2 diabetesand
with reported cardio-vascular problem at study baseline, non-fasting participants, and dietary
supplement users. In additional analyses aimed to test for potential exposure-mediator
interaction, we included a cross-product term of variables for physical activity and
biomarkers in the multivariable adjusted model for colon cancer and evaluated statistical
interaction on the multiplicative scale. All statistical analyses were performed using
Statistical Analysis System (SAS), Version 9.2, software (SAS Institute, Inc., Cary, North
Carolina).

The baseline characteristics of incident colon cancer cases and their corresponding controls
are presented in Table 1. On average, colon cancer cases had lower levels of total physical
activity and higher BMI and waist circumference compared to controls. They also had
higher alcohol intake, HbA1, triglycerides, ROM, FRAP, PTH, and CRP; lower non-HMW-
adiponectin, sOB-R, HDL-cholesterol, 25[OH]D, and neopterin. The age- and sex-adjusted
correlations among the biomarkers are presented in Supplementary Table 2.

In a multivariable-adjusted model, high physical activity was associated with a lower risk of
colon cancer compared to low-medium physical activity (cut point of MET variable
distribution at 75™ percentile, RR = 0.75 (95% CI: 0.57-0.96; 2= 0.0001 [Mediation
analysis Step 1].

Table 2 presents the Point-biserial correlations of high physical activity with potentially
mediating factors and among controls [Mediation analysis Step 2]. After adjustment for age,
sex, education and lifestyle factors, high physical activity was inversely correlated with waist
circumference, C-peptide, PTH, CRP and neopterin, whereas positive correlations were
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observed with IGFBP-1, sOB-R, LDL-cholesterol and 25[OH]D. Overall, the correlation
coefficients were of weak to moderate magnitude.

Table 3 presents the multivariable-adjusted relative risks of colon cancer associated with
individual mediating factors additionally adjusted for physical activity [Mediation analysis
Step 3]. Corresponding to previously published data, most of the investigated biomarkers
were associated with risk of colon cancer in the expected direction. For neopterin, a non-
linear risk association was observed.

Table 4 presents the results from the analyses aimed to quantify mediating effects of
individual biomarkers [Mediation analysis Step 4]. These analyses revealed that the
observed association between physical activity and colon cancer was accounted for by waist
circumference [PEE = 17% (95% CI: 4%; 52%)], and the biomarkers 25[OH]D [PEE = 30%
(95% CI: 12%; 88%)] and sOB-R [PEE = 15% (95% CI: 1%; 50%)]. In combination, these
factors explained 45% (95% CI: 20%; 125%) of the association. We further tested whether
biomarkers statistically explain the association beyond waist circumference. In these
analyses, sOB-R, 25[OH]D and neopterin additionally explained 10% (95% CI: 1%; 56%)
and 23% (95% CI: 6%; 111%) of the association, respectively.

We additionally evaluated whether reported dietary vitamin D intakes could explain the
association beyond circulating concentrations of 25[OH]D, however adding this variable to
the model did not virtually change effect estimates [PEE =1% (95% CI: -11; 3)]. Further, a
pronounced mediation effect was observed for the immune response biomarker neopterin,
albeit influencing risk estimates in the opposite direction [PEE = -30%]. Beyond waist
circumference neopterin further explained 34% of the association. In order to understand the
opposing mediation effect for neopterin, we evaluated the mediating effects of very low and
very high neopterin levels defined based on the lowest and highest deciles of neopterin
distribution in controls. When the respective variables were added to the multivariable
adjusted model, we observed a negative mediation effect for the lowest neopterin level [PEE
=-35% (95% CI: -119; - 1)], whereas a positive mediation effect for the highest level [PEE
=29% (95% CI: -1; 100)].

In additional analyses aimed to evaluate potential exposure-mediator interactions, no
statistically significant interaction on the multiplicative scale was revealed between physical
activity and biomarkers in relation to colon cancer risk. In sensitivity analyses, no substantial
differences in main results were observed after excluding people diagnosed with cancer
during the first two years of study follow-up, participants with diagnosed diabetes or with
reported cardio-vascular problem at study baseline, non-fasting participants and dietary
supplement users (data not shown).

