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BACKGROUND: Understanding the magnitude of cardiovascular disease (CVD) inequalities is the first step toward addressing
them. The linkage of socioeconomic and clinical data in universal health care settings provides critical information to charac-
terize CVD inequalities.

METHODS AND RESULTS: We employed a prospective cohort design using electronic health records data from all residents
of Catalonia aged 18+ between January and December of 2019 (N=6332228). We calculated age-adjusted sex-specific
prevalence of 5 CVD risk factors (diabetes, hypertension, hyperlipidemia, obesity, and smoking), and 4 CVDs (coronary heart
disease, cerebrovascular disease, atrial fibrillation, and heart failure). We categorized income into high, moderate, low, and
very low according to individual income (tied to prescription copayments) and receipt of welfare support. We found large in-
equalities in CVD and CVD risk factors among men and women. CVD risk factors with the largest inequalities were diabetes,
smoking, and obesity, with prevalence rates 2- or 3-fold higher for those with very low (versus high) income. CVDs with the
largest inequalities were cerebrovascular disease and heart failure, with prevalence rates 2 to 4 times higher for men and
women with very low (versus high) income. Inequalities varied by age, peaking at midlife (30-50years) for most diseases, while
decreasing gradually with age for smoking.

CONCLUSIONS: We found wide and heterogeneous inequalities by income in 5 CVD risk factors and 4 CVD. Our findings in a
region with a high-quality public health care system and universal coverage stress that strong equity-promoting policies are
necessary to reduce disparities in CVD.
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tality have been documented in many countries.'3

Differences in socioeconomic status (SES), measured
as level of education, income, and occupation, play a
large role in the distribution of CVD risk and mortality,
with a number of studies showing a higher prevalence of
CVD in low-SES (versus high-SES) populations.*® Lower
SES groups are more likely to be exposed to risk factors
and less likely to access timely and high-quality health

Inequalities in cardiovascular disease (CVD) mor-

care. However, inequality in CVD varies across countries
and is present even in those with universal health care.”®

In countries with universal health care, the pathway
between SES and access to health care may be a
less important contributor to health inequities, given
universal access to health care services, regardless
of their ability to pay. For example, Catalonia has a
single payer universal public health care system, with
almost complete coverage for all residents: health
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CLINICAL PERSPECTIVE

What Is New?

e There are large socioeconomic status inequali-
ties in cardiovascular disease and associated
risk factors in a population with universal ac-
cess 1o health care.

e Low-income men were 2 to 4 times more likely
to have cerebrovascular disease and heart fail-
ure than their high-income counterparts; low-
income men and women were 3 to 4 times
more likely to have diabetes compared with
their high-income counterparts.

e For most conditions, inequalities were widest
among midlife adults (30-50years).

What Are the Clinical Implications?

e Clinical interventions alone are not likely to re-
duce these disparities.

e Although universal access to health care is im-
portant, it falls short of eliminating cardiovascu-
lar disease inequalities.

e A combination of population-based and tar-
geted equity-promoting policies is necessary to
address the root causes of these inequalities.

Nonstandard Abbreviations and Acronyms

CCHS Catalan Health Surveillance System of
the Government of Catalonia

RIl relative index of inequality

Sl slope index of inequality

care services are free at the point of delivery except
for drug prescriptions, which have a copay calculated
according to individual income.'® However, ever under
these conditions, we have previously shown wide
socioeconomic disparities in life expectancy in the
overall population' of Catalonia and in its population
with heart failure.'? Inequalities in CVD and CVD risk
may persist if other pathways remain important to dis-
ease causation. In fact, the theory on the fundamental
causes of diseases posits that social inequalities may
be replicated via new pathways and that only a com-
prehensive set of policies addressing the social deter-
minants of health can generate meaningful change in
health inequalities.”®

To better understand the patterns leading to in-
equalities in mortality in a context with universal health
care, we studied inequalities in CVD, the most com-
mon cause of death in the region.'*'® Specifically, the
objective of this study is to examine inequalities by in-
come in the prevalence of 5 CVD risk factors (diabetes,
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hypertension, hyperlipidemia, obesity, and smoking),
and 4 CVDs (coronary heart disease, cerebrovascular
disease, atrial fibrillation, and heart failure), in the entire
adult population of Catalonia by leveraging exhaus-
tive local databases that link demographic, socioeco-
nomic, and clinical data.

