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Abstract

Adherence to the 2007 WCRF/AICR cancer prevention recommendations has been associated
with lower cancer risk but the underlying biological mechanisms have not been elucidated. We
utilized dietary and lifestyle data from 11,342 women in the Nurses’ Health Study and 8,136 men
in the Health Professionals Follow-up Study, to investigate associations between adherence scores
and markers of inflammation, hormonal and insulin response. Two scores ranging from 0 to 3 were
constructed to assess adherence to the energy balance-related recommendations (weight
management, physical activity, energy density); and the plant, animal foods and alcohol intake
recommendations; with higher scores indicating greater adherence. The following biomarkers
were assessed in plasma samples donated by chronic disease-free women (1990) and men (1994):
C-reactive protein (CRP), interleukin-6 (IL6), tumor necrosis factor alpha receptor 2 (TNFa.R2)
and adiponectin for inflammation; estrone and estradiol for hormonal response in women, C-
peptide for hyperinsulinemia; and triglycerides/high density lipoprotein-cholesterol (TG/HDL)
ratio for insulin resistance. In multivariable-adjusted linear regression analyses, we estimated
relative concentrations of biomarkers across adherence categories. There was a significant trend of
lower (higher for adiponectin) biomarker concentrations with higher adherence to the energy
balance recommendations (all P-trend<0.0001). Comparing the highest (3) to the lowest
recommendation category (0-1), the percent difference in relative concentrations of biomarkers
was CRP, —69%; IL6, —41%; TNFaR2, -13%; adiponectin, +36; C-peptide, —43%; TG/HDL,
-43%; estrone, —31%; and estradiol, —43%; in women; and CRP, —59%; IL6, —42%; TNFaR2,
-10%; adiponectin, +22%; C-peptide, —44%; and TG/HDL, —40%; in men. In contrast,
associations between adherence to the plant, animal foods and alcohol intake recommendations
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and biomarker concentrations were weaker, and mostly nonsignificant. The healthier biomarker
profile associated with greater adherence to the WCRF/AICR cancer prevention recommendations
is driven mainly by adherence to the energy balance-related recommendations.
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Introduction

Healthy dietary and lifestyle patterns have been recognized as crucial for the prevention of
most chronic diseases including cancer. Part of this recognition is the 2007 World Cancer
Research Fund and the American Institute for Cancer Research’s (WCRF/AICR)
recommendations for cancer prevention. The recommendations aim to improve individuals’
dietary and lifestyle patterns, including maintaining a lean body mass, participating in
moderate physical activity, consuming a primarily plant-based diet and minimizing the
consumption of red and processed meats, energy-dense foods and drinks, and alcohol.> A
number of studies have investigated adherence to these recommendations and risk of cancer
development, and found higher adherence to be consistently associated with a lower risk of
developing cancer,? especially breast cancer3: 4 and colorectal cancer.> 8 However, the
biological mechanisms through which these recommendations may influence cancer risk are
not known. Indeed, only two previous studies have examined associations between
adherence to the cancer prevention recommendations and biomarkers of inflammation,
oxidative stress and the metabolic syndrome, which could represent potential biological
pathways mediating the association between adherence to the WCRF/AICR
recommendations and cancer risk.”- 8 In a sample of 275 premenopausal women, adherence
to the recommendations was associated with lower concentrations of biomarkers that
indicate oxidative stress and inflammation,” while in a larger sample of 2,092 women
diagnosed with invasive breast cancer, women who adhered to more dietary
recommendations were less likely to develop metabolic syndrome,8 a risk factor for breast
cancer development and recurrence.9: 10

