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Social inequalities in mortality

Relative Inequalities in the Rate
of Death from Any Cause.

Social inequalities in CVD: mortality

 Pooled study of prospective cohorts from 9
European Countries with availability of individual-level data
on risk factors
 Low education associated with two-fold increase
in CVD mortality risk, in men and in women
 Inequalities in behavioral risk factors distribution
(smoking, BMI, alcohol intake, physical activity, diet) to
account for 29% and 34% of such inequalities in men and
women, respectively
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Social inequalities in CVD: incidence
 Low socio-economic position and AMI incidence
Meta-analysis of studies published up to 2009, mostly from
the US, Canada and Europe
(Manrique-Garcia et al, JECH 2011;65:301)

Summary Pooled Estimate
Men
Women
Europe
Adjusted for Risk Factors

n
47
13
15
29
16

RR (95%CI)
Q p-value I^2 (%)
1.34 (1.22 to 1.47) <.0001
77.6
1.24 (1.04 to 1.48) <.0001
83.7
1.58 (1.25 to 2.00) <.0001
66.5
1.33 (1.17 to 1.50) <.0001
82.6
1.26 (1.06 to 1.49) <.0001
68.4

Social inequalities in CVD: incidence
 Low socio-economic position and STROKE incidence
Meta-analysis of 17 cohort or case-control studies (pub date
1980-2008 - Kerr GD et al, Cerebrovasc Dis 2011;31:57)

Study design
Age, sex

Cohort(11+3), CA-CO(2), CS(1)
12 with available data
25-74(7); 50+(3), <50(1);
men only(4), women only(1)

Countries

US(3), UK(5), Nordic Countries
(2), NED(1), China(1)

Diagnosis

Self-reported(5),
HDD/DC(7)

Endpoint

F(2), F+NF(10)

SES measure

Occupation(7), education(7),
income(4), deprivation index(4)
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Social inequalities in CVD: incidence
 Low socio-economic position and STROKE incidence
Meta-analysis of 17 cohort or case-control studies (pub date
1980-2008 - Kerr GD et al, Cerebrovasc Dis 2011;31:57)

Pooled HR:
1.67 (1.46-1.91)
Heterogeneity I2: 48%
MRF-adj pooled HR:
1.31 (1.16-1.48)
Heterogeneity I2: 33%
RFs:
SMK(12), BP(10), DM(7),
alcohol(10), lipids(3),
PA/exercise(7)

Heterogeneity in education: different studies
 N=11 prospective cohort studies (pub date 20002014) on education and CVD incidence in Europe
(n=8 on CHD, n=2 on STROKE incidence, n=1 on both)

 The prevalence of “low education” varies across:
- populations [from 20% to 69%]
- birth cohort within the same population [from 50% to
24%]
reflecting different schooling systems, changing over time
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Heterogeneity in education: single study

Social inequalities in CVD

 High heterogeneity of results coming from separate
studies, possibly due to methodological differences
(SES measure, CVD outcome, set of covariates…)

 Heterogeneity: key limitation to questions beyond
association
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Open questions on SES and CVD
1. Is the relationship between socio-economic
position and CVD different across [European]
populations?
2. Determinants of inequalities in CVD mortality: break
down the contribution of disease incidence and casefatality
3. Determinants of inequalities in CVD incidence:
differential exposure and differential vulnerability

The MORGAM Project
Multinational collaborative study of prospective cohorts
(www.thl.fi/morgam)
- Recruitment period:
mostly mid1980smid1990s, recent
cohorts available for
some populations
- Harmonized data on
risk factors
assessment at baseline
and follow-up
procedures
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The MORGAM Project
CHD analyses:
- 110,928 men and women 35-64 yrs old and free of
CVD at baseline;
- 12 years median follow-up time;
- 3244 CHD deaths and 6522 incident CHD (F+NF)
Stroke analyses:
- 126,635 men and women 35-74 yrs old and free of
CVD at baseline;
- 10 years median follow-up time;
- 3061 non-fatal and 727 fatal incident stroke
events

Indicators of individual SES

MORGAM data:
- Educational attainment
- Years of schooling
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Educational attainment

MORGAM Data Quality Assessment

Educational attainment

MORGAM Data Quality Assessment
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Educational inequalities in MORGAM
1. Three educational classes defined from population,
sex and year of birth-specific tertiles of full-time years
of schooling [Karvanen J et al. Eur J Epidemiol 2007]

2. Regression-based measures of educational class
inequalities to take into account the distribution of
educational classes in different populations
[Mackenbach JP et. al, Soc Sci Med 1997]