Discussion

These data suggest that the inverse association between physical activity and colon cancer
risk could be accounted for by the potential beneficial actions of physical activity on
reducing abdominal fatness and modulating metabolic and immune status. Furthermore,
induced vitamin D synthesis could play an essential role as an explanatory mechanism. To
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our knowledge, this is the first attempt to evaluate the role of various potentially mediating
factors on the association between physical activity and colon cancer, thereby bridging
mechanistic insights with epidemiological evidence.

Numerous studies have examined associations between physical activity and cancer risk
confirming reduced risks for colon cancer [5, 37]. The beneficial effects of physical activity
in controlling weight have been most commonly suggested explanation for this association
[38]. However, our data challenged this common notion putting forward more specific
explanatory mechanisms.

In our analyses the association between physical activity and colon cancer risk changed little
when adjusted for body mass index. In contrast, a mediating role has been revealed for waist
circumference. Despite highly correlated, BMI and waist circumference represent different
obesity phenotypes related to body composition and body fat distribution and have been
differentially associated with colon cancer. Epidemiological studies, including EPIC data,
consistently revealed a prominent role of waist circumference as compared to BMI for the
risk of colon cancer [38, 39]. Waist circumference is an indicator for abdominal obesity
closely associated with insulin resistance. In this context, regular physical activity was
particularly suggested to reduce waist circumference and induce insulin sensitivity
independent of changes in body weight [40-42]. For example, an intervention trial among
sedentary individuals reported that physical activity without weight loss increased insulin
sensitivity and favorably modulated other metabolic features [40]. Randomized control trials
further demonstrated that weight loss induced by increased daily physical activity without
caloric restriction substantially reduce abdominal obesity and insulin resistance in obese
men [42] and women [43].. The specific effects of physical activity in reducing central
obesity was further demonstrated in a a recent meta-analysis of 13 clinical trials [44]. A
favorable role of physical activity on various metabolic features was also supported by two
meta-analyses of prospective cohort studies [45, 46]. However, whether additional metabolic
factors play a special role in the link between physical activity and colon cancer beyond
abdominal obesity per se is less studied. We found this to be the case for sOB-R.

sOb-R binds to leptin in human blood and modulates its bioavailability depending on certain
metabolic conditions [47], [48]. Our previous work has shown that lower sOB-R
concentrations are associated with a higher risk of colon cancer independent of obesity [27],
as well as suggested sOB-R to be an important statistical mediator of the association of
colon cancer with waist circumference and weight gain in adult life [49]. Of note, no such
links have been revealed for BMI and leptin [27, 49]. Here, we further report on a cross-
sectional positive association between sOB-R and physical activity; however, more research
is needed to identify specific physical activity interventions on circulating sOB-R and
understand how physical activity may influence the interplay between adipose tissue
hormones and cancer.

Remarkably, our work further highlighted the role of vitamin D as an important mediator of
the association between physical activity and colon cancer, acting beyond observed
mediating effects of waist circumference. Previous research has highlighted the relationship
between vitamin D levels and sun exposure during outdoor physical activity [13]. At the
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same time, leisure-time physical activity was recently suggested to play a particularly
important role in colorectal cancer in a study pooling data on 1.44 million people from the
United States and Europe [50]. Since the major source of vitamin D in human circulation is
exposure to natural sunlight, herewith we speculate that the observed mediating role of
vitamin D in the risk for colon cancer may be due to increased levels of outdoor recreational
activity [51]. However, in the EPIC cohort, none of the different types of physical activity
considered (occupational, household or recreational) independently explained the inverse
association with colon cancer[6]. More sensitive analyses are therefore needed to elucidate
the relationship between different types of outdoor physical activity, vitamin D status and
colon cancer risk. In mechanistic studies, vitamin D was suggested to exert a number of anti-
carcinogenic effects, including decreasing cell proliferation and enhancing cell
differentiation, inhibiting the growth of new blood vessels, and exerting anti-inflammatory
and immune-regulatory properties [51, 52]. Although more research is needed, promoting
physical activity, especially outdoors, and assuring adequate vitamin D levels seem to
represent promising strategies for colon cancer prevention.