METHODS

Study Design and Data Source

This is a prospective cohort study using data from
the Catalan Health Surveillance System of the
Government of Catalonia (CCHS). The CCHS is an
electronic health records (EHR) system, where each
resident of Catalonia is assigned a unique personal
identification number, which can be used to track use
of health care services by each individual. The CCHS
data set contains individual-level demographic and
clinical data from more than 6 million adults (aged
18+) who are residents of Catalonia. The CCHS also
collects data on categorized annual individual income
and receipt of welfare support from the Catalan gov-
ernment, which is used to calculate copayments for
drug prescriptions. Importantly, although all residents
are included in the CCHS data set, visits and diag-
noses received in private clinics are not captured in
these data, but such diagnoses may be recorded
later in the EHR, especially to be able to obtain pre-
scriptions in the publicly funded system. More details
on the CCHS have been published in previous stud-
ies."1216 Because of the sensitive nature of the data
used in this study, requests to access the data set
from qualified researchers trained in human subject
confidentiality protocols may be sent to the Catalan
Health System (CatSalut).

Exposure

We used data on the categories of income and re-
ceipt of welfare support used to determine copay-
ments, which include the following 4 groups: (1) high
income defined as individuals with annual income
higher than 100000euros, (2) moderate income de-
fined as individuals with income between 18000 and
100000euros, (3) low income defined as individuals
with income <18000euros, and (4) very low income
defined as those receiving welfare support from the
government. Although these groups are broad, further
disaggregation is not possible as these are the thresh-
olds defined by law to assign copayments for pre-
scriptions, and linked income data are available only
using these categories. Nonetheless, we have previ-
ously found this categorization to be highly predictive
of life expectancy in people with and without CVD."?
We also had data on sex (men/women) and age (18—
19, 20-24, 25-29... 80+).
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Outcomes

We examined 5 CVD risk factors: diabetes, hyper-
tension, hyperlipidemia, obesity, and smoking; and
4 cardiovascular diseases: coronary heart disease,
cerebrovascular disease, atrial fibrillation, and heart
failure. These outcomes were defined according to
International Classification of Diseases, Ninth Revision
(ICD-9), recorded in the CCHS data set. To calculate
prevalences, we used diagnosis codes from health care
encounters starting in 2011. Until 2017, health care ser-
vices used a mix of classifications, including /ICD-9 and
International Classification of Diseases, Tenth Revision
(ICD-10). For this study, all data were recoded to ICD-
9. Table S1 contains the specific codes used for each
disease. Individuals were classified as a prevalent case
if they had a diagnosis code (for a given risk factor or
disease) by December 31, 2019. For secondary analy-
sis, we also classified individuals as a newly diagnosed
case if they were free of a given risk factor or disease
by January 1, 2019, and then had a diagnosis code
for that same risk factor or disease by December 31,
2019. Because newly diagnosed cases may not fully
represent incident cases owing to length-time bias, we
focus most results on the analysis of prevalence but
present incidence results in Figures S1 and S2.

Statistical Analysis

The main objective of this analysis was to examine so-
cioeconomic inequalities in 5 cardiovascular risk fac-
tors and 4 cardiovascular diseases. We conducted our
analyses in 3 steps. First, we calculated sex- and age-
specific prevalence of 5 CVD risk factors and 4 CVDs
stratified by income (high, medium, low, and very low).
Prevalence was calculated for each age (in the catego-
ries outlined previously), sex, and income group using
the number of existing cases as of December 31, 2019,
and the total population in the group as the denomina-
tor. We then calculated age-adjusted rates using the
direct method of standardization and the 2000 to 2025
World Health Organization World Standard Population
as the referent population.!”” We plotted prevalences by
sex and income group and compared rates across all
outcomes.

Second, we computed 2 indices of inequality: the
relative index of inequality (RIl) and the slope index of
inequality (Sll). Both are measures that provide a de-
scription of the linear association between an ordinal
or continuous SES indicator (in our case, income) and
an outcome. The SlI provides an absolute measure of
inequality while the Rl provides a relative measure.'® To
estimate the RIl while accounting for age, we followed
the approach by Moreno-Betancur et al.’® and fitted
an overdispersed Poisson model, where each row is
an age-income group and where we model the counts
of prevalent cases in each age-income group with an
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offset for the population of that age-income group.
The model includes fixed effects for age categories
and income as an ordinal variable. The exponentiated
coefficient for income represents the ratio between the
bottom and top of the hierarchy of income. To esti-
mate the age-adjusted SlI, we followed the same ap-
proach by Moreno-Betancur et al.,'® using an additive
overdispersed Poisson model, where we obtained the
Sll for age category and then obtained a weighted sum
of these SlIs, weighted using the 2000 to 2025 World
Health Organization World Standard Population. For
both the RIl and SIl calculations and to maximize the
likelihood of model convergence, we pooled age cate-
gories into <40, 40 to 49, 50 to 59, 60 to 69, 70 to 79,
and 80+.