Educational inequalities in MORGAM
In each population and gender group, rank individuals by
educational class and assign the mean rank [a/2,
a+b/2 and a+b+c/2 if a, b and c were the proportions of
people in the low, intermediate and high education
categories respectively]
Use the rank variable as the explanatory variable in
regression models on the health measure of interest,
to estimate the difference in health outcome between the
most educated (rank=1) and the least educated (rank=0)
subjects.
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Educational inequalities in MORGAM
Slope Index of Inequality (SII): difference in event
rates at the attained age of 60 years between the least
and the most educated subjects
- Additional number of events due to low education
per 100,000 p-y
- Poisson regression models

Relative Index of Inequality (RII): Hazard Ratio
between the least and the most educated subjects
- Cox models with attained age on the time scale

For technical details see also: Sergeant JC, Firth D. Relative index of inequality: definition,
estimation and inference. Biostatistics 2006;7:213-224

Open questions on SES and CVD
1. Is the relationship between socio-economic
position and CVD different across European
populations?
2. Determinants of inequalities in CVD mortality: break
down the contribution of disease incidence and casefatality

3. Determinants of inequalities in CVD incidence:
differential exposure and differential vulnerability
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CHD mortality and incidence, men

No evidence of heterogeneity (Wald chi-square test p=0.2)
Veronesi G et al, Heart 2016

CHD mortality and incidence, women

No evidence of heterogeneity (Wald chi-square test p=0.4)
Veronesi G et al, Heart 2016
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Stroke incidence

Ferrario MM et al, JECH 2017

Cumulative CVD risk in MORGAM

Adapted from: Veronesi G, et al. Eur J Prev Med 2017
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Open questions on SES and CVD
1. Is the relationship between socio-economic
position and CVD different across European
populations?
2. Determinants of inequalities in CVD mortality: break
down the contribution of disease incidence and casefatality
3. Determinants of inequalities in CVD incidence:
differential exposure and differential vulnerability

Break down of inequalities in CHD mortality
Break down of inequalities in CHD mortality (M) as the
sum of inequalities in incidence (I) and in 28-day
case-fatality (F)
- For any given educational class e:
M(e)=I(e) x F(e)
or equivalently
log[M(e)]=Log[I(e)] + Log[F(e)]

[1]

- Fit log-linear models* on M, I and F with education as
continuous variable, adjusted for age – by population
and gender
- The coefficients for education in the three models
approximate relationship [1]

*: Assuming Poisson distribution for M and I, and binomial distribution for F. Full details
in: Veronesi G. el al, Heart 2016.
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Break down of inequalities in CHD mortality - men
Scotland, Finland, Denmark,
Sweden, Lithuania: more
than 80% of inequalities
in MRT were due to event

incidence

Central/South EU, Belfast:

31%-76% of
inequalities in CHD
mortality due to 28day CF

Break down of inequalities in CHD mortality - women

In 6/8 populations,
inequalities in CVD mortality
mainly driven by inequalities
in event incidence
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Open questions on SES and CVD
1. Is the relationship between socio-economic
position and CVD different across European
populations?
2. Determinants of inequalities in CVD mortality: break
down the contribution of disease incidence and casefatality
3. Determinants of inequalities in CVD incidence:
differential exposure and differential vulnerability

Inequalities in CVD: mechanisms of action

Nordahl H, Dan Med 2014
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Differential exposure (DE)
SES influences
exposure to CVD risk
factors
- i.e. CVD risk factors
are differently
distributed across SES
levels

Nordahl H, Dan Med 2014

Assessing DE in MORGAM
1. Distribution of CVD risk factors measured at
baseline across educational classes – age-adjusted
mean difference or prevalence ratio
2. Relative Index of Inequality (RII) from Cox
models with attained age on the time scale
- Contribution of risk factors estimated as:
100*[ln(RIIRF-adj)-ln(RIIage-adj)]/ln(RIIage-adj)
- Expected reduction in inequality in event due to
interventions aimed at “levelling” the risk factors
distribution in the least educated to that of the most
educated individuals
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Educational class inequalities in RFs
Cigarette smoking

Ferrario MM et al, Heart 2014

Educational class inequalities in RFs
Systolic Blood pressure

Ferrario MM et al, Heart 2014
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Educational class inequalities in RFs
Total cholesterol

Ferrario MM et al, Heart 2014

Educational class inequalities in RFs
HDL-cholesterol

Ferrario MM et al, Heart 2014
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DE and CHD incidence, men

DE in RFs explains 36% of inequalities in CHD incidence
Smoking is the single largest contributor. Contribution of non
HDL-C and HDL-C varies across populations
Veronesi G et al, Heart 2016

DE and CHD incidence, women

DE in RFs explains 36% of inequalities in CHD incidence
HDL-C and SBP were the two largest contributors. The
contribution of smoking varies across populations
Veronesi G et al, Heart 2016
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DE and stroke incidence, men and women

Ferrario MM et al, JECH 2017

DE – CI framework

TE = DE + IE
% of TE mediated by
RFs: 100*IE/TE
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DE – CI framework
Regression-based approach vs. CI:
Similar interpretation if IE is defined by setting the
mediator level among exposed (low SES) to the level
among the un-exposed (high SES) – aka “natural indirect
effect”.