The development of some cancers is associated with states of chronic inflammation,
hormonal response, hyperinsulinemia and insulin resistance. It is thus possible that the
WCRF/AICR recommendations may influence cancer development through these biological
pathways, among other potential pathways. A number of circulating biomarkers of these
pathways have been associated with cancer risk. For example, higher concentrations of
several inflammation markers including C-reactive protein (CRP),11: 12 interleukin-6
(1L6),13- 14 and tumor necrosis factor alpha receptor 2 (TNFaR2)4 15 and lower
concentrations of adiponectin® 17 have been associated with higher cancer risk.
Adiponectin is thought to play a role in the regulation of glucose and lipid metabolism, and
exhibits insulin-sensitizing and anti-inflammatory properties.18: 19 Hormones play a major
role in the development of several common cancers, probably due to their effect on cell
division, with circulating estrogens linked to higher risk of endometrial, and breast cancers
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among other cancers.20 Also, higher circulating levels of C-peptide, a marker of insulin
secretion, have been positively associated with higher risk of several cancers.2 22 Studies
have also shown insulin resistance to be associated with higher cancer risk,23 and the ratio of
triglycerides to high-density lipoprotein-cholesterol (TG/HDL), to be correlated with insulin
resistance.24 In this cross-sectional study, we investigated associations between scores of
adherence to the WCRF/AICR cancer prevention recommendations and fasting plasma
markers of inflammation, hormonal response and insulin response, based on the hypothesis
that women and men with higher adherence scores have a healthier biomarker profile driven
mainly by adherence to the energy balance-related recommendations.

Materials and Methods

Study population

We used data from two on-going prospective United States cohorts: the Nurses’ Health
Study (NHS) enrolled 121,700 female registered nurses, aged 30 to 55 years at baseline in
1976, and the Health Professionals Follow-up Study (HPFS), which enrolled 51,529 male
health professionals, aged 40 to 75 years at baseline in 1986. Details of the two cohorts have
been described.2> At enroliment in all cohorts, participants completed baseline
questionnaires regarding demographic and lifestyle factors, medications, and newly
diagnosed diseases. During follow-up, questionnaires are administered every two years to
update lifestyle, medical, and other health-related information. The follow-up has been
>90% complete for each cohort. Blood samples were collected from subpopulations of the
NHS (n=29,611) from 1989 to 1990 and HPFS (n=18,225) from 1993 to 1994. Blood
collection was conducted using similar protocols for both cohorts, and blood donors were
free from diagnosed major chronic diseases such as cancer, cardiovascular disease and
diabetes at the time of blood donation. The procedures, including collection, handling and
storage, have been previously summarized.28 In the current study, we used data from
previous matched case-control studies nested within each of the two cohorts that measured
fasting plasma concentrations of IL6, CRP, TNFaR2, adiponectin, C-peptide, TG, HDL,
estrone and estradiol from August 1997 through December 2014. The Institutional Review
Boards at Brigham and Women’s Hospital and at Harvard T.H. Chan School of Public
Health approved this study.

Biomarker assessment

We assessed inflammation based on four biomarkers: CRP, IL6, TNFaR2, and adiponectin;
utilized C-peptide concentrations to assess hyperinsulinemia; ratio of TG/HDL as a marker
of insulin resistance and estrone and estradiol as markers of hormonal response in
postmenopausal women not using exogenous hormones. Compared to insulin, C-peptide has
proven to be a better measure of pancreatic beta-cell secretory activity as it is not extracted
by the liver, has a slower metabolic clearance rate, and does not cross-react with antibodies
to insulin.2” Studies have shown TG/HDL to be significantly correlated with insulin
resistance,2 and a simple and clinically useful way to identify apparently healthy
individuals who are insulin resistant,28: 29 though TG/HDL is not a replacement for the
homeostasis model assessment-estimated insulin resistance index (HOMA-IR).
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All biomarkers were measured in fasting plasma samples and the laboratory procedures have
been previously described.30-33 Briefly, concentrations of IL6 and TNFaR2 were measured
using enzyme-linked immunosorbent assays (ELISA) (R&D Systems, Minneapolis, USA).
CRP was measured using a high sensitivity immunoturbidimetric assay with reagents and
calibrators from Denka Seiken Co, Tokyo, Japan. We excluded participants with CRP values
>10mg/L (n=308) as this may likely be due to infection or medication use.34 Concentrations
of adiponectin were measured using a competitive radioimmunoassay (Linco Research, St.
Charles, MO). Estrone and estradiol were measured in the Molecular lab at the Mayo Clinic
(Rochester, MN) using the turbulent flow liquid chromatography-tandem mass spectrometry.
C-peptide was measured by ELISA (Diagnostic Systems Laboratories/Beckman Coulter,
Webster, TX), and HDL-cholesterol and TG were measured by standard methods with
reagents from Roche Diagnostics (Indianapolis, IN) and Genzyme (Cambridge, MA).32 The
intra-assay coefficient of variation from blinded quality control samples ranged from 1% to
13% for all biomarkers across batches.

