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Abstract

Background: Compared to those with a higher socioeconomic position (SEP), individuals with a lower
SEP have higher cancer morbidity and mortality. However, the contribution of modifiable risk factors to
these inequities is not known. This study aimed to quantify the mediating effects of modifiable risk
factors to associations between SEP and cancer morbidity and mortality.

Methods: This study used a prospective observational cohort design. We combined eight cycles of the
Canadian Community Health Survey (2000/2001-2011) as baseline data to identify a cohort of adults
(>35 years) without cancer at the time of survey administration (n =309,800). The cohort was linked to
the Discharge Abstract Database (DAD) and the Canadian Mortality Database (CMDB) for cancer
morbidity and mortality ascertainment. Individuals were followed from the date they completed the
CCHS until 31 March 2013. Dates of individual first hospitalizations for cancer and deaths due to cancer
were captured during this time period. SEP was operationalized using a latent variable combining
measures of education and household income. Self-reported modifiable risk factors, including smoking,
excess alcohol consumption, low fruit and vegetable intake, physical inactivity, and obesity were
considered as potential mediators. Generalized structural equation modeling was used to estimate the
mediating effects of modifiable risk factors in associations between low SEP and cancer morbidity and
mortality in the total population and stratified by sex.

Results: Modifiable risk factors together explained 45.6% of associations between low SEP and overall
cancer morbidity and mortality. Smoking was the most important mediator in the total population and for
males, accounting for 15.5% and 40.2% of the total effect, respectively. For females, obesity was the most
important mediator.

Conclusions: Modifiable risk factors are important mediators of socioeconomic inequities in cancer
morbidity and mortality. Nevertheless, more than one half of the variance in these associations remained
unexplained. Midstream interventions that target modifiable risk factors may help to alleviate inequities in

cancer risk in the short-term. However, ultimately, upstream interventions that target structural
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determinants of health are needed to reduce overall socioeconomic inequities in cancer morbidity and
mortality.

Key words: Socioeconomic position; modifiable risk factors; cancer morbidity and mortality; mediation
analyses

Key messages

e This was the first prospective, population-based study to quantify the mediating effects of
modifiable risk factors in associations between low socioeconomic position (SEP) and overall
cancer morbidity and mortality.

e Modifiable risk factors accounted for 45.6% of associations between low SEP and cancer
morbidity and mortality.

e Smoking was the most important mediator of associations between low SEP and cancer morbidity
and mortality both in the total population and for males, whereas obesity was the most important
mediator for females.

¢ While midstream interventions that target modifiable risk factors may help to alleviate inequities
in cancer morbidity and mortality in the short-term, ultimately upstream interventions that
address the inequitable distribution of power and resources within society are needed.

Introduction

According to the Canadian Cancer Society, nearly one in two Canadians will develop cancer in their
lifetime and one in four will die of the disease (1). Substantial progress has been achieved in cancer
control in Canada over the last few decades, including declines in the age-standardized incidence and
mortality rates of some of the most common cancers (1). Nevertheless, these advancements have not
benefitted all population groups equitably, as marked inequities in cancer morbidity and mortality have
been documented in Canada and other nations according to socioeconomic position (SEP) (2-5). The
World Health Organization’s Commission on the Social Determinants of Health (CSDH) framework

positions SEP as a fundamental cause of health inequities because it shapes exposure to intermediary
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determinants of health such as material circumstances, psychosocial factors, behavioral and biological
risk factors, and access to the healthcare system, all of which collectively shape health (6).

This study is situated in the context of the CSDH framework to explore intermediary modifiable
determinants of inequities in cancer morbidity and mortality, including smoking, excess alcohol
consumption, low fruit and vegetable intake, physical inactivity, and obesity. These modifiable risk
factors have long been recognized as important contributors to cancer. Indeed, it is estimated that
approximately 24% of overall cancer incidence and 30% of overall cancer deaths worldwide are
attributable to modifiable risk factors (7-9). However, very few studies have examined whether these
factors mediate socioeconomic inequities in cancer incidence and mortality.