Third and last, we repeated the RIl models adding
an interaction of income with age in order to estimate
how these relative inequalities varied by age. In this
model, age was operationalized as continuous (rep-
resenting the midpoint of each age group), and intro-
duced using linear, quadratic, and cubic polynomials,
along with an interaction with income, to allow for flex-
ibility in the modeling of the RIl by age. We then used
a linear combination of coefficients to calculate the
predicted Rl across ages. To avoid instability in co-
efficients, we show ages only where the sex/outcome
combination had at least 5 cases of the outcome in
each income group.

We performed 2 sets of sensitivity analyses. First,
we repeated the calculation of age-adjusted preva-
lences and the RIl using newly diagnosed cases (as
a proxy for incidence). For this, 1-year cumulative inci-
dence was calculated for each age, sex, and income
group using new cases between January 1, 2019 and
December 31, 2019, and the population free of the risk
factor or disease by January 1, 2019 as the denomina-
tor in each income group. Age-adjusted rates of newly
diagnosed cases were then calculated using the 2000
to 2025 World Health Organization World Standard
Population. The second sensitivity analysis aims to
account for a potential underestimation of diagnosis
among individuals who use private health care and
whose diagnoses may not be captured in these data.
For this, we conducted a sensitivity analysis including
(in numerators and denominators) exclusively users of
the public health care system, defined as those who
have used primary health care, emergency room, spe-
cialty care or have been hospitalized, all in the publicly
funded system at any point in 2019.

All analyses were conducted in R, version 4.0.1.
Overdispersed Poisson models were fitted using the
package gim2. This study was approved by the ethics
committee of the Institut d’Investigacié Biomédica de
Bellvitge and conformed to the Declaration of Helsinki.
Data were deidentified, thus informed consent was not
obtained.
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RESULTS

Study Population

A total of 6332228 individuals were included in this
analysis (Table 1). The majority were in the low-income
group (61.0%), followed by moderate income (34.6%),
with 3.3% and 1.1% in the very-low- and high-income
groups, respectively. Women and younger adults
were disproportionally represented in the low- and
very-low-income groups. Among all residents, 15%
were foreign born, with nearly half of those being from
low-income countries, 51% were actively employed,
and 7% were receiving unemployment subsidies.
Foreign-born residents as well as those receiving
unemployment benefits were disproportionally rep-
resented in the low- and very-low-income groups.
High-income individuals were less likely to be users
of the public health care system (Table 1). Overall, in
December 2019, 9.3% of the adult Catalan population
had diabetes, 24.6% had hypertension, 20.6% had
hyperlipidemia, 18.5% had obesity, and 20.9% of the
population smoked. We also found prevalence rates
of 3.8%, 3.8%, 3.3%, and 2.5% for ischemic heart dis-
ease, cerebrovascular disease, atrial fibrillation, and
heart failure, respectively (Table 1).

Inequalities by Income in Cardiovascular
Risk Factors and Diseases

Age-adjusted prevalence rates for the 5 CVD risk fac-
tors showed large income-based inequalities for both
men and women (Figure 1), with higher rates for the
lower income groups, and a gradual decrease in
prevalence with higher income categories. Men and
women of high income had prevalence rates for diabe-
tes of 3.8% and 2.2%, respectively whereas rates were
almost 3 to 4 times higher in men and women of very
low income. For hypertension and hyperlipidemia, we
observed higher prevalence rates but relatively smaller
gaps between the income groups, particularly for men.
For obesity, we observed very wide inequalities, par-
ticularly for women, with women of very low income
having almost 6 times higher prevalence of obesity
than women of high income. Finally, smoking preva-
lence for very-low-income men was more than 4 times
higher than for men of high income (Figure 1). We also
observed similarly wide inequalities in the age-adjusted
prevalences of the 4 cardiovascular diseases (Figure 2).
Specifically, the prevalence of ischemic heart disease,
cerebrovascular disease, and heart failure among men
of very low income was 1.6, 2.4, and 4.2 times higher
than among men of high SES. These inequalities were
also wide among women, with rates 2.5, 2.5, and 3.4,
higher for very-low-income women compared with
high-income women. We did not observe inequalities
in the prevalence of atrial fibrillation among men, as the
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prevalence was similar across income groups, but did
observe a social gradient in women (Figure 2).