Finally, our data also suggested that neopterin - a biomarker of cell-mediated immunity -
mediates the association between physical activity and colon cancer in an opposing manner.
This statistical phenomenon known as “inconsistent mediation” might reflect subgroups
within the study population for whom the mediating effects are in opposite directions [53].
We previously reported a J-shaped relationship between neopterin and colon cancer risk,
with both very low (immune suppression) and very high (immune activation) neopterin
concentrations associating with a higher risk of colon cancer [31]. A similar J-shaped
association was suggested for physical activity and immune response in intervention studies,
such that exhaustive physical activity was shown to transiently suppress immune activity,
whereas physical activity at moderate intensity was shown to enhance immune function [12].
Thus, it may be speculated that extreme physical activity levels could rather lead to
suppressed immune activity, and thereby an increased risk of colon cancer. Unfortunately,
intensity of physical activity was not elaborately assessed in our questionnaires. The
interpretation of these data is further complicated by the complex and insufficient evidence
on the role of immunity and physical activity in colon cancer. More detailed analyses are
needed to evaluate the complex interplay between immunity and cancer risk taking into
account intensity, duration and type of physical activity.

Our results should be interpreted in the context of inherent assumptions of statistical
mediation analysis. These analyses were introduced in psychological and social sciences and
further adapted in epidemiology within the framework of causal analysis. Under valid causal
assumptions based on scientific knowledge, mediation analysis addresses the questions of
how and why exposure and outcomes of interest are related. However, inherent limitations of
mediation analysis approach such as bias that may arise from the validity of mediator,
potential for uncontrolled confounding, lack of statistical power or insufficient sample size
and exposure-mediator interaction in the model may influence study conclusions. Our study
also has other limitations that should be considered. Physical activity was assessed based on
self-reported data. However, given the prospective study design, errors in physical activity
are likely to be non-differential with respect to subsequent colon cancer status. We measured
biomarkers at a single time point, which may not reflect habitual long-term levels.
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Nevertheless, in reproducibility studies, evaluated biomarkers have proven to be relatively
stable over time. Furthermore, laboratory assessment method and assay performance could
introduce measurement error in evaluated biomarkers and hereby influenced observed
mediation effects. However, we evaluated biomarkers measured with established bioassays
with low analytical variation. The presence of mediator—exposure interaction can also
influence the results [54]; however in our data no interactions were observed for physical
activity and biomarkers in relation to colon cancer risk.It should be also noted that the
observed mediation effect sizes were relatively small. This may not be surprising due to the
moderate magnitude of the main association. Similarly, weak to moderate correlations were
observed for physical activity with biomarkers of interest. Future studies are needed to
replicate these data and quantify mediation effect sizes in other populations. The presence of
mediator—exposure interaction can also influence the results [54]; however in our data no
significant interaction was observed for physical activity and biomarkers in relation to colon
cancer risk.

Finally, it should be acknowledged that the mediators quantified in our analyses may merely
be statistical intermediates not essentially on the same causal pathway as physical activity. In
this regard, biological plausibility rather than merely statistical evaluation should be leading

in the interpretation of mediation analysis findings.

The main strengths of our study include the prospective design, long duration of follow-up,
detailed information on physical activity and a number of potential confounders, the wide
range of measured biomarkers addressing several potentially causal pathways, and the
inclusion of diverse population groups across Europe.

In conclusion, our findings provide important lines of evidence in understanding the links
between physical activity and risk of colon cancer and suggest that this association could be
at least partially explained by the beneficial effects of physical activity on reducing
abdominal adiposity, and influences on biomarkers of metabolic dysfunction, immunity and
vitamin D metabolism. Promoting physical activity, particularly outdoors, and maintaining
metabolic health and adequate vitamin D levels could therefore represent a promising
strategy for colon cancer prevention.
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Key messages

The inverse association between physical activity and colon cancer risk could
be partially explained by specific properties of physical activity on reducing
abdominal fatness and modulating biomarkers of metabolic dysfunction,
immunity and vitamin D metabolism.

The study provides valid means for utilizing mediation analysis approach in
molecular epidemiology research study setting aimed to provide a
mechanistic understanding of lifestyle-disease associations.

Despite methodological challenge facing the mediation analysis approach, the
study demonstrates that well-phenotyped biomarker studies are able to
provide novel insights on causality and strengthen the evidence-base for the
formulation of targeted disease prevention strategies.