Differential vulnerability (DV)
Synergy between SES
and CVD risk factors
on CVD risk
- i.e. the same level of
exposure may have
different effects across
SES levels

Nordahl H, Dan Med 2014
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Differential vulnerability (DV)
Rationale:
- Accumulation of psychosocial stressors and allostatic
load [Schwartz J et al, Am J Public Health 2011] - In middleaged women, greater plaque accumulation over
time independently of RFs factor [Thurston RC, Stroke 2014]
- Interplay with environmental stressors [Munzel T, Eur
Heart J 2017]

- Measurement error: ex. smoking yes/no vs.
cumulative exposure to smoke – masked “differential
exposure” effect

How to estimate DV?
1. SES*RF interaction [on the additive or on
the multiplicative scale]
- Example on the multiplicative scale:
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How to estimate DV?
1. SES*RF interaction [on the additive or on
the multiplicative scale]
- Example on the additive scale:

- RFs: current smoking, BP, obesity
- Fine-Grey model on cumulative risk function,
taking CR into account (CHD, stroke, death from other
causes)

DV and additive interaction

- Compared to more educated smokers, the less educated had an
added increase in absolute risk of CVD of 3.1%
- Consistent by smoking categories (≤10, 11-20, >20
cigs/day) to check for residual confounding due to the quantity
of cigarette smoked (measurement error).

Veronesi G et al, Eur J Prev Cardiol 2017
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DV and additive interaction
- Men with 2+RFs, low education:
added increase in absolute risk of CVD
of 3.6% (95%CI: 0.1% to 7.0%)

- Women with 2+RFs, low
education: added increase in
absolute risk of CVD of 2.6% (95%CI:
-0.5% to 5.6%)

Veronesi G et al, Eur J Prev Cardiol 2017

Additive interaction – Pros and cons

+: Interpretation: less educated men have more to gain from
smoking cessation, lifestyle interventions [preferred target
category for PH interventions]

-: No clear separation between DV and DE – not possible to
explore the causal pathway for the synergistic interactions that
are invoked by the differential vulnerability hypothesis

Veronesi G et al, Eur J Prev Cardiol 2017
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Final remarks
 Comparison of literature data on social
inequalities in CVD difficult due to methodological
differences across studies
 Multi-national collaborative studies may
reduce artificial heterogeneity and provide the
opportunity to address questions other than
association
 Require care in definition of SES indices –
example of educational classes

Final remarks

In European populations, low education
accelerates by about 5 years the cumulative risk
of incident CVD, already from the early 40s on.

The association between low education and CVD
incidence is quite consistent across populations
and gender groups – present also in
Central/Southern populations
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Final remarks

Conversely, major determinants of inequalities
are likely to vary across European populations
and gender groups

Interventions in lower social strata should be
tailored across different European regions in order
to close the social gap

What’s next
DE in traditional risk factors accounts for:
- 36% of inequalities in CHD incidence
- 40% to 70% in stroke incidence
- Less than 20% in stroke incidence in
Central/South EU populations
Further studies are needed to grasp the proportion
of inequalities in CVD incidence not accounted for by
DE in traditional risk factors
[diet? ethnic issues? new biomarkers? genetic
traits?]
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What’s next
Better understanding of the DV hypothesis:
- More complex approaches to isolate and estimate
DE and DV simultaneously (Oaxaca-Binder
Decomposition; Causal Inference framework)
- Use of biomarkers data from several pathways
(inflammatory, cardiac necrosis, renal and metabolic
impairment, testosteron, NT-pro-BNP), also combined in
an allostatic load framework

Thanks for your attention
MORGAM papers on socio-economic inequalities in
cardiovascular disease
Ferrario MM, Veronesi G, Kee F, et al. Determinants of social inequalities in stroke
incidence across Europe: a collaborative analysis of 126 635 individuals from 48 cohort
studies. J Epidemiol Community Health. 2017 Dec;71(12):1210-1216.

Veronesi G, Tunstall-Pedoe H, Ferrario MM, et al. MORGAM Project. Combined effect of
educational status and cardiovascular risk factors on the incidence of coronary heart
disease and stroke in European cohorts: Implications for prevention. Eur J Prev
Cardiol. 2017 Mar;24(4):437-445
Veronesi G, Ferrario MM, Kuulasmaa K, et al. Educational class inequalities in the
incidence of coronary heart disease in Europe. Heart. 2016 Jun 15;102(12):958-65.
Ferrario MM, Veronesi G, Chambless LE, et al.; MORGAM Project. The contribution of
educational class in improving accuracy of cardiovascular risk prediction across
European regions: The MORGAM Project Cohort Component. Heart. 2014
Aug;100(15):1179-87.

27

