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1 | INTRODUCTION

The association between low socioeconomic status (SES)
and higher risk of cardiovascular diseases (CVD) has
been described in large populational studies.'™ Although
SES is not integrated as an independent variable in the
risk estimation per se, the 2021 ESC prevention guide-
lines consider low SES as a risk modifier.” Several deter-
minants can be used as a proxy for SES, such as income,
education level (EL), occupation, social network and
wealth. Among the measurable determinants of SES,
EL has been validated as a social determinant of cardio-
vascular health.®® Recently, the EUROASPIRE IV study
gathering 7937 patients from 24 European countries
showed that lower EL was associated with worse progno-
sis after an acute coronary syndrome (ACS) or coronary
revascularization and thus independently of other tradi-
tional risk factors. Patients with a lower educational level
were characterized by a greater tendency to be smokers,
overweight or obese, physically inactive, hypertensive
and diabetic. However, this study did not integrate the
characteristics of the health system per country to poten-
tially disentangle poor access to care versus suboptimal
adherence to treatment or healthier lifestyle.’

Although Switzerland is considered a country with a
high EL in general, some disparities exist in terms of un-
healthy lifestyles and cardiovascular risk factors, includ-
ing a higher prevalence of hypertension and diabetes."
The Swiss healthcare system is characterized by universal
health coverage and a compulsory subscription to private
health insurance since 1995, which is expected to allevi-
ate disparities related to SES.!! Basic healthcare insurance
covers guidelines-recommended treatments after an ACS,
including medical therapies, cardiac rehabilitation (CR)
and medical follow-up (FU), and should guarantee eq-
uitable access to optimal care, regardless of the level of
education. Although covered by basic insurance, there

weight reduction >5% among overweight or obese participants (mOR=.7 [95%
CI.5-.9], AME =—6%) were less frequent in individuals with EL1 compared with
EL4. At long term, achievement of LDL-C <1.8 mmol/L (<70mg/dL) (mOR=.6
[95% CI .4-.9], AME=—9%) was less frequent in individuals with EL1 compared
with EL4. Lower EL was associated with an increased risk of major acute coro-
nary event (MACE) at short- (aHR=1.4 [95% CI 1.0-2.0] for EL1 vs. EL4) and
long term (aHR=1.3 [95% CI 1.0-1.6] for EL1 vs. EL4) and all-cause death at long
term (aHR=1.6 [95% CI 1.1-2.2] for EL1 vs. EL4).

Conclusion: In Switzerland, disparities in ACS care and outcomes remain across
EL, emphasising the need for tailored interventions to reduce inequities.

acute coronary syndrome, education, health care access, secondary cardiovascular prevention

might be residual barriers to accessing the guidelines-
recommended post-ACS medical therapy and FU, which,
combined with lifestyle factors, could influence the
achievement of cardiovascular prevention targets and the
clinical outcomes of patients with a lower EL.”*"'* With
this project, we aimed to study the association between
EL and key process and clinical outcomes after ACS, in-
cluding adherence to medication and preventive targets,
healthcare resources utilization and the risk of major ad-
verse cardiovascular events.