Relative and Slope Indices of Inequality
by Outcome and Sex

Table 2 shows the age-adjusted Rl and Sl for all out-
comes, stratified by sex. For risk factors, we found Rlls
ranging from 1.28 (hypertension in men) to 3.67 (obesity
in women), meaning that the prevalence at the bottom
versus top of the income distribution was between 1.28
(for hypertension in men) and 3.67 (for obesity in women)
times higher. In general, we found higher Rlls for women
(up to 2 times higher in the case of obesity), except for
smoking, where men had a slightly higher RIl. For CVD,
we found that heart failure had the highest Rlls, at 4.65
and 3.51 for men and women, respectively, whereas
atrial fibrillation had the lowest, at 1.36 and 1.66, respec-
tively. We also found wide absolute inequalities measured
through the SlI. Specifically, inequalities in prevalences at
the bottom versus top of the income distribution ranged
from 4.3% higher (hyperlipidemia in men) to 21.4% higher
(obesity in women). Women had widest absolute in-
equalities in obesity followed by smoking, and men had
widest absolute inequalities in smoking followed by obe-
sity. Results for CVD mirrored those for the Rll, although
models for heart failure failed to converge.

Age-Varying Relative Inequalities

Figure 3 shows how the Rlls for prevalence changed
by age for each outcome and sex. For diabetes, hy-
pertension, hyperlipidemia, and obesity, we found
that the widest inequalities were observed among
midlife adults, ranging from 30 to 50years, especially
in women. For smoking, we found that inequality de-
creased gradually with age in women, with the widest
inequalities in young adults and the narrowest in the
elderly, whereas they were stable across ages for men.
Ischemic heart disease, cerebrovascular disease and
heart failure followed a similar pattern to risk factors,
with inequalities peaking at 40 to 50years of age and
declining after that, although we lack data to properly
estimate inequalities at younger age groups.

Sensitivity Analyses

Figures S1, S2 and Table S2 show results for the
first sensitivity analysis, which uses newly diagnosed
cases. Figure S3 compares Rlls for prevalence and
newly diagnosed cases. In general, we found very
similar patterns of inequality by risk factor, disease, or
sex. Figure S4 shows the results of the second sensi-
tivity analysis comparing RIl for the full sample versus
RIl restricted to people who had at least had 1 event
of health care use in 2019 in the publicly-funded sys-
tem. We found that the Rlls using the full and restricted
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Table 1. Descriptive Table of Population Demographics, Cardiovascular Disease Risk Factors and Diseases by Income
Group
All High Moderate Low Very low
N=6262290 70487 (1.13%) 2164781 (34.6%) 3820804 (61.0%) 206218 (3.29%)
Sex
Men 48.5% 64.1% 55.1% 45.0% 39.8%
Women 51.5% 35.9% 44.9% 55.0% 60.2%
Age, y, mean (SD) and % 50.0 (18.4) 53.3 (15.4) 51.5(15.9) 49.0 (19.8) 51.2 (16.1)
<45 42.0 23.3 35.6 46.4 33.6
45-64 34.7 55.3 42.2 29.5 46.3
65-74 11.8 13.9 13.6 10.7 12.1
75-84 7.56 5.41 6.35 8.38 5.82
>84 3.97 217 2.29 5.05 2.24
Foreign born 156.2% 6.47% 5.00% 20.8% 21.7%
Foreign -born from a low- 6.90% 0.18% 112% 9.91% 13.9%
income country
Actively employed 51.0% 69.7% 64.4% 45.7% 2.37%
Receiving unemployment 710% 2.54% 2.43% 7.48% 50.6%
subsidies
User of the public health care 69.8% 41.4% 64.8% 72.6% 79.5%
system*
Cardiovascular risk factors—unadjusted prevalence
Diabetes 9.33% 5.46% 7.73% 10.1% 13.4%
Hypertension 24.6% 18.9% 22.9% 25.5% 28.3%
Hyperlipidemia 20.6% 15.9% 19.9% 20.9% 24.0%
Obesity 18.5% 7.73% 15.2% 20.1% 28.0%
Smoking 20.9% 10.7% 19.9% 21.0% 32.8%
Cardiovascular diseases—unadjusted prevalence
Ischemic heart disease 3.84% 3.41% 3.48% 4.03% 4.28%
Cerebrovascular disease 3.79% 2.37% 2.97% 4.21% 5.08%
Atrial fibrillation 3.30% 2.62% 2.76% 3.64% 2.92%
Heart failure 2.46% 0.90% 1.47% 3.01% 3.03%

*Defined as those who have used primary health care, emergency room, or specialty care or have been hospitalized, all in the publicly funded system at any

point in 2019.

samples were strongly correlated (Spearman’s
rho=0.97 and 0.92 for men and women, respectively).
However, we also found that the Rlls were narrower in
the restricted (versus full) sample, ranging now from
1.03 (hypertension in men) to 1.41 (diabetes in women)
for risk factors, and from 1.07 (atrial fibrillation in men)
to 1.59 (heart failure in men) for CVD. However, all of
them remained statistically significant.

