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Abstract

This study examined the individual and joint effects of modifiable risk factors mediating the
associations between socioeconomic position (SEP) and morbidity and mortality from

cardiovascular diseases (CVD) in a nationally representative sample of adults in Canada.

Participants in the Canadian Community Health Survey (n=289,800) were followed
longitudinally for CVD morbidity and mortality using administrative health and mortality data.
SEP was measured as a latent variable consisting of household income and individual
educational attainment. Mediators included smoking, physical inactivity, obesity, diabetes and
hypertension. The primary outcome was CVD morbidity and mortality, defined as the first
fatal/nonfatal CVD event during follow-up (median 6.2 years). Generalized structural equation
modeling tested the mediating effects of modifiable risk factors in associations between SEP

and CVD in the total population and stratified by sex.

Lower SEP was associated with 2.5 times increased odds of CVD morbidity and mortality (OR:
2.52,95% CI: 2.28, 2.76). Modifiable risk factors mediated 74% of associations between SEP
and CVD morbidity and mortality in the total population and were more important mediators of
associations in females (83%) than males (62%). Smoking mediated these associations
independently and jointly with other mediators. The mediating effects of physical inactivity were
through joint mediating effects with obesity, diabetes or hypertension. There were additional

joint mediating effects of obesity through diabetes or hypertension in females.

Findings point to modifiable risk factors as important targets for interventions along with
interventions that target structural determinants of health to reduce socioeconomic inequities in
CVD.

Keywords: Socioeconomic position; health inequities; modifiable risk factors; cardiovascular

disease; mediation analyses
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1. Introduction

Socioeconomic position (SEP), as assessed by factors such as income, educational attainment
and occupational prestige, is strongly associated with morbidity and mortality from
cardiovascular diseases (CVD) in Canada and other nations.*®* The World Health Organization
(WHO) conceptual framework describes SEP as a fundamental determinant of health and
health inequities because it shapes individuals’ exposures and vulnerability to intermediary
determinants of health such as material and psychosocial circumstances, along with health-
related practices and biological factors. 4 This model provided an overarching framework for the

current analyses.

Approximately 70% of CVD morbidity and mortality has been attributed to potentially modifiable
health-related practices (smoking and physical inactivity) and biological risk factors (obesity,
diabetes and hypertension).>~" All of these risk factors have been shown to individually mediate
associations between SEP and a variety of health outcomes, including CVD.81¢ To our
knowledge, just four previous studies have examined associations between SEP and CVD
mediated by health-related practices and biological risk factors.®*-® However, important
knowledge gaps remain. Most importantly prior studies have not examined potential mediating
roles of multiple health-related practices and biological factors simultaneously in one model,
including their joint mediating effects.”*® Second, prior studies tended to use single variables
(e.g., income, occupation, education) to represent SEP, which only partly captures its multiple
dimensions. Third, prior studies did not examine time-to-event outcomes, and therefore did not
account for the different follow up times of each cohort member in their mediation analyses.
Fourth, although two studies stratified their analyses by sex,*** direct comparisons of their
findings are difficult due to differences in indicators of SEP, mediators, and populations thus it
remains unclear whether and to what extent mediators of associations between SEP and CVD
differ between males and females. Finally, all prior studies were conducted in European nations,
none of which used nationally representative samples. It is important to examine whether and
how these pathways may differ in other contexts, given significant differences in political,
economic, physical and social environments between nations.!® Understanding the socially

contingent nature of mediation pathways is essential for effective intervention.
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In this study, we addressed these limitations by leveraging a large, nationally representative
dataset to explore the individual and joint mediating effects of modifiable risk factors, including
smoking, physical inactivity, obesity, hypertension and diabetes in associations between SEP
and CVD morbidity and mortality among adults in Canada. We also examined whether the

pathways linking low SEP with CVD morbidity and mortality differed for males and females.