Quality control samples were randomly interspersed among the case-control samples, and
laboratory personnel were blinded to quality control and case-control status for all assays.
Biomarkers were measured in multiple batches over several years, and there may be
differences in mean biomarker levels by batch due to different reagents, technicians,
laboratories, or participants’ characteristics in each batch. There were 39 batches for each of
the four inflammation markers, 20 for C-peptide, triglycerides, and HDL-cholesterol, and 12
for estradiol and estrone. We therefore used a 3-step method previously described by Rosner
et al3" to recalibrate biomarker concentrations across several batches to the value of an
“average batch” accounting for true variability across batches due to different distributions
of predictors of the biomarker across batches: i) we constructed a linear regression model
with biomarker levels as the dependent variable and batch indicators as well as variables that
may vary by batch and are associated with biomarker levels (regular aspirin/non-steroidal
anti-inflammatory drugs [NSAID] use, age, smoking status, diabetes, other chronic diseases/
conditions, case-control status, BMI, physical activity, and menopausal status,
postmenopausal hormone use in women) as the independent variables, ii) next we calculated
the average batch beta coefficient (B) by summing the batch indicator Bs and dividing by the
total number of batches, iii) lastly we calculated the difference between each batch p and
average P and recalibrated biomarker concentrations by subtracting this difference from the
original biomarker concentration. We recalibrated the data for men and women separately
given that these data were pooled separately by cohort. The recalibrated biomarkers were
then used in analyses.

Assessment of dietary and nondietary data

Dietary data are updated every four years in the NHS (since 1980) and in the HPFS (since
1986) with a semi quantitative food frequency questionnaire (FFQ) assessing dietary intake
in the previous one year. The relative validity of the FFQ has been reported.36: 37 Given that
blood was drawn at one time point, we used dietary data from the questionnaires closest to
the blood draw, that is, the 1990 FFQ for NHS and the 1994 FFQ for HPFS. Participants
with excessive missing items (=70) on the FFQs or implausibly low or high energy intake
(<600 or >3500 kcal/d for women and <800 or >4,200 kcal/d for men) were excluded.
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All cohorts have collected nondietary data (e.g., medical history and health practices) since
1976 in the NHS and 1986 in the HPFS, and updated the data through biennial self-
administered questionnaires. We calculated participants’ body mass index (BMI — kg/m?2)
using height (meters) reported at baseline for each cohort, and weight (kg) reported on the
questionnaire closest to blood draw. Participants reported smoking status, and we calculated
physical activity, expressed in metabolic equivalent (MET)-hours per week by summing the
average MET-hours/week for the following activities: tennis/squash/racquetball, rowing,
calisthenics, walking, jogging, running, bicycling, and swimming. The validity of the
physical activity questionnaire has been evaluated.38: 39 Regular use of aspirin or other
NSAID was defined as use of =2 standard tablets (325-mg) of aspirin or =2 tablets of
NSAID per week. We derived a chronic disease comorbidity score by summing the
presence=1/absence=0 of the following chronic diseases/conditions: hypercholesterolemia,
cancer, diabetes, high blood pressure, heart disease, and rheumatoid/other arthritis, to create
the score.

2007 WCRF/AICR score construction

First, given that some recommendations are more related to energy balance than others, we
constructed two 3-points scores based on adherence to the 2007 WCRF/AICR cancer
prevention recommendations. The first score included the three energy balance-related
recommendations (body fatness, physical activity, and foods and drinks that promote weight
gain), whereas the second score included plant foods, animal foods, and alcohol
consumption. Table 1 describes details of the score operationalization. Briefly, we used the
quantitative recommendations as criteria for assigning component (individual
recommendations) scores such that participants received 1, 0.5, or 0 point when the
recommendation was met, partially met, or not met, respectively. For recommendations with
subcomponents such as foods and drinks that promote weight gain, plant foods and animal
foods, the subcomponents were scored first (1, 0.5, or 0 point) then the average score was
taken. To define intermediate categories, we used a priori cutoffs based on previous
publications.?:  The overall adherence scores were the sum of the individual
recommendation scores, and ranged from a minimum of 0 point (adherence to no
recommendation) to a maximum of 3 points (adherence to all 3 recommendations) with 7
levels (0, 0.5, 1, 1.5, 2, 2.5 and 3), and were further categorized into 5 levels by combining
levels 0 to 1 since there were few participants in these three levels. Each recommendation
contributed equally to the overall score.