DISCUSSION

In this study of income-based inequalities in cardio-
vascular risk factors and disease among more than
6 million adults in Catalonia, we found 4 key results.
First, we found a clear social gradient in the preva-
lence of 5 CVD risk factors and 4 CVDs. In all cases,
and after adjusting for age, individuals in lower income
groups had a higher prevalences than individuals in the
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high-income group. Second, CVD risk factors with the
largest inequalities were diabetes, smoking, and obe-
sity with prevalence rates twice or 3 times higher for in-
dividuals with very low income (versus those with high
income). CVDs with the largest inequalities were cer-
ebrovascular disease and heart failure with prevalence
rates 2 to 4 times higher for men and women with very
low income (versus those with high income). Third, we
found that, in general, women had wider inequalities for
diabetes, hypertension, hyperlipidemia, and obesity,
and men had wider inequalities for smoking. Moreover,
inequalities in atrial fibrillation were much narrower
among men than women, whereas inequalities in the
other 3 CVDs were similar in magnitude across sexes.
Fourth, we found that in most cases, inequalities were
widest among midlife adults (30-50years), except for
smoking, for which inequalities were wider among the
youngest population.
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Figure 1. Age-adjusted prevalence of 5 cardiovascular disease risk factors by sex and income.
Prevalence was standardized using the direct method of standardization and the 2000 to 2025 World
Health Organization’s World Standard Population.
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Figure 2. Age-adjusted prevalence of 4 cardiovascular diseases by sex and income.
Prevalence was standardized using the direct method of standardization and the 2000 to 2025 World

Health Organization’s World Standard Population.

Our results are broadly consistent with other stud-
ies in the region that examined inequalities life expec-
tancy, risk factors for CVD, and CVD conditions."12:20
In 2016, life expectancy among Catalan low-income
men and women was 12 and 9Qyears lower than their
high-income counterparts, respectively." Our study
indicates that inequalities in CVD risk factors and dis-
eases may be important drivers of these inequalities
in life expectancy. A previous study using the Spanish
National Health Survey found similar patterns of in-
equality for CVD risk factors among men and women.?°
In that study, RIl values were smaller compared with
ours, possibly because of differences in methodology,
specifically in the exposures (social class instead of

J Am Heart Assoc. 2022;11:026587. DOI: 10.1161/JAHA.122.026587

income) and outcomes (self-reported instead of EHR
diagnoses). Overall, our results highlight the impor-
tance of monitoring health inequalities even in regions
with relatively low income inequality and universal
health care system.?' In this context, low-income indi-
viduals are still exposed to the social determinants of
health or structural drivers of cardiovascular disease
morbidity and mortality.?> These social determinants of
health include neighborhood and physical environment
factors such as walkability and access to recreation,??
which interact with individual-level socioeconomic
conditions in important ways.?4-28

We found that women had wider inequalities com-
pared with men in most of the outcomes, particularly in



Mullachery et al

Inequalities in Cardiovascular Disease

Table 2. Relative and Slope Index of Inequality for the Prevalence of 5 Cardiovascular Risk Factors and 4 Cardiovascular

Diseases in Men and Women in Catalonia, 2019

Relative index of inequality (95% Cl) Slope index of inequality (95% CI)

Outcome Men Women Men Women
Cardiovascular risk factors

Diabetes 2.38 (1.89; 3.00) 3.66 (2.93; 4.56) 6.64 (4.78; 8.50) 6.10 (4.43; 7.77)

Hypertension 1.28 (1.14; 1.44) 1.94 (1.66; 2.27) 4.54 (0.72; 8.37) 10.47 (8.19; 12.75)

Hyperlipidemia 1.33 (1.15; 1.55) 1.71(1.48; 1.97) 4.30 (0.55; 8.05) 713 (56.63; 8.62)

Obesity 1.87 (1.55; 2.26) 3.67 (3.02; 4.45) 9.69 (6.43; 12.95) 21.4 (18.94; 23.85)

Smoking 2.33(1.91; 2.85) 214 (1.78; 2.58) 16.81 (12.3; 21.31) | 11.75(9.57; 13.94)
Cardiovascular diseases

Ischemic heart disease 1.77 (1.48; 2.11) 2.46 (2.03; 2.99) 2.08 (1.23; 2.93) 1.22 (0.75; 1.68)