2 | METHODS

2.1 | Study design, setting and sample

This study is a post hoc analysis of the Special Program
University Medicine (SPUM-ACS) cohort (ClinicalTrials.
gov Identifier: NCT01000701 — IRB Protocol 07-131). The
studywas approved by the local ethics committee (approval
number 07-131, CCER), and all participants provided
written informed consent. SPUM-ACS is an investigator-
initiated, multi-centre prospective cohort study including
7148 enrolled adult individuals (=18 years) with a main
diagnosis of ACS at five Swiss university hospitals (Bern,
Geneva, Lausanne, Lugano and Zurich). To plan related
secondary analyses, data on educational level were
collected prospectively from the beginning of the study.
Enrollments spanned from 2007 to 2021. ACS were defined
as symptoms compatible with angina pectoris (chest pain,
breathlessness) and at least one of the following criteria:
(a) ECG ischemic changes, such as persistent or dynamic
ST-segment deviation, T-wave inversion, new left bundle
branch block; (b) evidence of positive conventional or
high-sensitive troponin by local laboratory reference
values; (c) known coronary heart disease (CHD) defined
by pre-existing myocardial infarction (MI), coronary artery
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bypass graft (CABG), percutaneous coronary intervention
(PCI), or >50% documented stenosis of an epicardial
coronary artery in a previous angiography. Exclusion
criteria comprised severe physical disability, inability to
give consent and less than a year of life expectancy for non-
cardiac reasons. Baseline sociodemographic, lifestyle (e.g.,
alcohol consumption, smoking), medication use, medical
history and clinical data were collected at inclusion in
the cohort by a team of study nurses at each participating
site. Baseline sociodemographic data were collected at
patient inclusion in the cohort, as well as lifestyle habits
(e.g., alcohol consumption, smoking), and clinical data,
including medication use and medical history, by a team
of study nurses at each participating site. Participants
underwent FU assessments according to their cohort
assignment: participants from cohort I had a blood draw
at one- and five-years' FU.

One year after ACS, all participants were invited to at-
tend a face-to-face clinical FU visit at the hospital. When
this was not possible, a telephone FU visit was set up. If
the patient was not reachable, data were collected through
a nominated caregiver or the primary care physician.
Collected data included adherence to cardiac rehabilitation
and medical FU, lifestyle habits, medication use and inter-
mediate cardiovascular events. Participants were asked to
bring their treatment list or pillboxes to confirm prescribed
medication. They underwent a clinical examination in-
cluding three sequential blood pressure measurements and
weight measurements; fasting blood samples were also ob-
tained to assess low-density lipoprotein cholesterol (LDL-
C) serum glucose and glycated haemoglobin levels. All
cardiovascular events occurring during the FU period were
reviewed using prespecified adjudication forms by an adju-
dication committee comprising three certified expert cardi-
ologists who were masked to patient identities. Following
an amendment to the protocol, a second identical FU was
performed after 5years in a subset of the initial popula-
tion. Not all patients consented to long-term FU, and not
all centres participated in the extended FU phase, resulting
in 5756 patients with short-term FU (cohort IT) and 2253
with long-term FU (cohort I). Short-term major acute coro-
nary event (MACE) was defined as events occurring within
lyear after the index ACS event. Long-term MACE referred
to events occurring between 1year and 5years (Figure S1).

2.2 | Study exposure and endpoints

Educational level served as study exposure. It was docu-
mented for 6040 patients and categorised into four groups
at baseline, as per the Swiss Confederation classifica-
tion'>: lower than apprenticeship or vocational school
(EL1, N=1015), apprenticeship or vocational school (EL2,

N=3118), high school graduation (EL3, N=_847), univer-
sity graduation (EL4, N=1060).

The primary clinical endpoints were the incidence of
MACE, defined as a composite of cardiovascular death,
myocardial infarction, coronary revascularisation and
stroke or transient cerebral ischaemic attack.

Secondary endpoints encompassed the documenta-
tion of cardiovascular drug therapy prescriptions (aspirin,
statins, beta-blockers, angiotensin-converting enzyme
inhibitors, angiotensin II receptor antagonists) at hospi-
tal discharge and FUs; participation in cardiac rehabili-
tation; adherence to medical FU; adherence to lifestyle
measures (i.e., reduction in alcohol consumption if
daily alcohol drinker, smoking cessation if smoker); and
achievement of secondary cardiovascular prevention tar-
gets. Cardiovascular prevention targets were defined as
LDL-C <1.8mmol/L (<70 mg/dL), systolic blood pressure
<140mmHg, >5% reduction in body weight in overweight
(BMI 25—29kg/m2) or obese (BMI >3Okg/m2) partici-
pants, glycated haemoglobin <7% if diabetics, according
to the 2016 European guidelines on cardiovascular dis-
ease prevention in clinical practice.'®!” Systolic blood
pressure was calculated as the mean of the second and
third measurements at FUs. LDL-C was determined using
Sampson's equation.*®