The practical means of the study highlight the promotion of physical activity,
particularly outdoors, and maintaining metabolic health and adequate vitamin
D levels as promising targets for colon cancer prevention.
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Figure 1.

chhematic presentation of suggested mediating role of body fatness and biomarkers of
various biological pathways as explanatory mechanisms of the association between high
physical activity and colon cancer risk

Causal path diagram for the potential indirect effects (c') of the independent variable (1V) -
physical activity - on the dependent variable (DV) - colon cancer - through the hypothesized
mediator variables (MV) - body fatness and biomarkers of various biological pathways

The mediation effect of biomarkers beyond body fatness (d') was evaluated by calculating
proportion of effect explained by each of the biomarkers in a model that included both
physical activity and adiposity measures (body mass index and waist circumference).

Int J Epidemiol. Author manuscript; available in PMC 2018 November 19.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Aleksandrova et al.

Table 1

Baseline characteristics of incident colon cancer cases and matched controls

Colon Cancer

Characteristics Paitference®
Cases (n=713) Controls (n=713)
Socio-demographic characteristics
Female sex, %% 45.4 45.4 0.89
Age, years 58.6 58.6
University degree, % 16.7 175 46
Postmenopausal status, % b 117 1.7 50
Lifestyle and dietary factors
Current smoking, % 22.8 21.0 .26
Baseline alcohol intake, g/day, median (IQR) 7.8 (0.94-20.7) 7.3(1.5-18.2) .02
Hormonal therapy in postmenopausal women, % b 75 8.6 S0
Fibre intake, g/day, median (IQR) 22.3(17.4-27.8) 22.1(18.5-26.9) .68
Fruits and vegetables intake, g/day, median (IQR) 379.1 (241.7-542.2) 398.3 (255.7-558.3) 15
Fish and shellfish, g/day, median (IQR) 25.3 (13.2-43.8) 28.2 (13.6-49.0) 37
Red meat intake, g/day, median (IQR) 44.3 (24.2-73.8) 46.3 (24.3-73.9) .90
Processed meat intake, g/day, median (IQR) 25.1(13.1-41.1) 23.6 (12.6-41.5) .26
Physical activity
Total physical activity, MET-hours/week, median (IQR) 81.0 (4.1-116.5) 83.6 (49.8-114.5) .02
High physical activity€, % 34.6 395 0.04
Adiposity status
BMI, kg/m?, mean (SD) 26.8 (4.4) 26.2 (4.0) .05
Waist circumference, cm, mean (SD) 90.2 (12.9) 87.9(11.8) <.0001
Biomarkers
Glucose metabolism
HbA., %, median (IQR) 5.9 (5.6-6.0) 5.8 (5.6-5.8) .0007
C-peptide, ng/mL, median (IQR) 4.8 (3.1-5.4) 4.6 (3.3-4.6) .26
Insulin growth factor axis
IGF-1, mg/L, median (IQR) 213.6 (174.0-243.2) 211.8 (189.7-221.3) 43
IGFBP1, ng/mL, median (IQR) 14.9 (5.9-15.5) 16.5 (10.6-16.5) 32
IGFBP2, ng/mL, median (IQR) 440.8 (274.5-444.8) 437.9 (356.8-437.9) 56
IGFBP3, ng/mL, median (IQR) 4285.0 (3986.9-4558.7)  4244.3 (4232.4-4277.1) 76
Adipokine secretion
Adiponectin, pg/mL, median (IQR) 6.8 (4.8-9.3) 6.8 (5.0-9.4) 12
HMW-adiponectin, ug/mL, median (IQR) 35(2.2-5.2) 35(2.2-5.2) .95
Non-HMWe-adiponectin, ug/mL, median (IQR) 3.2(2.5-4.1) 3.4 (2.6-4.2) <.0001
Leptin, ng/mL, median (IQR) 9.7 (4.9-18.5) 8.9 (4.8-18.7) .25
SOB-R, ng/mL, median (IQR) 20.2 (16.1-24.1) 21.2 (17.4-26.3) <.0001
Lipid metabolism
HDL-cholesterol, mmol/L, median (IQR) 1.37 (1.11-1.67) 1.42 (1.18-1.73) .001
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Characteristics

Colon Cancer

Cases (n=713)

Controls (n=713)

Paifference®

Triglycerides, mmol/L, median (IQR)
Cholesterol, mmol/L, median (IQR)
LDL-cholesterol, mmol/L, median (IQR)
Oxidative stress

ROM, U/mL, median (IQR)

FRAP, umol/L, median (IQR)
Vitamin D metabolism

25[OH]D, nmol/L, median (IQR)
PTH, pg/mL, median (IQR)
Inflammation and immune response
CRP, mg/L, median (IQR)