To our knowledge, just two studies have investigated whether modifiable risk factors might
mediate associations between SEP and cancer morbidity and mortality. Hastert et al (10) examined the
contribution of modifiable risk factors to inequities in cancer mortality among 54,737 older American
adults (age 50-76). Modifiable risk factors, including body mass index (BMI), physical activity, diet
guality, alcohol intake, smoking, and cancer screening accounted for 45% of the association between
neighbourhood-level SEP and cancer mortality, with smoking explaining the greatest proportion of these
associations (10). In another study, Doubeni et al (11) found that diet quality was a more important
mediator of associations between SEP (operationalized using neighbourhood-level SEP and individual-
level education) and risk of colorectal cancer in older American adults (age 50-71; n=506,488) compared
to physical inactivity and smoking (11). In these studies, low response rates, non-representative sampling,
and higher loss to follow up likely led to underrepresentation of low SEP groups, given that they are less
likely to participate in research and more likely to drop out over the course of follow-up (12), potentially
attenuating effect sizes. Nationally representative surveys linked to administrative health data may help to
overcome these limitations by ensuring adequate representation of low SEP groups. The generalizability
of these findings to other countries is also unclear as political, socioeconomic, and health care contexts

differ between nations. Ideally, such studies should be conducted in a variety of nations to examine
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pathways linking SEP with cancer in distinct national contexts. Such contextualized studies can provide
important policy lessons for the global community.

In addition, these previous studies quantified mediation using a series of multiple regression
equations, which do not allow for the simultaneous evaluation of predictors as mediators (10,11).
Modifiable risk factors often cluster together, thus it is essential to use analytic methods such as structural
equation modelling that can assess the simultaneous effects of multiple risk factors on cancer morbidity
and mortality (13). In addition, combining multiple individual-level indicators of SEP such as income and
education into a single latent variable within a structural equation model may better capture the complex
construct of SEP than any single indicator in isolation (14,15).

The aim of this study was to examine (i) whether and to what extent modifiable risk factors,
including smoking, excess alcohol consumption, low fruit and vegetable intake, physical inactivity, and
obesity mediate associations between SEP and risk of overall cancer morbidity and mortality in a
nationally representative sample of Canadian adults, and (ii) whether these relationships differed for
males and females. For simplicity, we refer to all of these risk factors as modifiable risk factors
throughout, while acknowledging that factors such as obesity are not necessarily readily or easily
modifiable (16). We deliberately use the term modifiable as opposed to behavioral, first because obesity
is not a behavior and second because we wish to highlight the social patterning of these factors rather than

suggesting that they are a matter of individual choice.

Methods

Study design and cohort

This study used a population-based prospective observational cohort design whereby participants
completed a cross-sectional survey and were subsequently followed longitudinally for cancer morbidity
and mortality using administrative health/mortality data. The cohort consisted of adults who participated

in the cross-sectional Canadian Community Health Survey (CCHS) at any point between 2000/2001-2011
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and consented to data linkage (17) (Figure 1). Participants were included if they were at least 35 years of
age and did not self-report cancer or pregnancy/breastfeeding at the time of survey administration. The
follow-up period for each participant extended from the completion date of the cycle of the CCHS to
which the participant responded (baseline) until the date of the earliest of the following events: first

cancer hospitalization, death, or the endpoint of the study (31 March 2013).

Data sources

We used a dataset that linked respondents from eight cycles of the nationally representative, cross-
sectional CCHS (2000/2001 - 2011) to longitudinal administrative health/mortality data in the Discharge
Abstract Database (DAD; 2000-2013) and the Canadian Mortality Database (CMDB; 2000-2013) (18).
Common identifiers were used to link consenting CCHS respondents (85.3%) to their administrative
health data in the DAD (date of birth, sex, postal code, province issuing health information number and
health information number of patients) and the CMDB (names, date of birth, sex and postal code). In the
CCHS linked data, specific sampling weights were created to adjust for those who did not consent to
share and link their data. Internal and external validations confirmed accuracy of the linkage process
(19,20). Individuals may be represented more than once within and across the CCHS cycles. To avoid
double counting, respondents with multiple records were identified and flagged in order to link them to

the same death and hospitalization record (21).