2.3 | Statistical analyses

Baseline characteristics, clinical data and FU data were
expressed using mean and standard deviation (SD) or
median with interquartile range (IQR) for continuous
variables, and frequencies and percentages for categorical
variables; and compared across EL using Chi-squared test,
Student's ¢-test and Kruskal-Wallis test as appropriate. For
assessing trends of baseline characteristics, use of medi-
cal therapies, medical FU and achievement of secondary
prevention targets across EL, the Cochrane-Armitage test
was used for categorical variables, and the Jonckheere-
Terpstra test was used for continuous variables. To assess
the association between ELs and study endpoints, logis-
tic regression models with EL4 as the reference category,
unadjusted and adjusted for age and sex (Figure 2), were
used. Marginal odds ratios (mOR) and average marginal
effects (AME) were obtained with adjusted logistic regres-
sion models to provide the average association across the
study sample, independent of specific age and sex values.
The associations between EL and the hazard of MACE
and all-cause death were assessed using Cox regression
models, with EL4 as the reference category. Patients were
censored at the first event, death, or last valid contact. Cox
regression models were presented unadjusted (model 1),
adjusted for age and sex (model 2) and adjusted for age,
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sex, history of hypertension, history of diabetes, history
of myocardial infarction, history of hypercholesterolemia
and smoking status at baseline (model 3) (Tables S3-S5).
The adjustment set for model 2 was identified using a di-
rected acyclic graph (Figure S2) identifying age and sex as
confounders of the relation between the EL and the study
endpoints. The adjustment set from model 3 was selected
based on previous literature.'® All models were evaluated
to ensure adherence to their underlying assumptions.
A significance level of p<.05 was used for all analy-
ses. Statistical analyses were performed using R version
4.3.2 (R Foundation for Statistical Computing, Vienna,
Austria).

3 | RESULTS

3.1 | Baseline characteristics

Baseline characteristics and clinical data according to
EL are presented in Table 1. Significant differences were
found where individuals with EL1 tended to be more often
female and older compared with the other categories.
Participants in the EL1 category were more likely to have
a BMI >30kg/m? (25% in the EL1 category vs. 16% in the
EL4 category), suffer from diabetes (23% vs. 12%), or hy-
pertension (59% vs. 46%) and to be active smokers (44% vs.
32%). Along with a high prevalence of cardiovascular risk
factors in individuals with lower EL, treatments to control
those such as aspirin (30% in EL1 vs. 22% in EL4), statins
(29% in EL1 vs. 22% in EL4), beta-blockers (22% in EL1
vs. 16% in EL4) and renin-angiotensin-aldosterone system
(RAAS) inhibitors (38% in EL1 vs. 27% in EL4) were more
common at hospital admission for ACS.

3.2 | Adherence to cardiac
rehabilitation and medical follow-up

Adherence to cardiac rehabilitation and medical FU dur-
ing the first year post-ACS are summarized in Table 2. The
data show significant disparities in the post-ACS care and
FU depending on EL: compared with adults with EL4,
adults with EL1 had lower adherence to cardiac rehabili-
tation (e.g., 67% in EL1 vs. 78% in EL4, p for trend <.001),
including after accounting for age and sex (e.g., mOR .62,
95% CI .50-.75, AME=—9.5% in EL1 vs. EL4).

Adherence to medical FUs was high across all EL (98%),
however, patients with lower EL were more frequently fol-
lowed up by a general practitioner (94% in EL1 vs. 87%
in EL4, p for trend <.001), while patients with higher EL
were more often followed up by a cardiologist (e.g., 81%
in EL1 versus 88% in EL4, p for trend <.001). This pattern

persisted after accounting for age and sex (mOR for FU by
general practitioner 2.10, 95% CI 1.50-2.96 in EL1 vs. EL4,
AME =+6.5%; and by cardiologist .64, 95% CI .49-.83 in
EL1vs. EL4, AME=—5.7%).