Neopterin, nmol/L, median (IQR)

1.42 (1.01-2.15)
6.28 (5.5-7.1)
4.2 (3.5-4.8)

400.0 (350.0-450.0)
1046.0 (868.0-1223.0)

53.8 (39.2-71.3)
31.1 (19.1-49.6)

3.3(1.35.2)
19.2 (11.3-24.5)

1.40 (0.96-2.00)
6.40 (5.6-7.2)
4.2 (3.6-4.9)

382.5 (336.0-428.0)
1018.0 (860.0-1188.0)

58.0 (43.6-78.2)
30.4 (19.8-43.1)

2.6 (1.2-4.3)
20.9 (17.0-22.1)

.05
0.07
0.84

<.0001
.05

.0001
.07

.01
<.0001

Page 18

a . . . . ]
P-values for difference between cases and controls were determined by Student’s paired t-test for variables expressed as means; by Wilcoxon’s
signed rank test for variables expressed as medians, by Mc Nemar’s test and Bowker's test of symmetry for variables expressed as percentages.

b . o
Sex, age, postmenopausal status and hormonal therapy use were among the matching criteria.

cHigh physical activity is defined as >91 MET-hours per week of total activity using a 75th percentile of the variable distribution in the controls as

cut-point.

Abbreviations: N, number; IQR, interquartile range; BMI, body mass index; SD, standard deviation; CRP, C-reactive protein; HbA1, glycated

haemoglobin; IGF-1, insulin growth factor; IGFBP, insulin-like growth factor-binding protein; HMW-adiponectin, high-molecular weight

adiponectin; sOB-R, soluble leptin receptor; HDL-C, high density lipoprotein-cholesterol; LDL-cholesterol, low density lipoprotein cholesterol;
ROM, Reactive oxygen metabolites; FRAP, Ferric reducing ability of plasma; PTH, Parathyroid hormone; 25[OH]D, 25-hydroxy-vitamin D.
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Point-biserial correlation coefficients (rpp.s)* and 95% confidence intervals for high

physical activity? and individual mediating factors (incl. measures of adiposity and
biomarkers of various pathways) among controls (n=713)

Table 2

Mediating factors

High Physical Activity

Ipb 95%CI P-value
Adlposity status
BMI, kg/m? -0.06 -0.14 t0 0.00 0.06
Wiaist circumference, cm -0.20 -0.27t00.13 <0.0001
Glucose metabolism
HbA, % -0.04 -0.11t0 0.03 0.26
C-peptide, ng/mL -0.11 -0.11t0 -0.03 0.003
Insulin growth factor axis
IGF1, mg/L -0.008 -0.08 to 0.06 0.81
IGFBP1, ng/mL 0.11 0.03t00.18 0.003
IGFBP2, ng/mL 0.05 -0.02t0 0.12 0.15
IGFBP3, ng/mL 0.02 -0.05to 0.09 0.55
Adipokine secretion
Adiponectin, pg/mL -0.01 -0.08 to 0.06 0.73
HMW-adiponectin, ug/mL -0.01 -0.08 to 0.06 0.74
Non-HMW-adiponectin, pg/mL 0.02 -0.04t0 0.10 0.47
Leptin, ng/mL -0.03 -0.11t0 0.03 0.33
sOB-R, ng/mL 0.10 0.02t0 0.16 0.02
Lipid metabolism
HDL-cholesterol, mmol/L -0.05 -0.11t0 0.03 0.32
Triglycerides, mmol/L 0.02 -0.04t0 0.10 0.48
Cholesterol, mmol/L 0.03 -0.03t00.11 031
LDL-cholesterol, mmol/L 0.08 0.01t00.16 0.02
Oxidative stress
ROM, U/m L 0.03 -0.03t00.11 0.29
FRAP, pmol/L 0.04 -0.02t0 0.12 0.21
Vitamin D metabolism
25[OH]D, nmol/L 0.10 0.01t00.16 0.01
PTH, pg/mL -0.09 -0.15t0 -0.01 0.02
Inflammation and immune response
CRP, mg/L -0.08  -0.15t0-0.007 0.03
Neopterin, nmol/L -0.06 -0.10 t0 0.00 0.05