2. Methods
2.1. Study design and participants

This study employed a population-based prospective observational cohort design whereby
individuals who participated in the Canadian Community Health Survey (CCHS) - Annual
between 2000/2001 and 2011 were followed longitudinally for CVD morbidity and mortality using
administrative data. The cohort consisted of CCHS participants who consented to have their
survey responses linked with administrative data (85.3%; n=614,774).2° We excluded
participants under 35 years of age, pregnant and breastfeeding women, those who self-reported
having been diagnosed with heart disease or stroke at the time of survey administration, and
those who resided in a province that did not report to the Discharge Abstract Database (DAD;
Manitoba before 2004 and Quebec) (Figure 1). Thus, n=289,800 participants were included in
the analyses. The follow-up period for each participant started from the completion date of the
cycle of the CCHS to which the participant responded and ended on the date of the first CVD
hospitalization, death, or 31 March 2013 (the endpoint of the study), whichever came first. The
procedures followed were in accordance with the ethical standards of the Helsinki Declaration of
1975 as revised in 1983. The Conjoint Health Research Ethics Board at the University of
Calgary deemed this study exempt from ethical approval because it involved secondary data

analysis of a survey conducted by Statistics Canada.?*

2.2. Data sources

We used a dataset that linked respondents from eight cycles of the CCHS (2000/2001 - 2011) to
longitudinal administrative health/mortality data in the DAD (2000-2013) and the Canadian
Mortality Database (CMDB; 2000-2013). This data set was used because the more recent 2000-
2017 data set did not include imputed household income for all years. The accuracy and
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completeness of the linkage process was confirmed by internal and external validations

conducted by Health Canada.???3

2.2.1. Canadian Community Health Survey

The CCHS is an ongoing nationally representative cross-sectional survey that uses a
multistage, stratified cluster sampling strategy to collect health-related information from
individuals living in Canada, including health status, health care utilization, health-related
practices and health determinants. Details of the CCHS methodology have been described

elsewhere. 2

2.2.2. Discharge Abstract Database

The DAD captures administrative and clinical data for all patients discharged from acute care
hospitals in Canada, except the province of Quebec and respondents from Manitoba before
2004. For consistency across survey cycles, International Classification of Diseases and
Related Health Problems, 9th Revision (ICD-9) codes assigned for survey cycles before 2004
were converted to ICD-10-CA. Hospital admission date and the most responsible diagnosis
(main diagnosis or condition that was the most responsible for the patient’s hospital stay) were

extracted for all hospitalizations between 2000 and 2013.

2.2.3. Canadian Mortality Database
The CMDB contains the cause of death (using ICD-10CA codes) reported by provincial and
territorial Vital Statistics Registries to Statistics Canada. This analysis used data from the CMDB
for the years 2000 to 2013.

2.3. Data collection

2.3.1. Exposures

Household income: Respondents reported total household income from all sources in the
previous 12 months. Respondents were divided into deciles based on the adjusted ratio of their
total household income to the low-income cut-off corresponding to their household and

community size, as derived by Statistics Canada.?® Missing data for household income were
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imputed by Statistics Canada?*. Income deciles were then dichotomized as lower (deciles 1-5)
or higher (deciles 6-10).

Educational attainment: The respondent’s highest educational attainment was dichotomized as

completed secondary school or less or completed post-secondary education or above.

2.3.2. Mediators

Smoking: Self-reported tobacco smoking was dichotomized as current or never/former

smoker.2®

Physical inactivity: A physical activity index was derived based on responses to 22 leisure
activities over the past 3 months. These responses represent the average daily energy
expended on leisure-time physical activity.?® Participants were dichotomized as
active/moderately active (21.5 kcal/kg/d) or inactive (<1.5 kcal/kg/d).

Obesity: Self-reported body weight and height were used to calculate BMI, and respondents

were dichotomized as having (BMI=30 kg/m?) or not having obesity (BMI<30 kg/m?).

Diabetes: Respondents were dichotomized as having (self-reported ever being diagnosed with

diabetes after age 30 years) or not having diabetes.?”

Hypertension: Respondents were dichotomized as having (self-reported ever being diagnosed

with high blood pressure) or not having hypertension.

2.3.3. Outcome

The primary outcome was CVD morbidity and mortality, defined as the first fatal or nonfatal CvVD
event that occurred during follow-up and dichotomized as presence or absence of CVD
morbidity and/or mortality. CVD morbidities were identified from the DAD, and deaths due to
CVD were identified through the CMDB. CVD was identified using diagnosis codes for ischemic
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heart diseases, heart failure, stroke and peripheral artery disease (ICD-10CA 120/125; 150;
163/166; 170/175 and ICD-9 428; 440/444; 433/437; 410/414).

2.3.4. Potential confounders

Potential confounders included in statistical models were sex (male, female), age (continuous)

and race/ethnicity (white, non-white).