3.3 | Adherence to secondary
cardiovascular prevention

Cardiovascular treatment prescriptions at discharge are
summarized in Table 3. At discharge for ACS, the major-
ity of patients received guideline-recommended medical
therapies, with no pattern associated with EL (p for trend
>.05), including after accounting for age and sex: 99% re-
ceived aspirin, 98% anti-P2Y12, 98% statins, 89% renin-
angiotensin system inhibitors and 80% beta-blockers.

At the one-year FU, adherence to long-term guidelines
recommended cardiovascular therapies remained robust
across all EL groups, with 96% receiving aspirin, 82% anti-
P2Y12 and 93% statins. However, individuals with lower
EL were more likely to receive angiotensin-converting en-
zyme inhibitors (ACEi) or angiotensin receptor blockers
(ARB, e.g., 81% in EL1 vs. 76% in EL4, p for trend =.004)
and beta-blockers (e.g., 77% in EL1 vs. 70% in EL4, p for
trend <.001). These patterns persisted after accounting for
age and sex: individuals with EL1 and EL2 respectively
had 42% (95% CI1 14%-77%, AME =5.8%) and 27% (95% CI
7%-51%, AME=4.1%) greater odds of receiving ACEi or
ARB; and respectively 38% (95% CI 12%-70%, AME = 6.3%)
and 33% (95% CI 13%-56%, AME =5.5%) greater odds of
receiving beta-blockers compared with the EL4 group.

At the second FU, extending beyond 5years post-ACS,
the prescription rate of anti-P2Y12 dropped to 12%, with
no education-related pattern. Among individuals with
lower EL, a persisting pattern toward greater use of ACEi
or ARB and beta-blockers was observed.

3.4 | Achievement of secondary
prevention targets

Regarding achievement of secondary prevention targets
and lifestyle modifications (Table 4), individuals with
lower EL were less likely than those with higher EL to
lose >5% body weight from baseline if overweight or
obese (e.g., 18% in EL1 vs. 22% in EL4, p for trend=.014;
mOR .67,95% CI.50-.90, AME = —6.3%) and stop smoking
(e.g., 45% in EL1 vs. 55% in EL4, p for trend =.006; mOR
.67, 95% CI .50-.90, AME=-9.9%) lyear after ACS.
There was no association between EL and achievement
of LDL-C <1.8mmol/L (<70mg/dL) and systolic blood
pressure <140 mmHg one year after ACS. At the second
FU, extending beyond 5years post-ACS, a gap emerges
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TABLE 1 Baseline characteristics according to education level.