Canadian Community Health Survey

The CCHS is a series of nationally and provincially representative cross-sectional surveys that use a
multistage, stratified cluster sampling strategy to collect health-related information from individuals,
including health status, health care utilization, and health determinants (17). The CCHS began collecting
data in 2000/2001 and was repeated every two years until 2007, after which data were collected annually.
While samples of approximately 130,000 respondents were interviewed in 2000/2001, 2003 and 2005, the

sample size was changed to 65,000 respondents each year starting in 2007. Details about the CCHS
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methodology have been described in detail elsewhere (17). Briefly, the CCHS collects data from
Canadians aged 12 or older residing in a dwelling in the ten Canadian provinces and three territories and
represents approximately 98% of the population. Individuals living on First Nations reserves or Crown
land, in institutions, in remote regions, or who are full-time members of the Canadian Armed Forces are

not included in the survey. The response rate across cycles ranged from 69.8% to 84.7%.

Discharge Abstract Database

The DAD captures administrative and clinical data for all patients discharged from acute care hospitals in
Canada excluding respondents in Quebec and respondents from Manitoba before 2004, as Manitoba
started reporting to the DAD as of April 1, 2004 (22). These patients were therefore excluded from the
cohort (Figure 1). For each record, one “most responsible diagnosis” and up to 24 “secondary diagnoses”
for hospital admission are coded according to the International Classification of Disease/Canadian
Classification of Health Interventions (ICD/CCI) framework (22). For this study, admission date and
diagnosis code (25 occurrences) was extracted for each hospitalization for each participant for all
hospitalizations in the follow-up period. Overall cancer diagnoses are coded as malignant neoplasms 140-
209 in ICD-9 and C00-D48 in ICD-10-CA. For consistency across survey cycles, ICD-9 codes were

converted to ICD-10-CA/CCI codes where necessary (22).

Canadian Mortality Database

The CMDB collects cause of death information annually from all provincial and territorial vital statistics
registries in Canada. For this study, date of death and cause of death were extracted. Death due to cancer

was consistently coded using ICD-10CA as C00-D48.

Cohort creation

Linked CCHS, DAD and CMDB data files were merged in a two-step process. First, eight CCHS cycles
corresponding to survey years 2000/2001, 2003, 2005, and 2007—2011 were combined and treated as

baseline data (sample size of n=614,800 prior to exclusions). These pooled data were merged with CCHS-
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DAD and CCHS-CMDB merge keys using household and person identification variables. These data
were then merged with DAD hospitalization records and CMDB death records from 2001-2012/2013
using the same household and person identification variables, to create a dataset of respondent records

containing CCHS, DAD and CMDB variables.

Data collection

Exposures

The exposure of interest was SEP which was operationalized as a latent variable, derived by combining
annual household income and individual educational attainment. Participants in the CCHS reported total
gross household income from all sources during the past 12 months. For each respondent, the adjusted
ratio of their total household income to the Low Income Cut-Off corresponding to their household and
community size was used to derive the distribution of household income and divided into deciles.
Household income deciles were subsequently divided into two categories: low and lower-middle (deciles
1-5) and upper-middle and high (deciles 6-10). The highest level of education attained by respondents

was dichotomized as post-secondary or less and greater than post-secondary education.

Mediators

Potential mediators in our analyses were smoking, excess alcohol consumption, low fruit and vegetable

intake, physical inactivity, and obesity captured by the CCHS (10,11).

Total fruit and vegetable intake was based on the usual number of times per day that respondents
reported consuming fruit, green salad, potatoes, carrots, and other vegetables, excluding juice, french
fries, fried potatoes, or potato chips (23). The fruit and vegetable module in the CCHS is based on an
existing validated module used in the National Cancer Institute’s Dietary Screener Questionnaire (24).
Low fruit and vegetable consumption was defined as less than 5 servings (400 g) of fruits and vegetables

per day (25). A study by Traynor et al (2006) showed that self-reported number of times fruits and
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vegetables were consumed daily was associated with the number of servings of fruits and vegetables
consumed per day, and therefore we assumed that each time fruit or vegetable consumption was reported

it was equivalent to one serving (23).

Respondents reported participation in leisure-time physical activity over the past 3 months. Self-
reported participation in moderate-to-vigorous leisure-time physical activity is moderately correlated with
measured physical activity among Canadian adults (26). A physical activity index was calculated by
multiplying the number of times each activity was performed by the average duration of the activity by its
energy cost (kilocalories/kg/hour) (17). Participants were classified as active/moderately active (> 1.5
kcal/kg/day), or inactive (<1.5 kcal/kg/day). Alcohol intake was dichotomized as meeting or not meeting
weekly Canadian recommendations (Women: < 10 drinks/week; Men: < 15 drinks/week) (27). Self-
reported tobacco smoking was dichotomized as current/former smoker versus never (28,29). Self-reported
smoking status has been shown to provide a valid estimate of the prevalence of smoking in Canada (30).
Obesity was assessed based on BMI calculated from self-reported body weight and height. Obesity was

defined as a BMI of > 30 kg/m?.