Page 19

a, . . . . . .
Adjusted for age at study recruitment, sex, education (no school degree or primary school, technical or professional school, secondary school,
university degree, or unknown), smoking status (never, past, current, or unknown), alcohol intake (continuous), fruit and vegetable intake (g/day),

fish and shellfish intake (g/day), fibre intake (g/day), red and processed meat intake (g/day),

bHigh physical activity is defined as >91 MET-hours per week of total activity using a 75th percentile of the variable distribution in the controls as

cut-point.
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Abbreviations: MET, metabolic equivalent of task; BMI, body mass index; CRP, C-reactive protein; HbA1¢, glycated haemoglobin; IGF-1, insulin
growth factor; IGFBP, insulin-like growth factor-binding protein HMW-adiponectin, high-molecular weight adiponectin; sOB-R, soluble leptin
receptor; HDL-C, high density lipoprotein-cholesterol; LDL-cholesterol, low density lipoprotein cholesterol; ROM, reactive oxygen metabolites;
FRAP, ferric reducing ability of plasma; PTH, parathyroid hormone; 25[OH]D, 25-hydroxy-vitamin D.
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Multivariable-adjusted incidence rate ratios® and 95% confidence intervals for the
association between individual mediating factors (incl. measures of adiposity and
biomarkers of various pathways) and risk of colon cancer

Table 3

Biomarkers IRR 95% ClI P-value
Adiposity status

High BMI, kg/m20 140 10410187 .01
High waist circumference, cm¢ 153 12010195 005
Metabolic dysfunction

HbA, % 377 147t09.64 .004
C-peptide, ng/mL 1.03 0.85t01.24 74
Insulin growth factor axis

IGF-1, mg/L 097 0.73t01.27 .87
IGFBP, ng/mL 0.79 0.71t00.88 <.0001
IGFBP2, ng/mL 091 0.79to 1.06 15
IGFBP3, ng/mL 1.07 0.64t01.80 .66
Adipokine secretion

Adiponectin, pg/mL 0.86 0.71to01.02 .09
HMW-adiponectin, pg/mL 0.99 0.96t01.02 .60
Non-HMWe-adiponectin, ug/mL 0.65 052t00.82 0.0002
Leptin, ng/mL 1.09 0.98t01.20 .10
sOB-R, ng/mL 0.57 0.46t00.73 <.0001
Lipid metabolism

HDL-cholesterol, mmol/L 0.64 0.48100.85 .002
Triglycerides, mmol/L 113 097t01.31 .10
Cholesterol, mmol/L 082 054t01.25 .27
LDL-cholesterol, mmol/L 090 0.67t01.21 .39
Oxidative stress

ROM, U/mL 247 159t03.84 <.0001
FRAP, pmol/L 1.26 0.88t01.80 .20
Vitamin D metabolism

25[OH]D, nmol/L 0.71 0.60t0o0.85 0.0002
PTH, pg/mL 1.00 0.99t01.01 15
Inflammation and immune response

CRP, mg/L 107 100to1.15 .06

Neopterin, nmol/LY
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aThe multivariable-adjusted model in conditional logistic regression takes into account matching factors: age, sex, study centre, follow-up time

since blood collection, time of the day at blood collection and fasting status; in women further matching by menopausal status, phase of menstrual
cycle at blood collection and in postmenopausal women hormonal replacement therapy use. The model is further adjusted for education (no school
degree or primary school, technical or professional school, secondary school, university degree, or unknown), smoking status (never, past, current,

or unknown), alcohol intake (continuous), fruit and vegetable intake (g/day), fish and shellfish intake (g/day), fibre intake (g/day), red and
processed meat intake (g/day) and high physical activity (>91 MET-hours per week of total activity).
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bDefined based on BM|230kg/m2.
cDefined based on waist circumference =94 in men and =80 cm according to established cut-points for European populations.

Data examination revealed a non-linear association for neopterin and colon cancer in a restricted cubic spline regression model (2 non-linearity
<0.0001) which precludes continuous data modeling.