value
EL1 (N=1015) EL2 (N=3118) EL3 (N=847) EL4 (N=1060) p Value i')or trend
Sociodemographics
Age 64 (13) 63 (12) 61(12) 62 (11) <.001 <.001
Male sex 677/1015(67%)  2545/3118 (82%)  693/847 (82%)  954/1060 (90%) <.001 <.001
BMI (kg/m?) 27.5(4.7) 27.2(4.3) 26.7 (4.2) 26.4 (4.0) <.001 <.001
Caucasian ethnicity 928/1007 (92%)  3028/3101(98%)  805/845(95%)  976/1048 (93%) <.001 187
Married or in partnership ~ 649/1015 (64%) 2076/3114 (67%) 564/847 (67%) 735/1058 (69%) .068 .014
Living alone 289/1014 (29%)  766/3109 (25%) 196/846 (23%)  218/1056 (21%) <.001 <.001
Working status
Full time 335/1007 (33%) 1302/3096 (42%)  405/846 (48%) 507/1053 (48%) <.001
Part time 65/1007 (6.5%) 247/3096 (8.0%)  80/846 (9.5%) 114/1053 (11%)
No employment/retired ~ 607/1007 (60%) 1547/3096 (50%)  361/846 (43%)  432/1053 (41%)
Medical history
Obesity (BMI >30kg/m?)  252/1007 (25%)  691/3078 (22%) 170/835 (20%) 170/1053 (16%) <.001 <.001
Current smoking 444/1015 (44%) 1278/3105 (41%)  352/846 (42%) 343/1059 (32%) <.001 <.001
Daily alcohol 266/1000 (27%)  744/3019 (25%) 218/831 (26%) 308/1049 (29%) 026 041
consumption
Diabetes 231/1015 (23%) 544/3117 (17%) 104/847 (12%) 130/1060 (12%) <.001 <.001
Hypertension 597/1015 (59%) 1730/3117 (56%)  414/845(49%)  490/1060 (46%) <.001 <.001
Myocardial infarction 166/1013 (16%)  384/3114 (12%) 85/845 (10%) 114/1059 (11%) <.001 <.001
Stroke or transient 39/1014 (3.8%) 112/3117 (3.6%) 38/847 (4.5%) 39/1060 (3.7%) .681 .817
ischemic attack
Peripheral vascular 58/1015 (5.7%) 181/3117 (5.8%) 35/846 (4.1%) 35/1060 (3.3%) .005 .001
disease
Heart failure 23/1014 (2.3%) 33/3117 (1.1%) 8/847 (.9%) 13/1060 (1.2%) .020 .094
End-stage kidney disease 5/1014 (.5%) 20/3117 (.6%) 4/847 (.5%) 8/1060 (.8%) .824 .599
Lung disease (COPD or 48/1014 (4.7%) 131/3115 (4.2%)  14/846 (1.7%) 16/1056 (1.5%) <.001 <.001
asthma)
Liver disease 6/1014 (.6%) 14/3117 (.4%) 6/847 (.7%) 12/1060 (1.1%) 111 .045
Malignancy 70/1013 (6.9%) 242/3115 (7.8%)  69/846 (8.2%) 79/1060 (7.5%) 751 679
Systemic inflammatory 31/1014 (3.1%) 83/3117 (2.7%) 16/847 (1.9%) 25/1060 (2.4%) 419 196
disease
Lipid profile at baseline
Total cholesterol 5.0(4.15.8) 4.9(4.15.7) 5.0 (4.25.9) 5.0 (4.2 5.9) <.001 .007
LDL-C 3.5(2.8 4.4) 3.6 (2.8 4.4) 3.6 (2.9 4.6) 3.6(2.94.5) .002 .003
HDL-C 1.1(.91.4) 1.1(.91.4) 1.1(.91.4) 1.1(1.0 1.4) .804 414
Triglycerides 1.2(.81.8) 1.1(.71.7) 1.1(81.7) 1.1(.71.7) <.001 168
Medication at baseline
Aspirin 306/1009 (30%) 840/3096 (27%) 183/838 (22%) 237/1057 (22%) <.001 <.001
Anti-P2Y12 67/732 (9.2%) 206/2398 (8.6%)  46/691 (6.7%) 51/873 (5.8%) 021 .003
Statins 289/1006 (29%)  816/3090 (26%) 208/838 (25%)  236/1056 (22%)  .007 <.001
Beta-blockers 217/1005 (22%) 693/3085 (22%) 141/837 (17%) 168/1055 (16%) <.001 <.001
Renin-angiotensin system  382/1006 (38%) 1048/3082 (34%) 251/834 (30%) 285/1053 (27%) <.001 <.001
inhibitors
(Continues)
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TABLE 1 (Continued)

EL1 (N=1015)

EL2 (N=3118)