Outcome

The primary outcome was cancer morbidity and mortality (all types of cancer), derived by combining
morbidity and mortality data and dichotomized as presence or absence of cancer morbidity and/or
mortality (31-33). Cancer morbidity was defined from the DAD as presence or absence of hospitalization
for cancer (most responsible diagnosis and all secondary diagnoses) during the follow-up period. Deaths

due to cancer were identified through the CMDB.

Potential confounders
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Potential confounders included in statistical models were sex (male, female), age (continuous variable)
and race/ethnicity (White, Black, Chinese/Korean/Japanese, South /Southeast Asian, West Asian/Arab,

Latin American, Multiple origins, Aboriginal only, other) (10).

Data analysis

Statistical analysis
Descriptive statistics were analyzed for the sex-stratified groups. A generalized structural equation
modeling (GSEM) approach to path analysis was used to estimate mediating effects and to
simultaneously test associations between low SEP, modifiable risk factors and cancer morbidity and
mortality (13). As depicted in Figure 2, GSEM was used to test individual indirect effects via associations
between SEP and potential mediators (a:— as), and associations between potential mediators and cancer
morbidity/mortality (b:— bs), controlling for SEP and potential confounders. The total indirect effect of
SEP on cancer morbidity and mortality was assessed, where a*b represents the total individual indirect
effect of SEP on cancer morbidity and mortality via each potential mediator. The direct effect, denoted by
¢’, is the effect of SEP on cancer morbidity and mortality independent of all potential mediators and
confounders. The proportion mediated by each risk factor was calculated as the risk factor-specific
indirect effect divided by the total SEP-cancer effect (a*b/(a1s * b1-4 + C), where the total effect
represents the sum of the total indirect (indirect effect of all mediators combined) and direct (unmediated)
effects.

Three separate pathway models were conducted to evaluate mediating effects of modifiable risk
factors in associations between SEP and cancer morbidity and mortality in the total population (Model A),
females (Model B), and males (Model C). Furthermore, to investigate potential exposure-mediator
interaction, we added an exposure-mediator interaction term to our models (34). Models were fitted using
the maximum likelihood method assuming logit links and Bernoulli distributions for all variables. The

Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were used in model
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comparisons (model with categorical mediators compared to model with binary mediators), with smaller
values indicating a better fitting model.

As the follow-up time could vary for each cohort member, in a sensitivity analysis we conducted
time-to-event analysis to take into account differing observation times. In this GSEM model, a Weibull
distribution with a log link was used to handle time to cancer morbidity and mortality. Exponentiated

coefficients were interpreted as hazard ratios.

Sex, age and race/ethnicity were included as potential confounders in all statistical models. The
svyset command in Stata and Statistics Canada’s bootstrap weights were used to generate unbiased
estimates with variances adjusted for the sampling method (35). Missing values related to household
income were imputed by Statistics Canada for all CCHS annual cycles except Cycle 1.1 (17). The
percentage of missing values for other variables in our dataset were as follows: education 1.2%, income
4.0%; BMI 6.8%; fruit and vegetable intake 7.9%; physical activity 3.4%; alcohol intake 15%,
race/ethnicity 1.0%. GSEM handles missing values using full information maximum likelihood
estimation (36). All analyses were conducted with Stata version 15 (Stata Corp, Texas, USA), and
statistical significance was assessed at p < 0.05.

Results

A total of 309,800 individuals met all study inclusion criteria and were included in the analyses (Figure
1). The mean age of the population was 54.0 (SD: 13.3) years. Nearly 36 % had less than a post-
secondary level of education, while 44.2% of participants were classified as low/lower-middle income.
Most (66.9%) reported consuming fruits and vegetables < 5 times daily. The percentage of participants
with obesity was 17.9% and nearly one half of participants were physically inactive. One-third of
participants reported never smoking, while about 80% reported meeting Canadian recommendations for

alcohol intake.