Second, we constructed two additional scores: a 5-points score that included five
recommendations with the exception of body weight, and a 6-points score that included all
six recommendations. The 5-point score was meant to be used in models to additionally
adjust for BMI under the extreme assumption that the associations were confounded by
BMI. The overall adherence scores ranged from 0 (no adherence to any recommendation) to
5 or 6 (adherence to all five or six recommendations). We further categorized the continuous
scores into five or six categories as follows: category 1 (0 to <2), category 2 (>2 to <3),
category 3 (>3 to <4), category 4 ((>4 to <5) for the 5-points score, and category 5 (>5 to 6)
for the 6-points score. The recommendations on breast feeding, food preservation,
processing, and preparation were not included in this score because of insufficient data.

Int J Cancer. Author manuscript; available in PMC 2018 February 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tabung et al.

Page 6

Statistical analyses

Results

The distributions of biomarkers were skewed and we transformed all biomarkers using
natural log transformation prior to using them in analyses. We then back transformed (i.e.,
eX, where x was the natural log transformed biomarker concentration) biomarker
concentrations before presentation of results. Descriptive statistics for continuous variables
were summarized as means + standard deviation (or geometric mean * coefficient of
variation?), and categorical variables were summarized using proportions; according to
categories of the 6-points adherence score. We used linear regression analyses to estimate
the percent changes in relative concentrations of biomarkers in categories of the overall
adherence score, comparing higher categories with the lowest (reference) category (i.e., the
percent differences in biomarker concentration between higher adherence categories and the
lowest category). We constructed multivariable-adjusted linear regression models separately
for the energy balance-related adherence score and the plants, animal foods and alcohol
intake adherence score, to estimate the percent changes in relative concentrations of each
biomarker in categories of the scores. To determine the independent effects of each of the six
recommendations on biomarker concentrations, we estimated the relative concentration of
biomarkers in categories (1, 0.5 and 0) of the individual recommendations adjusting for
multiple covariates that included adherence scores to all the other five component
recommendations. Next, to determine the influence of body weight on the association
between the overall adherence score and each biomarker, we additionally controlled for BMI
(as a continuous variable) in the multivariable-adjusted models of the 5-points score. Lastly,
we examined associations between the 6-points score and biomarker concentrations, with the
expectation that associations will be similar to those of the 3-points energy balance-related
recommendations score.

All multivariable-adjusted models included the following covariates as potential
confounding variables: age at blood draw (continuous, years), smoking status (never, former,
current), regular aspirin/NSAID use (yes/no), race (white, nonwhite), case-control status,
chronic disease comorbidity score and additionally for menopausal status and
postmenopausal hormone use in women. Linear trends were assessed using the continuous
score values adjusted for multiple covariates. We examined associations between adherence
scores and estrone and estradiol concentrations only among postmenopausal women not
using menopausal hormones. All tests were 2-sided and 95% confidence intervals not
including 0 were considered statistically significant. All analyses were conducted by using
SAS software, version 9.4 for UNIX (SAS Institute, Cary, NC).

The average age at blood draw was 56.5+6.9 years for women, and 62.1+8.7 years for men,
and increased slightly with higher adherence scores in women. The average BMI at blood
draw was 26.0+5.0 kg/m? among women and 26.0+3.5 kg/m? among men. Similar
proportions of women and men met the body weight and alcohol consumption
recommendations and a higher proportion of men than women met the physical activity and
plant foods recommendations. In contrast, a higher proportion of women than men met the
recommendations for foods and drinks that promote weight gain and for red and processed

Int J Cancer. Author manuscript; available in PMC 2018 February 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tabung et al.