Cerebrovascular disease 2.75(2.13; 3.55) 2.23(1.79; 2.79) 2.64 (1.60; 3.68) 1.72 (1.00; 2.45)

Atrial fibrillation 1.36 (1.19; 1.56) 1.66 (1.44; 1.91) 0.73(0.08; 1.37) 0.75 (0.36; 1.14)

Heart failure 4.65(3.20; 6.75) | 3.51 (2.55; 4.82) N/A N/A

All models adjusted by age and stratified by sex. The slope index of inequality is age adjusted using the World Health Organization’s 2000 to 2025 World
Standard Population. For the RIl and the SlI the null (references) are 1 and 0, respectively. N/A indicates a model that did not converge (Sl for heart failure); RII,

relative index of inequality; and Sl, slope index of inequality.

diabetes, hypertension, hyperlipidemia, obesity, isch-
emic heart disease, and atrial fibrillation. Inequality in
smoking was wider among men, primarily driven by
very high prevalence among men with low and very
low SES. This pattern was also consistent with pre-
vious studies that showed wider inequalities in CVD
risk factors for women except for smoking in Spain.?°
Smoking prevalence and inequality in prevalence
continues to be higher among men despite the ris-
ing in women-to-men smoking ratio in the past few
decades.?” In a previous study examining several
decades of smoking prevalence by sex and socioeco-
nomic status, inequalities in smoking were inverted
(higher prevalence among higher SES) for older
women.?” Smoking prevalence among women was
historically low in Spain until the late 1960s, the last
decade under the Franco dictatorship. This was an era
of adoption of new social norms that, concurrent with
an increase in tobacco advertisement directed toward
women, led to an uptake of smoking especially among
highly educated women.?”?8 However, new dynamics
in smoking inequalities in the past few decades have
led to an adoption of a pattern similar to that of men,
with lower SES women having higher prevalence rates
in recent years.

Patterns of inequality by age and sex differed by risk
factors/diseases. For example, for diabetes, inequality
was wider for women among almost all age groups,
whereas for cerebrovascular disease, inequality was
wider for men (versus women) between the ages of 30
and 60, and for ischemic heart disease the age curves
were shifted with inequality among younger men
being wider compared with younger women but wider
among older women compared with men. Differences
in inequalities among men and women by age indicate

J Am Heart Assoc. 2022;11:026587. DOI: 10.1161/JAHA.122.026587

a combination of differences in the age of onset of dis-
ease and differences in survival across sex and income
groups. For example, ischemic heart disease develops
earlier in men, in part owing to biological differences®®
but also to higher rates of smoking among men, a
gendered behavior.?” Shifting inequality in ischemic
heart disease among men and women across age
groups could be the result of low-income men dying at
younger ages, compared with low-income women and
high-income men, which leads to reductions in the RilI
for men in older age groups compared with women.
Low-income men may also be more likely to delay
seeking care, as indicated by data that show they re-
ceive relatively fewer ambulatory-based care visits but
more urgent care and emergency department visits,'?
which may increase their risk of death. Last, the pat-
tern of inequality by age for smoking reflects the afore-
mentioned historical dynamics of adoption of smoking
by social class, starting with the highest income and
then transitioning to lower income.?"3°

Strengths and Limitations

The main limitation of this study is our reliance on EHR
and diagnosis as identified on these records. However,
this approach is being increasingly used to define the
health status of populations where these databases
are available.®"3? Estimates from these large data sets
may be more valid than self-reported health status
collected via surveys. Previous analysis using CCHS
data reached similar findings'® as those from studies
performing detailed phenotyping of participants.®® We
also cannot rule out reverse causality, that is, that indi-
viduals with CVD risk factors and especially those with
prevalent CVD may be more likely to have a downward
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Figure 3. Relative index of inequality for income for the prevalence of 5 cardiovascular disease risk factors and 4

cardiovascular diseases, by age.

The relative index of inequality is calculated from a model with income (as an ordinal variable), with linear, quadratic and cubic
polynomials for age, stratified by sex. We showed ages for which the sex/outcome combination has at least 5 cases in each income

group. Rl indicates relative index of inequality.

SES trend via job loss,?* although this may be less of
an issue in a country with a strong social protection
system. The consistency between inequality patterns
for prevalence and incidence is reassuring, as the
incidence measure is less vulnerable to reverse cau-
sality. However, our incident cases may just be newly
recorded prevalent cases (eg, someone with undiag-
nosed diabetes getting diagnosed would count as an
incidence case), so we cannot rule out this phenom-
enon. In addition, we cannot rule out unmeasured con-
founders in the association between income and CVD
outcomes. It is possible that structural factors such as
generational poverty and disadvantage, which may
lead to present-day income and poor CVD outcomes,
are the true drivers behind the association.3® However,
this study does not aim to make causal arguments but
rather provide a description of inequalities in CVD in
the context of a universal health care system.