Oral antidiabetics (if 151/229 (66%) 355/535 (66%)
diabetics)
Insulin (if diabetics) 59/229 (26%) 155/535 (29%)
Clinical data
Type of ACS
NSTEMI 453/1015 (45%)  1293/3118 (41%)
STEMI 508/1015 (50%) 1693/3118 (54%)
Unstable angina 54/1015 (5.3%) 129/3118 (4.1%)
Undertermined 0/1015 (0%) 3/3118 (<.1%)
Kilipp class II-IV 133/962 (14%) 328/3014 (11%)
LVEF
LVEF >40% 722/894 (81%) 2285/2806 (81%)
LVEF <40% 172/894 (19%) 521/2806 (19%)
Discharge destination
Home 594/1014 (59%)  1513/3107 (49%)
Other hospital 292/1014 (29%) 1299/3107 (42%)
Rehabilitation center 128/1014 (13%) 295/3107 (9.5%)

p value
EL3 (N=847) EL4 (N=1060) p Value for trend
69/103 (67%) 92/128 (72%) 661 272
19/103 (18%) 35/129 (27%) 167 .666
336/847 (40%)  426/1060 (40%)  .022
485/847 (57%)  592/1060 (56%)
25/847 (3.0%) 39/1060 (3.7%)
1/847 (.1%) 3/1060 (.3%)
90/799 (11%) 91/1018 (8.9%) .007 .003
628/775(81%)  828/970 (85%) 024 .010
147/775(19%)  142/970 (15%)
545/845(64%)  738/1058 (70%)  <.001
209/845 (25%)  208/1058 (20%)
91/845 (11%) 112/1058 (11%)

Note: Categorical variables are expressed as percentages (count with percentage), while continuous variables are reported as either mean + standard deviation
or median with interquartile range. BMI was missing for 67 participants, total cholesterol for 302, LDL-C for 405, HDL-C for 392 and triglycerides for 376. p
values were determined using Chi-squared tests for categorical variables, Student's ¢-test for normally distributed continuous variables, and Kruskal-Wallis test
for non-normally distributed continuous variables. For assessing trends, the Cochrane-Armitage test was used for categorical variables, and the Jonckheere—

Terpstra test was employed for continuous variables.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; EL, education level; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction.

regarding achieved cholesterol target: individuals with
lower EL less frequently reached or maintained the
LDL-C target of <1.8mmol/L (<70mg/dL) compared
with individuals with the highest EL (e.g., 18% in EL1 vs.
27% in EL4, p for trend=.009; mOR .61, 95% CI .41-.89,
AME =-8.6%).

3.5 | Risk of major adverse
cardiovascular events

A total of 311 patients died, and 852 experienced a recur-
rent MACE during the FU periods. The cohort used for
the 1-year FU served as the base cohort, and a reduced
cohort was available for extended FU. Long-term sur-
vival and survival-free MACE curves stratified according
to EL are presented in Figure 1. After accounting for key
confounders such as age and sex, lower EL was associ-
ated with short-term risk of MACE (Figure 2, One-year
HR, aHR =1.47, 95% CI 1.04-2.07 for EL1; 1.44, 1.08-1.91
for EL2; and 2.04, 1.46-2.85 for EL3 compared with EL4).
This association persisted over the 5-year follow-up, with
adjusted hazard ratios remaining elevated among indi-
viduals with lower EL compared with those with tertiary

education (Figure 2, Five-year HR, Model 2, aHR=1.31,
95% CI 1.04-1.65 for EL1; 1.18, .97-1.43 for EL2; and 1.50,
1.19-1.90 for EL3 compared with EL4). Similarly, the
incidence of all-cause death differed significantly across
EL categories (log-rank p=.005), with less-educated indi-
viduals consistently exhibiting a higher risk of death com-
pared with their more-educated counterparts (Figure 2,
Five-year HR, Model 2, aHR=1.71, 95% CI 1.15-2.55 for
EL1; 1.52, 1.08-2.15 for EL2; and 1.82, 1.20-2.76 for EL3
compared with EL4).