(Table 1 here)
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During a mean follow-up time of 7.2 £ 2.3 years, nearly 5.3% of participants were discharged
from hospital with a cancer diagnosis and/or died from cancer (n = 21,565). Overall, cancer was
responsible for 30.3% of deaths and 11.2% of the most responsible diagnoses for hospitalization. Cancer

morbidity and mortality was higher among males than among females (5.6% vs. 5.0%; p<0.001).

The interaction coefficients for exposure-mediator interaction were non-significant. Models with
binary variables had lower AIC/BIC values compared to models with categorical variables and therefore
only binary variables were included in the reported models (AIC/BIC: 2441138 / 2441500 vs 2712874 /
2713257).

Direct and indirect effects

Model A was estimated in the total population and indicated a direct effect of low SEP on cancer
morbidity and mortality (B= 0.11; 95% CI: 0.04-0.13), accounting for 54.4% of the total effect of low
SEP. Overall, modifiable risk factors explained 45.6% of associations between low SEP and cancer
morbidity and mortality. Smoking mediated 15.5% of associations between low SEP and cancer
morbidity and mortality (p<0.001) (Table 2, Figure 2A).

Model B was estimated in females and indicated a direct effect of low SEP on cancer morbidity
and mortality (p= 0.13; 95% CI: 0.01-0.14). Obesity was the most important mediator of associations
between low SEP and cancer morbidity and mortality in females (p<0.001). The proportion mediated

could not be estimated due to inconsistent mediation (Table 2, Figure 2B).

Model C was estimated in males and indicated a direct effect of low SEP on cancer morbidity and
mortality (B= 0.11; 95% CI: 0.04-0.17), accounting for 45.2% of the total effect of low SEP on cancer
morbidity and mortality. Current/former smoking was the most important mediator of associations
between low SEP and cancer morbidity and mortality in males (40.2% of total effect mediated, p<0.001;

Table 2, Figure 2C).

(Table 2 here)
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Odds ratios

The likelihood of being discharged from hospital with a cancer diagnosis and/or dying from cancer was
higher among respondents with a lower SEP and current/former smokers as compared to those with a
higher SEP and those who never smoked (Table 3). Furthermore, females with obesity exhibited 1.13-fold

higher odds for cancer morbidity and mortality (p=0.008).

(Table 3 here)

Sensitivity analysis

Results from the analysis with time-to-event as outcome were similar to results of the main analyses with
respect to patterns of mediation. In addition, the hazard ratios were similar to the odds ratios from the
main analysis. The hazard ratio of being discharged from hospital with a cancer diagnosis and/or dying
from cancer was higher among respondents of low SEP and current/former smokers as compared with
those of higher SEP and those who never smoked (Table 4). Obesity was associated with a higher hazard
ratio of cancer morbidity and mortality in females (HR=1.21; CI=1.09-1.35) and in the total population
(HR=1.10; CI=1.02-1.19).

(Table 4 here)

Discussion

We quantified the mediating role of modifiable risk factors in associations between low SEP and
morbidity and mortality from all cancers combined using a nationally representative dataset containing
linked survey and administrative data for 309,800 Canadian adults (>35 years) in the context of the
CSDH framework. Our results showed socioeconomic inequities in overall cancer morbidity and
mortality in the Canadian population. Modifiable risk factors mediated 45.6% of associations between
low SEP and cancer morbidity and mortality. Smoking was the most important mediator in both the total
population and in males, mediating 15.5% and 40.2% of inequities in overall cancer morbidity and
mortality, respectively. A different pattern was observed among females whereby obesity was the most

important mediator of associations between low SEP and cancer morbidity and mortality.
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Our results contribute to the evidence indicating socioeconomic inequities in cancer morbidity
and mortality in developed nations and point to pathways underlying these associations (37-39). This is
the first study to examine the mediating effects of modifiable risk factors in associations between a latent
indicator of SEP with cancer morbidity and mortality using nationally representative data. We found that
modifiable risk factors together accounted for 45.6% of these associations. In a previous study, Doubeni
et al. found that modifiable risk factors (physical inactivity, unhealthy diet, smoking, and unhealthy
weight) explained 43.9% of associations between education and risk of colorectal cancer in the United
States (11). Hastert et al (2016) reported that modifiable risk factors (BMI, physical activity, diet quality,
alcohol intake, smoking and cancer screening) explained 45% of associations between area-level SEP and
cancer mortality in the United States (10). Overall, our findings are therefore consistent with prior studies
that have examined the extent to which modifiable risk factors mediate associations between SEP with
cancer morbidity and mortality separately.