2.4. Data analysis

2.4.1. Statistical analyses

Generalized Structural Equation Modeling (GSEM) was performed to model pathways linking
SEP with CVD morbidity and mortality mediated by modifiable risk factors (Figure 2).28 In
GSEM, itis possible to group inter-correlated variables into latent constructs, which reduces
measurement error by having multiple indicators per latent construct. In this study, we used a
latent variable for SEP consisting of household income and educational attainment.’?° The
GSEM model was developed a priori based on the WHO Framework,* and included mediators
shown to individually mediate associations between SEP and CVD in the literature.®® We also
tested bi-variate associations between the exposure, mediators and outcome in a step-wise
manner and pathways were drawn between variables that were significantly associated
(p<0.05) (Figure 2).1® There were statistically significant interactions with sex in all bi-variate
associations (p<0.05), hence all analyses were conducted in the total population and for males
and females separately. To account for the fact that some mediators may be on the causal
pathway for others, we allowed health-related practices (smoking and physical inactivity) to act
as mediators individually and jointly through biological risk factors (obesity, diabetes and
hypertension). Similarly, we examined obesity as a mediator individually and jointly through
diabetes and hypertension. The model was adjusted for potential confounders by adding
directional paths from them to all variables in the model. We compared two candidate models,
one with smoking and physical inactivity as categorical mediators and another where all
mediators were binary. The GSEM model with binary mediators was selected as it had smaller
Akaike’s information criterion (AIC) and Bayesian information criterion (BIC) values, indicating

better model fit.
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The GSEM model was fitted using the maximum-likelihood method assuming logit links and
Bernoulli distributions (binary data) for all variables. We used dichotomized exposures and
mediators to enable comparability of estimates between the various pathways we estimated. 3°
Odds ratios (OR; exponentiated coefficients from Bernoulli distributions) and unstandardized
coefficients of direct, indirect and total effects were calculated. Interactions between SEP and
the mediators were not significant and were therefore not included in the final model.*” The total
effect was calculated as the sum of the direct (unmediated) and indirect effects (indirect effect of
all mediators combined). The proportion mediated was calculated by dividing the coefficients of
the total indirect effect by the total effect.3! Differences in total, indirect and direct effects
between males and females were tested by multi-group GSEM analysis using bootstrapped

standard errors (500 replications).

The percentage of missing values for variables in our dataset was minimal (<5.2%) and handled
by list-wise deletion. All analyses were conducted using Stata version 15 (Stata Corp, Texas,
USA). P values <0.05 were considered statistically significant. Sampling weights created by
Statistics Canada were used to adjust for those who did not agree to data sharing and linkage
(~15% of the sample) and estimates were weighted to represent the population of Canada.
Bootstrapping based on 500 replications was performed to derive 95% confidence intervals

(Cls) for all mediation parameters.

2.4.2. Sensitivity analyses

We excluded CVD events that occurred within the first year of follow-up to reduce potential
reverse causation. Furthermore, to account for differing observation times of participants in each
cycle of the cohort, we conducted GSEM with time-to-event analysis. A Weibull distribution with
a logit link was used to handle time to CVD morbidity and mortality, with logit links and Bernoulli
distributions for all other variables. In this model, the exponentiated coefficients are hazards
ratios. We also conducted a sensitivity analysis in which we additionally adjusted our models for
a co-morbidity score (self-reported cancer, intestinal or stomach ulcers, chronic bronchitis,
emphysema or chronic obstructive pulmonary disease at baseline). In addition, we examined
household income and educational attainment as separate exposures to evaluate whether the

estimated mediation effects were similar to that of the primary analysis.
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3. Results

The study population comprised 289,800 CCHS patrticipants, with a mean age of 53.3 £ 12.9
years at the time of survey administration (Table 1). During a mean follow-up time of 5.3 + 3.3
years (median 6.2 years, IQR 2.25-8.25), 2.8% of participants were discharged from hospital
with a CVD diagnosis and/or died from CVD, with significant differences by sex (1.9% in

females vs. 3.6% in males; p<0.001).

Odds ratios of direct, indirect and total effects of SEP on CVD morbidity and mortality are
presented in Table 2 and are described in the text to enable direct comparisons between the
various mediating pathways. Unstandardized coefficients of the total, indirect and direct effects

are presented in Supplementary Table 1.

3.1. Total effects of SEP

The total effects of SEP on CVD morbidity and mortality were significant in the total population
(OR: 2.52, 95% CI: 2.28, 2.76) and among females (OR: 3.58, 95% CI: 3.00, 4.15) and males
(OR: 2.04, 95% CI: 1.78, 2.29) (Table 2). The total effects of SEP on CVD morbidity and

mortality were higher in females than in males (p<0.001).