Another limitation of EHR in our case may be differ-
ential health care use by income group, which is plau-
sible given higher rates of private health insurance
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among the wealthier individuals in this setting.3® Our
analysis restricting the sample to individuals who had
used the publicly funded system at least once in the
past year found narrower inequalities. There may be
2 reasons behind this. First, restricting the sample
to only those using the public system most likely ex-
cluded people at the extremes of income, those at the
top of the income groups who use private clinics, and
those at the bottom of the income groups who face
other barriers to care. Previous research in Spain has
shown that people of higher SES are more likely to
use the private system, but that visits to specialists do
not differ by SES.®” Second, restricting the analysis to
users of the public system—who may also be more
likely to have CVD—may have reduced heterogeneity
in the population studied thus resulting in narrower
inequalities. Despite that, (1) the inequalities remain
significant even after controlling for this differential
use, and (2) these differences do not vary by sex and
risk factor or disease. Last, our measure of SES is
crude, as it includes very wide income bands, with
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unbalanced groups. However, as this type of mea-
surement error is nondifferential (as decisions about
thresholds are exogenous to the prevalence of CVD
and its risk factors), our results may be biased to-
ward the null and may be a conservative estimate of
actual inequalities. One of the disadvantages of our
chosen measures of inequality, the RIl and the SlI, is
the assumption of linearity of the SES-outcome asso-
ciations. However, from our results (Figures 1 and 2),
it seems that this assumption is plausible. The main
strength of our study is the inclusion of more than
6 million adults, representing almost the entire adult
population of Catalonia, ruling out concerns about
selection bias and generalizability. Our results quan-
tify inequalities in the unique context of Catalonia,
a region with universal coverage of health care and
strong social protection.

CONCLUSIONS

In this study including the whole population of more
than 6 million adult residents of Catalonia, a region
with universal health coverage, we found large SES in-
equalities in 9 CVD risk factors and conditions among
men and women. The wide inequalities found in this
study demonstrates that although universal access to
health care is important, it falls short of eliminating CVD
inequalities. This finding expands the body of literature
that points to the need of strong equity-promoting poli-
cies with the goal of reducing disparities primarily in
CVD risk factors.
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Table S1. ICD-9-CM codes used to define each of the relevant cardiovascular conditions

evaluated in the study.

Condition | Codes | Description
Diabetes Mellitus
| 250.xx | Diabetes mellitus
Hypertension
401.xX Essential hypertension
402.xX Hypertensive heart disease
403.xX Hypertensive renal disease
404.xX Hypertensive heart and renal disease
405.xXx Secondary hypertension
Hyperlipidemia
272.0X Pure hypercholesterolemia
272.1X Pure hyperglyceridemia
272.2X Hyperlipidemia, mixed
272.3X Hyperchylomicronemia
272.4X Other and unspecified hyperlipidemia
Obesity
278.00 Obesity, unspecified
278.01 Morbid obesity
V85.3x Body Mass Index between 30-39, adult
V85.4x Body Mass Index 40 and over, adult
Tobacco use
305.1 Tobacco use disorder
649.0x Tobacco use disorder complicating pregnancy, childbirth,
or the puerperium
989.84 Toxic effect of other substances: Tobacco
V15.82 History of tobacco use
Coronary heart disease
410.xX Acute myocardial infarction
411.xX Other acute and subacute forms of ischemic heart disease
412 Old myocardial infarction
413.XX Angina pectoris
414.XX Other forms of chronic ischemic heart disease
996.03 Mechanical complication, due to coronary bypass graft
V45.81 Aortocoronary bypass status
V45.82 Percutaneous transluminal coronary angioplasty status
Cerebrovascular disease
094.87 Syphilitic ruptured cerebral aneurysm
346.6x Persistent migraine aura with cerebral infarction
430 Subarachnoid hemorrhage
431 Intracerebral hemorrhage
432.x Other and unspecified intracranial hemorrhage
433.XX Occlusion and stenosis of precerebral arteries
434.xX Occlusion of cerebral arteries
435.xX Transient cerebral ischemia
436 Acute, but ill-defined, cerebrovascular disease
437.0 Cerebral atherosclerosis
437.1 Other generalized ischemic cerebrovascular disease