Abbreviations: IRR, incidence rate ratio; Cl, confidence intervals; CRP, C-reactive protein; HbA1¢, glycated haemoglobin; IGF-1, insulin growth

factor; IGFBP, insulin-like growth factor-binding protein; HMW-adiponectin, high-molecular weight adiponectin; sOB-R, soluble leptin receptor;
HDL-C, high density lipoprotein-cholesterol; LDL-cholesterol, low density lipoprotein cholesterol; ROM, reactive oxygen metabolites; FRAP,
ferric reducing ability of plasma; PTH, parthyroid hormone; parathyroid hormone; 25[OH]D, 25-hydroxy-vitamin D.
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Table 4
Incidence rate ratios (95% confidence intervals) for colon cancer risk associated with high

physical activity? and proportion explained effect after adjustment for individual

biomarkers
Biomarkers IRR 9504 CIC R peEed 9506 CIE
Multivariable model? 075 05710096 -0.29
Adlposity status
BMI, kg/m? 076 0.59t00.98 -0.28 6 -2t0 22
Waist circumference, cm 0.78 0.60t01.02 -0.24 17 41052
Metabolic dysfunction
HbA¢, % 0.75 05810097 -0.27 5 -6 to 24
C-peptide, ng/mL 0.75 0.58t00.97 -0.28 1 -4t08
Insulin growth factor axis
IGF-1, mg/L 0.75 057t00.96 -0.27 4 -2t0 14
IGFBP1, ng/mL 0.76 0.58t00.98 -0.27 6 -3t0 24
IGFBP2, ng/mL 075 0.57t00.96 -0.29 2 -11t0 6
IGFBP3, ng/mL 0.75 0.58t00.97 -0.29 1 -11t0 20
Adlpokine secretion
Adiponectin, ug/mL 0.75 058t00.96 -0.29 0 -6t08
HMW-adiponectin, ug/mL 0.75 0.58t00.96 -0.29 0 -2t02
Non-HMW-adiponectin, pg/mL 0.75 057t00.96 -0.29 0 -13t0 18
Leptin, ng/mL 0.75 058t00.98 -0.28 6 -1t0 20
sOB-R, ng/mL 0.77 060to1.01 -0.25 15 1to 50
Lipid metabolism
HDL-cholesterol, mmol/L 0.76 0.58t00.98 -0.27 7 -3t0 28
Triglycerides, mmol/L 0.75 0.58t00.96 -0.29 0 -9to 6
Cholesterol, mmol/L 0.75 0.58t00.96 -0.29 0 -9to 6
LDL-cholesterol, mmol/L 0.75 05810096 -0.29 0 -9t0 6
Oxidative stress
ROM, U/mL 0.74 057t00.96 -0.30 0 -19to 15
FRAP, umol/L 074 05710096 -0.29 0 -10to 5
Vitamin D metabolism
25[OH]D, nmol/L 081 0.62to1.05 -0.20 30 12to 88
PTH, pg/mL 0.75 058t0097 -028 4 -1t015
Inflammation and immune response
CRP, mg/L 0.75 0.58t00.97 -0.28 3 -2 toll
Neopterin, nmol/L 0.68 0.52t00.88 -0.38 -30 -91to-8

aHigh physical activity is defined as >91 MET-hours per week of total activity using a 75th percentile of the variable distribution in the controls as
cut-point.

The multivariable-adjusted model in conditional logistic regression takes into account matching factors: age, sex, study centre, follow-up time

since blood collection, time of the day at blood collection and fasting status; in women further matching by menopausal status, phase of menstrual
cycle at blood collection and in postmenopausal women hormonal replacement therapy use. The model is further adjusted for education (no school
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degree or primary school, technical or professional school, secondary school, university degree, or unknown), smoking status (never, past, current,
or unknown), alcohol intake (continuous), fruit and vegetable intake (g/day), fish and shellfish intake (g/day), fibre intake (g/day), red and
processed meat intake (g/day).

The B-coefficient (regression coefficient) is the natural log of the relative risk estimate.

dThe proportion explained effect (PEE) denotes percent change in the regression coefficients with adjustment for each additional biomarker
compared with the multivariable-adjusted model.

61The corresponding 95% confidence interval (Cl) of PEE was calculated based on the Fieller’s theorem.

Abbreviations: IRR, incidence rate ratio; Cl, confidence interval; PEE, proportion explained effect; BMI, body mass index; CRP, C-reactive
protein; HbA1, glycated haemoglobin; IGF-1, insulin growth factor; IGFBP, insulin-like growth factor-binding protein; SOB-R, soluble leptin

receptor; HDL-C, high density lipoprotein-cholesterol; LDL-cholesterol, low density lipoprotein cholesterol; ROM, reactive oxygen metabolites;
FRAP, ferric reducing ability of plasma; PTH, parathyroid hormone; 25[OH]D, 25-hydroxy-vitamin D.
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