4 | DISCUSSION

4.1 | Impact of educational level on
secondary prevention

The study reveals EL as a contributing factor to disparities
in cardiac rehabilitation adherence, medical FU and the
risk of long-term major adverse events after ACS. Notably,
participants with lower EL were less likely to follow a
cardiac rehabilitation programme. They were also more
inclined to consult GPs, while those with higher EL were
more likely to seek care from cardiologists. Additionally,
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TABLE 2 Attendance to cardiac rehabilitation and medical follow-up during the first year post ACS according to education levels.

EL4

EL3

EL1

EL3 vs. EL4

EL2vs. EL4

EL1 vs. EL4

(N=1060)

(N=847)

=3118)

EL2 (N

(N=1015)

Marginal OR (95% CI)
[AME (95% CI)]

Marginal OR (95%

Marginal OR (95%

p for

p-Value

p-Value CI) [AME (95% CI)] p-Value

trend  CI) [AME (95% CI)]

n/N (%) n/N (%) n/N (%) p-Value

n/N (%)

318

90 (.72, 1.11)

.031

83 (.70, .98)

<.001

62(.50,.75) [<9.5

605/788 779/1000 <.001 <.001
(78%)

(77%)

2165/2917 (74%)

625/929 (67%)

Attendance to cardiac

[-3.3 (=6.3, —4)] [-2.0 (=5.9,1.9)]

(~13.4, —5.5)]

rehabilitation

.016

37(.17, .83)

.198

162(.30, 1.28)

.375

67(.28,1.62) [—.4

829
(-14,.5)]

744/763 963/972 .058
(99%)

(98%)

2830/2872 (99%)

891/903 (99%)

Any medical follow-up

[-1.5(=2.7,-.3)]

[—.6(-1.3,.2)]
1.92(1.51, 2.44)
[5.5(3.3,7.8)]

.003

1.62(1.17,2.23)
[4.4(1.5,7.2)]

<.001

<.001

2.10 (1.50, 2.96) [6.1

676/737 834/957 <.001 <.001
(87%) (3.4,8.8)]

(92%)

2617/2810 (93%)

826/878 (94%)

Medical follow-up with a

general practitioner

.565

1.09 (.81, 1.48)

<.001

.56 (.45, .69)

.001

64 (.49, .83) [-5.7
(8.9, —2.4)]

659/739 847/961 <.001 <.001
(88%)

(89%)

2252/2812 (80%)

713/875 (81%)

Medical follow-up with a

[.9 (=22, 4.0)]

[—7.7 (-10.3, —5.2)]

cardiologist

Note: Data are expressed as counts with percentages. p values were determined using Chi-squared tests for categorical variables. For assessing trends, the Cochrane-Armitage test was used for categorical variables, and

the Jonckheere-Terpstra test was employed for continuous variables. Marginal odds ratios and AME with 95% confidence intervals obtained with logistic regression models accounting for age and sex are presented.

Abbreviations: AME, average marginal effect; CI, confidence interval; OR, odds ratio.
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participants with lower EL were at increased risk of all-
cause death and recurrent MACE over the long term.

Similar disparities in cardiovascular outcomes ac-
cording to EL have been reported in other European
countries. In Germany, a recent study aiming at explor-
ing the link between cumulative social disadvantage
and CVD burden and mortality within a broad segment
of the general German population® highlighted that in-
dividuals with prevalent CVD typically had a lower SES,
characterised by diminished education, occupation and
household net-income scores. In France, data from the
CONSTANCES cohorts showed that individuals with
lower ELs had a higher prevalence of cardiovascular
risk factors and lower participation in prevention pro-
grammes, despite universal health coverage.21 In Spain,
a recent study highlighted worse cardiovascular out-
comes in individuals with lower socioeconomic status,
including education, particularly in regions with less
structured secondary prevention.?? In Italy, the Moli-
sani study demonstrated that lower education was as-
sociated with higher cardiovascular risk and mortality,
partly mediated by lifestyle and behavioural factors.*
In the United Kingdom, data from the UK Biobank and
the MINAP registry revealed persistent educational dis-
parities in cardiac rehabilitation uptake and lifestyle
modification, despite equitable access to prescriptions
under the NHS.?* These findings corroborate previous
research® ™’ and highlight the critical need to target
prevention of cardiovascular risk factors and access to
appropriate medical FU to mitigate health inequities by
educational status in the context of ACS.