437.8 Other cerebrovascular disease

437.9 Unspecified cerebrovascular disease

438.xX Late effects of cerebrovascular disease

747.81 Anomalies of cerebrovascular system

784.3 Aphasia

997.02 latrogenic cerebrovascular infarction or hemorrhage

Heart failure

398.91 Rheumatic heart failure (congestive)

402.01 Malignant hypertensive heart disease with heart failure

402.11 Benign hypertensive heart disease with heart failure

402.91 Unspecified hypertensive heart disease with heart failure

404.01 Hypertensive heart and chronic kidney disease, malignant,
with heart failure and with chronic kidney disease stage |
through stage 1V, or unspecified

404.03 Hypertensive heart and chronic kidney disease, malignant,
with heart failure and with chronic kidney disease stage V
or end stage renal disease

404.11 Hypertensive heart and chronic kidney disease, benign,
with heart failure and with chronic kidney disease stage |
through stage IV, or unspecified

404.13 Hypertensive heart and chronic kidney disease, benign,
with heart failure and chronic kidney disease stage V or end
stage renal disease

404.91 Hypertensive heart and chronic kidney disease, unspecified,
with heart failure and with chronic kidney disease stage |
through stage 1V, or unspecified

404.93 Hypertensive heart and chronic kidney disease, unspecified,
with heart failure and chronic kidney disease stage V or end
stage renal disease

428.xXX Heart failure

Atrial fibrillation
| 427.31 | Atrial fibrillation

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification




Table S2. Relative and Slope Index of Inequality for newly diagnosed cases of 5 cardiovascular risk factors and 4

cardiovascular diseases in men and women in Catalonia, 2019.

Relative Index of Inequality (95% CI)

Slope Index of Inequality (95% CI)

Outcome Men Women Men Women
Cardiovascular risk factors
Diabetes 2.8 (2.04;3.83) 4.09 (3.02;5.54) N/A N/A
Hypertension 1.53 (1.34;1.75) 2.73 (2.28;3.28) 0.87 (0.58;1.16) 1.42 (1.2;1.65)
Hyperlipidemia 1.62 (1.37;1.91) 2.09 (1.81;2.41) 0.66 (0.41;0.9) 0.75 (0.63;0.86)
Obesity 1.78 (1.44;2.19) 4.16 (3.19;5.43) 0.89 (0.6;1.19) N/A
Smoking 2.93 (2.57;3.33) 1.87 (1.47;2.39) 1.69 (1.47;1.91) 0.64 (0.45;0.83)

Cardiovascular diseases

Ischemic Heart Disease 1.88 (1.55;2.28) 2.27 (1.76;2.92) 0.22 (0.17;0.28) 0.13(0.1;0.17)
Cerebrovascular Disease 2.44 (1.96;3.03) 2.36 (1.93;2.88) 0.33 (0.27;0.39) 0.23 (0.17;0.29)
Atrial Fibrillation 1.39 (1.15;1.67) 1.6 (1.34;1.91) 0.1 (0.03;0.16) 0.11 (0.08;0.15)

Heart Failure 3.76 (2.58;5.47) 3.2 (2.29;4.48) N/A N/A

all models were adjusted by age. N/A indicates a model that did not converge.




Figure S1. Age-adjusted prevalence of newly diagnosed cases of five cardiovascular disease
risk factors by sex and income.

Men Women
3
21 o
4]
o
2
2]

.

D
o
[
=
n
o
s
o
(3]
o
cn

=
5] 19 1.9 18 |o
16 16 2
(1]
12 1.1 2
1' D.S E.
9
=8
c T
@ -
:
- 1.4 1.4 14 |T
E 1.2 11 E_
ER R, 07 3
k=l w
e
28
=

1
15 1.6

12

1.0

0.6

0.5

13

Bunjowsg

D - [
M =
]
= = -
— N
S ~
fiseqo

High
Low
High
Low

Medium
Very Low
Medium
Very Low

Rates were standardized using the direct method of standardization and the 2000-2025 WHO
World Standard Population



Figure S2. Age-adjusted prevalence of newly diagnosed cases of four cardiovascular

diseases by sex and income.
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Rates were standardized using the direct method of standardization and the 2000-2025 WHO
World Standard Population



Figure S3. Comparison of Socioeconomic Status (SES)-Relative Index of Inequalities (RI1) for prevalence and newly diagnosed
cases for nine cardiovascular risk factors and conditions by sex.
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Figure S4. Comparison of Socioeconomic Status (SES)-Relative Index of Inequalities (RI1) for prevalence comparing the full
sample to the sample restricted to individuals that have used the public healthcare system at least once in 2019.
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