Smoking mediated a considerable proportion of the observed associations between SEP and
cancer morbidity and mortality in the total population and in males. These findings are substantiated by
other studies (10,40). For instance, Hastert et al (2016) found that smoking mediated the greatest
proportion (29%) of associations between area-level SEP and cancer mortality, compared to other
modifiable risk factors including diet, physical activity, cancer screening and BMI. In the Whitehall 11
cohort study, Stringhini et al (2010) reported that smoking mediated 32% of associations between SEP
(occupation) and total mortality; however, they did not find any associations between SEP and mortality
due to cancer (40). The importance of smoking as a mediator in associations between SEP and cancer
likely relates to the fact that individuals with a lower SEP are more likely to smoke compared to those
with a higher SEP (41), and that smoking is a primary risk factor for multiple cancers (8).

Mediation models in females revealed evidence of inconsistent mediation, whereby the direct (¢”)
and indirect effects (a*b) were opposite in sign and mediators acted as suppressor variable, nullifying the
total effect (42). For instance, the indirect effect for smoking was negative because low SEP was
associated with lower levels of smoking in females, while the direct effect was positive, and this
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decreased the total effect for smoking. These differences in the mediating role of smoking caused by
sex/gender-specific associations between SEP and smoking, with lower SEP associated with a higher
prevalence of smoking in males, but with a lower prevalence among females are consistent with previous
studies (41,43,44). Excess alcohol intake also acted as a suppressor mediator in females, as associations
between low SEP and excess alcohol intake had a negative sign, and thus an opposite effect compared to
the direct effect, which was positive, nullifying the total effect for alcohol. Similarly, findings from
national survey data from 13 countries including Canada showed that lower SEP women were less likely
than higher SEP women to drink excessively, while the opposite was observed in men in most countries
(45).

Obesity was the most important mediator of SEP-related cancer morbidity and mortality in
females, whereas it did not mediate these associations in males. To our knowledge, no prior research has
examined differences in obesity-mediated cancer inequities according to sex/gender. Although
participants in the CCHS were only asked to report biological sex, biological sex and socially constructed
gender roles are inextricably linked, and thus it was not possible to disentangle their effects in this study.
Previous research in Canada and the US supports the existence of socioeconomic and sex/gender
inequities in obesity (46,47). Obesity is more frequently observed among females with a lower SEP,
whereas in males obesity is more concentrated among those with a higher SEP (particularly higher
income) (48-51). Sex/gender differences in the socioeconomic patterning of obesity may arise from
cultural and symbolic values of body shape whereby larger female body shapes are stigmatized, and the
larger body sizes of males are considered to indicate strength, power and dominance (48,52). Thus, our
results are consistent with these sexed/gendered socioeconomic differentials in obesity, and the known

contribution of obesity to risk of multiple cancers (8).

Given that modifiable risk factors mediated nearly one half of associations between low SEP and
cancer morbidity and mortality in the total population, our results suggest that low SEP may confer

vulnerability to cancer in part by diminishing access to economic, cultural and social resources that can
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promote and support positive lifestyle practices related to smoking, alcohol intake, physical activity,
dietary intake, and body weight (53). Midstream interventions that address these modifiable risk factors
(e.g. targeted healthy food subsidies, locating recreation and sports facilities in disadvantaged
neighbourhoods) may therefore represent one important opportunity to reduce inequities in cancer in the
short-term. Such interventions are particularly important given the difficulty and long timelines required
to implement more upstream interventions. Nevertheless, more than one half of the total effect of SEP
remained unexplained and there was some inconsistent mediation in females. In this respect, our results
challenge conventional thinking that inequities in cancer risk are simply the result of “risky lifestyle
behaviours” on the part of socioeconomically disadvantaged groups and indicate the importance of
examining other potential mediators. Future studies might assess the mediating role of social support,
social capital, resilience, discrimination, housing, stress, and/or food insecurity, to name a few. For
instance, food insecurity was the strongest mediator of associations between county-level median incomes
and cancer mortality in one US study (54).