3.2. Direct effects of SEP

In the total population, the odds ratio of CVD morbidity and mortality was higher among
respondents of low SEP (OR: 1.27, 95% CI: 1.17, 1.37) (Table 2, Figure 2). Similar results were

found for females and males (p<0.001).

3.3. Indirect effects of SEP

The proportion of the total effect of SEP mediated by all of the modifiable risk factors together
was 73.9%, 83.4% and 61.9% in the total population, females and males, respectively (Table 2).
The total indirect effects of SEP were higher in females than in males (OR: 2.89, 95% CI. 2.41,
3.37 vs. OR: 1.55, 95% CI: 1.31, 1.79; p<0.001). Smoking mediated associations between SEP
and CVD morbidity and mortality in the total population (OR: 1.57, 95% CI: 1.46, 1.68) and

among females and males. There was also evidence of joint mediating effects of smoking with
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all other mediators in all groups, although the joint mediating effects of smoking with obesity or

hypertension were not significant in females.

In the total population, physical inactivity mediated the effects of SEP on CVD morbidity and
mortality through joint mediating effects with other mediators including: obesity (OR: 1.04, 95%
Cl: 1.02, 1.07), diabetes (OR: 1.04, 95% CI: 1.02, 1.06), hypertension (OR: 1.03, 95% CI: 1.02,
1.06), obesity and hypertension (OR: 1.08, 95% CI: 1.05, 1.10), and obesity and diabetes (OR:
1.10, 95% CI: 1.06, 1.14). Similar indirect effects were found among females and males,

although the latter joint mediating effect was stronger in females than in males (p<0.001).

The indirect effect of SEP through obesity was significant in the total population (OR: 1.02, 95%
Cl: 1.01, 1.04) and among females and males (Table 2, Figure 2). Obesity also mediated the
effects of SEP on CVD morbidity and mortality through its associations with diabetes or

hypertension in females but not among males.

3.4. Sensitivity analyses

Similar results were found when we excluded CVD events that occurred within the first year of
follow-up (Supplementary Table 2 and Table 3). Furthermore, results from the analysis with time
to CVD morbidity and mortality as the outcome of interest were similar to the results of the main
analyses (Supplementary Table 4 and Table 5). Sensitivity analyses in which we adjusted our
models for co-morbidity score showed similar results (data not shown). When income and
education were included as individual exposures, results were largely consistent with the
primarily analysis with a few exceptions. First, the indirect effects of household income through
physical inactivity were significant in the total population. Similar results were found in females
when educational attainment was the exposure. Second, the total and indirect effects of
educational attainment were larger than they were for household income and the latent SEP
variable. Third, compared to when SEP was the exposure, the indirect effects of educational
attainment through obesity were slightly higher, and the indirect effects of household income

through obesity were slightly lower among males (Supplementary Table 6 and Table 7).

4. Discussion
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This is the first study to investigate individual and joint mediating effects of modifiable risk
factors in associations between SEP and CVD morbidity and mortality in a nationally
representative prospective cohort. We assessed mediation by multiple modifiable risk factors
simultaneously while taking into account that these factors may influence CVD morbidity and
mortality jointly as well as through individual pathways. Results indicated that SEP was
prospectively associated with CVD morbidity and mortality among adults = 35 years of age living
in Canada, with respondents in the low SEP group having 2.5 times higher likelihood of CVD
morbidity and mortality relative to those in the high SEP group. Modifiable risk factors jointly
mediated 74% of associations between SEP and CVD morbidity and mortality, with higher

mediating effects in females than in males.

Smoking was an important mediator of associations between SEP and CVD morbidity and
mortality, both individually and jointly with other mediators. Others have also found smoking to
be an important mediator of these associations.**1632 The mediating role of smoking in these
associations is likely due to the fact that low SEP is associated with an increased risk of
smoking initiation, progression to regular smoking and a reduced likelihood of cessation, along
with the fact that smoking is one of the strongest risk factors for CVD.”**34 These findings
suggest that while tobacco control programs and policies have succeeded in reducing overall
tobacco use in Canada, they do not appear to have reduced inequities in the negative health