Page 7

meat intake (Table 1). A higher proportion of women than men were current smokers; and
among both women and men the proportion of current smokers decreased with higher
adherence scores (Table 2). BMI values as well as concentrations of CRP, IL6, TNFaR2, C-
peptide and TG/HDL ratio were highest among the least adherers compared to the most
adherent women and men, while concentrations of adiponectin were highest among
adherers, decreasing monotonically towards the least adherent women and men The majority
of women were postmenopausal and the highest proportion (65%) of postmenopausal
hormone users was among the most adherent women. The proportion of women and men
with =3 chronic diseases/conditions decreased with higher adherence scores (Table 2). All
biomarkers were moderately inversely (positively for adiponectin) correlated with adherence
scores (r=0.10 to 0.25) except for TNFaR2 in men. Adherence scores and biomarkers were
correlated with BMI (/=0.16 to 0.55) except for TNFaR2 in men. There were also moderate
to high correlations among the biomarkers, except for estrone and estradiol that were highly
correlated (/= 0.83) but both were not significantly correlated with adiponectin and
TNFaR2, and IL6 was not correlated with estrone (Supplemental Table 1).

In both women and men, there was a significantly decreasing trend of biomarker
concentrations with increasing adherence to the energy balance-related recommendations (P-
trend for all eight biomarkers <0.0001) (Figures 1 and 2). The percent change in the relative
concentrations of biomarkers in women was CRP, —69%; IL6, —41%; TNFaR2, —13%;
adiponectin, +36%; C-peptide, —43%; TG/HDL, —43%; estrone, —31% and estradiol, —43%,
comparing the highest (3 recommendations) with the lowest (0—1 recommendation)
adherence categories. Corresponding percent changes in men were: CRP, —=59%; 1L6, —42%;
TNFaR2, -10%; adiponectin, +22%; C-peptide, —44%, and TG/HDL, —40%. In contrast,
associations between adherence to the plant/animal foods/alcohol intake recommendations
and biomarker concentrations were weaker than for the energy balance-related
recommendations, and mostly nonsignificant (Figures 1 and 2). An examination of the
independent associations of the individual recommendations with each of the eight
biomarkers of inflammation, hormonal and insulin response revealed significant differences
in biomarker concentrations between non-adherers and partial adherers compared to
adherers, for the body weight and physical activity recommendations among both women
and men. While most of the associations for the alcohol recommendation were not
statistically significant, moderate alcohol intake did not appear to be favorable for TNFa.R2,
adiponectin and C-peptide concentrations in women and men (Table 3). When we
additionally adjusted for BMI in models for the 5-points adherence score, relative
concentrations of all biomarkers were highly attenuated and most were nonsignificant
(Supplemental Table 2).

Results for the 6-points adherence score were similar to those for the energy balance-related
adherence score. There was a significant trend of lower (higher for adiponectin)
concentrations of biomarkers of inflammation, hormonal and insulin response across
adherence categories with higher adherence to the cancer prevention recommendations (all
P-trend <0.0001) except for TNFaR2 in men (P-trend =0.09, Supplemental Table 3).
Significant reductions in mean CRP, IL6 and C-peptide concentrations comparing higher
categories of adherence to the lowest category were evident after adhering to >2
recommendations among women and >3 recommendations among men. In both women and
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men, adhering to at least four of the six recommendations was associated with significant
decreases (increases for adiponectin) in biomarker concentrations (Supplemental Table 3).

The proportion of current smokers was >4.5 times higher among the least adherent women
compared to the most adherent women, and 3 times higher for least adherent men compared
to the most adherent men (Table 1). We therefore stratified analyses by smoking status and
findings showed stronger associations between adherence scores and biomarker
concentrations mainly among never and former smokers in both women and men
(Supplemental Table 4).

Discussion

In this large study of women and men, greater adherence to the 2007 WCRF/AICR diet and
lifestyle recommendations for cancer prevention was associated with a healthier profile of
plasma markers of inflammation (CRP, IL6, TNFaR2 and adiponectin), hormonal response
(estrone and estradiol) and insulin response (C-peptide and TG/HDL). The healthier
biomarker profile was driven mainly by adherence to the three energy balance-related
recommendations (body weight, physical activity and energy density of foods), especially by
adherence to the body weight recommendation. Overall, adherence to the energy balance-
related recommendations was associated with a percent decrease (or increase for
adiponectin) in biomarker concentrations that ranged from 13% (TNFaR2) to 69% (CRP) in
women and from 10% (TNFaR2) to 59% (CRP) in men. Also, mainly body weight (to a
large extent) and physical activity were associated with concentrations of biomarkers
independent of the adherence level to the other five recommendations.