It is important to acknowledge that in referring to dietary intake, obesity, excess alcohol
consumption, smoking and physical inactivity as modifiable risk factors, we do not mean to imply that
they result from the poor choices of socioeconomically disadvantaged groups. Systematic differences in
cancer morbidity and mortality between low and high SEP groups are a consequence of social contexts
that shape the distribution of resources within society according to factors such as level of income,
educational attainment, occupation and others (55,56). That is, people adopt particular lifestyle patterns
according to their assessments of what is structurally possible for them, such as with respect to the costs
of fruits and vegetables in relation to available household income (57). Thus, the social context both
empowers and constrains the exercise of human agency, and it is only by addressing contextual
constraints that individuals can exercise their agency in health-promoting ways (58). Therefore, the extent
to which these factors are modifiable by individuals is limited. Rather, these factors are more
appropriately portrayed as modifiable via structural change. As discussed in the CSDH framework, while
midstream interventions that address intermediary modifiable determinants among lower SEP groups may
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help to alleviate inequities in cancer risk in the short-term, ultimately upstream structural interventions
that address the inequitable distribution of power and resources within society are needed to substantially
reduce socioeconomic inequities in cancer morbidity and mortality. Such strategies might encompass
policies that ensure universal access to high quality childcare and education, legislating a living wage,

increases to social assistance rates; or more radically a universal basic income guarantee.

This study demonstrates several important strengths, including its large sample size, use of
nationally representative data, and prospective design with objectively measured, long-term health
outcomes for all participants. Excluding participants with a history of cancer at baseline helped to
minimize reverse causality. Measurement of mediating effects using GSEM is another strength, as GSEM
enables simultaneous consideration of multiple potential mediators and pathways and has much greater
statistical power than standard regression models (13). Limitations include the potential for social
desirability, non-response and/or recall biases due to the self-reported nature of exposures and mediators
in the survey data. However, survey weights were applied to account for non-response bias. As
respondents’ sociodemographic and risk factor information was collected at baseline only, it was not
possible to measure changes in SEP and modifiable risk factors over the course of follow-up. We
combined information on the two most common measures of SEP, education and household income, to
create a latent SEP variable to capture a more comprehensive perspective of SEP. Nevertheless, SEP is a
complex construct that is not adequately captured by these two, or any other combination of indicators
(59). Therefore, future studies are needed to understand how other dimensions of SEP interact to shape
risk of cancer morbidity and mortality. Although we had little missing data overall, 15% of data
pertaining to alcohol intake were missing, which could bias these estimates. In addition, respondents from
Quebec were excluded from the cohort, as Quebec does not report to the DAD, while residents of
Manitoba were excluded prior to 2004. These exclusions could limit the representativeness of our results.
There are different practices in the literature with respect to the use of time lags. While some studies opt

to exclude the first year of follow-up, we followed the practices of others (11,40) who have included the
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first year of follow-up given that our SEP exposures and modifiable risk factor mediators (e.g. smoking,
obesity) were likely to have been stable for several years prior to their measurement at baseline.
Moreover, the rate of cancer morbidity and mortality in the first year of follow-up was similar to the rate
in all subsequent years. Finally, we focused on combined cancer morbidity and mortality as our outcome
of interest; however, the total mediating effects of modifiable risk factors were comparable with two
previous studies that examined these outcomes separately (10,11).

In conclusion, low SEP was associated with higher cancer morbidity and mortality in the
Canadian population. Modifiable risk factors were important mediators of inequities in cancer morbidity
and mortality, although more than one half of these associations remained unexplained. While midstream
interventions that target modifiable risk factors may help to alleviate inequities in cancer risk in the short-
term, ultimately upstream structural interventions are needed to prevent and reduce inequities in cancer
morbidity and mortality.
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Figure 1 Cohort selection
CCHS: Canadian Community Health Survey; DAD: Discharge Abstract Database

Figure 2. Causal pathway diagrams for evaluation of mediating effects of modifiable risk factors on
associations between low socioeconomic position (SEP) and cancer morbidity and mortality in the total
population (Model A), females (Model B), and males (Model C); The a:—as, bi—bs and ¢’ represent path
coefficients; Adjusted for sex, age, and race/ethnicity; *p<0.05; **p<0.001
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