effects of smoking.3®

Except for small mediating effects of obesity in the total population, there was no evidence that
physical inactivity and obesity individually mediated associations between SEP and morbidity
and mortality from CVD in females or males. Instead, our findings indicated that physical
inactivity and obesity mediated associations between SEP and CVD morbidity and mortality
through joint mediating effects with diabetes or hypertension. Prior studies found that obesity
and/or physical activity individually mediated associations between education and CVD,
however these studies did not consider joint mediating effects through these and other
modifiable risk factors.'#2° In support of our findings, Mora et al (2007)% found that associations
between physical inactivity and CVD morbidity were mediated via obesity and hypertension,
while others have found that diabetes and hypertension explained nearly one-half of

associations between obesity and CVD morbidity and mortality.3°
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The total effects of SEP were higher in females than in males and there were some sex-specific
patterns in indirect effects. These findings suggest that females may be more susceptible to the
negative health effects of a lower SEP, which is consistent with previous studies.**-4? Although
participants in the CCHS reported biological sex, sex and gender are interrelated, and thus it is
not possible to separate their effects. The mechanisms underpinning these sex/gender-specific
differences are likely related to sex/gender differences in the socioeconomic patterning of
modifiable risk factors that are both biological in nature and linked to gender identity and
societal roles.**** Our findings therefore suggest that strategies to reduce socioeconomic
inequities in morbidity and mortality from CVD may require distinct approaches for males and

females.

Our findings suggest that midstream interventions that address smoking, physical inactivity and
obesity among lower SEP groups may be important leverage points for intervention to reduce
the risk of developing diabetes and hypertension, and subsequent CVD. Our analysis highlights
the linked nature of modifiable mediators and suggests that rather than addressing single
mediators in isolation, a more useful approach could be to target multiple mediators
simultaneously. This is consistent with the concept of 'health lifestyles,” which refer to
constellations of health-related practices that co-occur, some of which may be more or less
healthful.#>4¢ These practices emerge from the interaction of agency and structure, whereby
individuals choose those practices that are available and accessible to them based on their
unique social locations and group memberships.*°#® Addressing underlying ‘health lifestyles’
may therefore be essential to meaningfully change individuals’ health trajectories. Nevertheless,
although midstream interventions that target health-related practices and biological risk factors
can be helpful, health inequities will persist so long as social inequities do. Therefore, it will
ultimately be essential to tackle the social mechanisms that yield unequal access to the social
determinants of health, including governance mechanisms, macroeconomic and social policies,

cultural and societal values, among others.*

The large and nationally representative sample with prospective follow-up over a median of 6.2
years was an important strength of this study. In addition, we excluded individuals with self-
reported CVD at baseline and conducted a sensitivity analysis excluding those who were
diagnosed with CVD or died within the first year after completing the survey to minimize the

potential for reverse causality. There are also limitations of this study. First, OR could
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overestimates the risk ratio when the incidence of the outcome is high, so caution in
interpretation is required. SEP and modifiable risk factors were only measured once at baseline
and were not updated over time. In addition, SEP and all mediators were assessed at the same
time, however education is very likely to have been stable for many years prior to baseline (i.e.
adults were aged = 35 years) and the CCHS requested household income in the previous 12
months. Therefore, there is a stronger case for the temporal ordering of our exposures and
mediators, although the temporal associations between health-related practices and biological
mediators are less certain. For this reason, we have referred to joint, rather than to sequential
mediating effects throughout. By its very nature, modeling entails simplifying complex
relationships. Finally, although we were able to explain 74% of associations between SEP and
CVD, one gquarter of the associations between SEP and CVD morbidity and mortality remained
unexplained by our model. Future studies might assess the potential mediating role of factors
such as dyslipidemia, dietary patterns, social support, stress, and food insecurity, among others,

in accounting for the remainder of these associations.

5. Conclusion

In conclusion, low SEP was prospectively associated with 2.5 times increased odds of CVD
morbidity and mortality among adults = 35 years of age living in Canada. Modifiable risk factors
mediated 74% of associations between SEP and CVD morbidity and mortality. Smoking was an
important mediator of these associations, both individually and jointly with other risk factors. The
mediating effects of physical inactivity and obesity operated through joint mediating effects with
diabetes or hypertension. Some of these pathways differed in females and males. While these
findings highlight modifiable risk factors as targets to alleviate inequities in CVD morbidity and
mortality in the medium-term, effective long-term solutions must also address the structural

upstream determinants of inequities in CVD morbidity and mortality to enhance health equity.
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