Our finding that adherence to the energy balance-related recommendations was more
strongly associated with concentrations of all eight biomarkers compared to adherence to the
plant/animal foods/alcohol intake recommendations, suggests that the type of foods
consumed may be less important in determining biomarker concentrations than the excess
body weight from poor dietary patterns. Measurement error could account for this finding
given that it is easier to measure body weight than dietary intake. However, this is unlikely
given the highly attenuated and mostly nonsignificant associations of the 5-points adherence
score and biomarker concentrations when additionally adjusted for BMI; suggesting that
body weight may play a more mediating than confounding role. The role of body weight as a
mediator of biomarker profile was also evident in the study by Morimoto et a.” The
investigators examined associations between adherence scores and BMI status and found
that results were similar to the associations between adherence scores and biomarkers of
inflammation and oxidative stress.”

However, this finding does not imply that the inflammation, hormonal or insulinemic
potential of diet is not an important determinant of future disease risk. Indeed, studies have
found robust associations between the inflammation potential of diet and concentrations of
circulating biomarker of inflammation“1: 42 and with risk of developing cancer or of dying
from cancer®. These previous studies have mostly used quantile cutpoints and/or continuous
scores of dietary indices developed to assess dietary inflammation potential. It is therefore
possible that the absence of an association between the combined score for plants/animal
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foods and alcohol intake recommendations, or with these three recommendations
individually, may be related to the cutpoints used to define adherence to these
recommendations. In addition, information on the quality of foods is not incorporated into
the scores; e.g., foods such as white bread and potatoes may contribute to a better score
because they include some fiber but in contrast may have some adverse effects on TG/HDL
or C-peptide concentrations.

In the other previous adherence study, Bruno et a/ constructed adherence scores using five of
the six recommendations (except body weight) included in the current study, and examined
associations with prevalence of metabolic syndrome among a large sample of breast cancer
survivors. They reported a lower prevalence of metabolic syndrome with higher adherence to
the recommendations.® Insulin resistance (assessed in the current study by the TG/HDL
ratio) is one of the criteria for determining the metabolic syndrome.#> Though the WCRF/
AICR recommendations were issued for cancer prevention, studies have found that greater
adherence to the recommendations is associated with lower risk of death from cancer-
related? and other causes,*6: 47 which suggests that the recommendations may be relevant for
cancer progression.

Our study is limited by the cross-sectional design and self-reported dietary and lifestyle
measures, and therefore some measurement error is inevitable. However, the studies that
evaluated questionnaire validity showed reasonably good correlations between FFQ and diet
records, and longitudinal studies using data from the NHS and HPFS have observed high
correlations between biannually assessed lifestyle measures across several years. This
suggests that dietary and lifestyle assessment is generally well conducted in our

cohorts.38: 37 Additionally, study participants in both cohorts are mostly Caucasian health
professionals, though the distributions of most participant characteristics are generally
similar to that of the larger US multi-racial/ethnic population. Also, our findings align with
findings from the Morimoto et a/study that used data from multi-ethnic populations.’
Though we adjusted for a large number of potential confounding variables including a
history of cancer and other chronic diseases/conditions, these variables were self-reported,
thus allowing the possibility of residual confounding. Another study limitation is that we had
only one measurement of biomarkers which may underestimate associations with cancer
prevention recommendations adherence scores.*8 Also, differences in biomarker
concentrations may be due to multiple batch measurements, different technicians and
laboratories, but we recalibrated biomarker concentrations to an average batch to account for
these potential sources of variation.3®

Though we may not completely discern etiological pathways using cross-sectional designs,
the substantial inter-correlation among some of these biomarkers makes it difficult to
disentangle underlying etiological pathways irrespective of study design;4° therefore it is not
clear whether these biomarkers act independently or through overlapping mechanisms. For
example, circulating adiponectin is inversely correlated with circulating insulin and is
reduced in individuals with insulin-resistant conditions such as obesity and type 2
diabetes,> while insulin resistance has been linked to obesity, inflammation and type 2
diabetes.?1 %2 Hyperinsulinemia and insulin resistance are associated with obesity, a state of
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low grade chronic inflammation, and have been directly associated with inflammatory
cytokines (TNFaR2, IL6) and adipokines (adiponectin and leptin).

In summary, adherence to the 2007 WCRF/AICR cancer prevention recommendations is
associated with a healthier profile of plasma markers of inflammation, hormonal and insulin
response. Our findings provide insights on the biological mechanisms underlying
associations between these dietary and lifestyle recommendations and cancer risk, while
emphasizing the dominant role of adherence to the energy balance-related recommendations
especially the recommendation on body weight. Prospective studies are warranted to
investigate whether adherence to the recommendations is associated with changes in
biomarker concentrations over time and/or with biomarker patterns that incorporate multiple
biomarkers simultaneously.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

Data from two large United States cohorts showed that women and men with greater
adherence to the 2007 WCRF/AICR cancer prevention recommendations, especially the
recommendations related to energy balance, have healthier profiles of plasma markers of
inflammation, hormonal and insulin response. Findings also suggest that the type of
foods consumed may be less important in determining biomarker concentrations than the
excess body weight from poor dietary patterns.
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Figure 1.
Multivariable-adjusted percent changes in the relative concentrations of plasma

inflammation markers (95% confidence intervals) across adherence categories of (A) the
energy balance-related recommendations (BMI, physical activity and energy density), and
(B) the combined plant/animal food/alcohol intake recommendations in the Nurses’ Health
Study (women), 1990; and Health Professional Follow-up Study (men), 1994. 0-1 was the
lowest or least adherent category (reference) while 3 was the highest or most adherent
category. CRP=C-reactive protein, IL6=interleukin-6, TNFaR2=tumor necrosis factor alpha
receptor 2. Biomarker concentrations were adjusted for regular aspirin/NSAID use, age at
blood draw, smoking status, physical activity, case-control status, postmenopausal status,
postmenopausal hormone use, and chronic diseases/conditions. The following chronic
diseases/conditions (yes=1/no=0) were included in the score: hypercholesterolemia, cancer,
diabetes, high blood pressure, heart disease, and rheumatoid/other arthritis). The P-value for
trend was the P-value of the combined recommendation score as a continuous variable
adjusted for all covariates previously listed. Biomarker sample sizes were different: in
women, n=3,550 for all four inflammatory markers. In men; CRP, n=5,157; I1L6, n=3,044;
TNFaR2, n=4,072; and adiponectin, n=4,348.
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Figure 2.
Multivariable-adjusted percent changes in the relative concentrations of plasma markers of

insulin response and hormonal response (95% confidence intervals) across adherence
categories of (A) the energy balance-related recommendations (BMI, physical activity and
energy density), and (B) the combined plant/animal food/alcohol intake recommendations in
the Nurses’ Health Study (women), 1990; and Health Professional Follow-up Study (men),
1994. 0-1 was the lowest or least adherent category (reference) while 3 was the highest or
most adherent category. CPEP=C-peptide, TG/HDL=triglyceride/high density lipoprotein
ratio. Estrone and estradiol were examined only among postmenopausal women not using
exogenous hormones. Biomarker concentrations were adjusted for regular aspirin/NSAID
use, age at blood draw, smoking status, physical activity, case-control status,
postmenopausal status, postmenopausal hormone use, and chronic diseases/conditions. The
following chronic diseases/conditions (yes=1/no=0) were included in the score:
hypercholesterolemia, cancer, diabetes, high blood pressure, heart disease, and rheumatoid/
other arthritis). The P-value for trend was the P-value of the combined recommendation
score as a continuous variable adjusted for all covariates previously listed. Biomarker sample
sizes were different: in women; CPEP, n=5,834; TG/HDL, n=3,826; estrone, n=1,217; and
estradiol, n=1,254. In men; CPEP, n=3,955; and TG/HDL, n=3,575.
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