4.2 | Clinical evidence and long-term
follow-up

Taken together, these observations underscore a broader
concern and gain additional weight when examined along-
side recent clinical evidence on long-term cardiovascular
outcomes. A recent meta-analysis of 19 randomized con-
trolled trials comparing PCI with optimal medical ther-
apy (OMT) in patients with chronic coronary syndromes
(CCS) demonstrated a significant reduction in cardiovas-
cular mortality and angina burden in the PCI group, par-
ticularly after 3years of FU and in younger populations.”®
While our study focused on ACS, these findings highlight
the importance of long-term continuity of care following
revascularization. Socioeconomic disparities in access to
secondary prevention—such as cardiac rehabilitation and
specialist FU—may blunt the potential benefits observed
in clinical trials, underscoring the need for tailored care
strategies that ensure sustained engagement, particularly
among patients with lower educational status.
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MACE
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FIGURE 1 Kaplan Meier curves for MACE and all-cause death according to education levels. EL, education level; MACE, major adverse

cardiovascular event.

4.3 | Uniform prescribing, unequal
outcomes

Our results also showed that prescription rates of recom-
mended medical therapies were overall uniform across
EL, suggesting that the Swiss healthcare system is effi-
cient in levelling inequities at the prescription level. This
standardized approach underscores the commitment to
evidence-based medicine, where healthcare professionals
prioritize the consistent application of proven therapies,
irrespective of socioeconomic factors and the system's
efficiency in delivering optimal patient outcomes and
minimizing disparities based on educational attainment,
and aligns with previous findings.” However, prognos-
tic and achievement of cardiovascular prevention targets
were worst for participants in the lowest education strata.
This association may be partly explained by the well-
established link between lower education and reduced
medication adherence, likely driven by differences in
health literacy, self-management capacity and structural
or psychosocial barriers.*

In both unadjusted and age- and sex-adjusted models,
individuals in lower educational strata were at greater risk
of all-cause death and of experiencing a short-term recur-
rent MACE during the study FU, but this relationship at-
tenuated after accounting for age, sex, cardiovascular risk
factors (model 3), which may suggest that cardiovascular

risk factors such as obesity, smoking and hypertension
mediate the association between EL and adverse clinical
outcomes (i.e. these risk factors, influenced by educa-
tion, affect lifestyle choices and subsequently the risk of
adverse events). Adjusting for cardiovascular risk factors,
the potential mediators, accounts for their influence (i.e.
controlling for the indirect effect of EL on the risk of ad-
verse events through cardiovascular risk factors and life-
style), which could explain the reduced strength of the
observed associations.

4.4 | Multifactorial barriers to optimal
care post-ACS

The observation from our cohort that lower EL is associ-
ated with lower adherence to cardiac rehabilitation and
being followed up by a GP rather than a cardiologist can
be explained and justified through several lenses. First,
SES shapes cardiovascular risk from early childhood
through factors such as unhealthy diets, living in pol-
luted or noisy environments and limited access to safe
infrastructure for physical activity.**** Second, access
to specialised healthcare is significantly influenced by
financial barriers and health insurance coverage,** both
of which are closely tied to educational attainment.
Individuals with lower educational levels generally have
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Outcome Number of Model 1 p value Model 2 pvaie Model 3 pivilte
events HR (95% CI) adj. HR (95% CI) adj. HR (95% CI)
One-year HR : : :
MACE : : {
EL4 58 (5%) ref. H ref. . ref. o
EL3 88 (10%) 1.96 (1.41,2.73) <0.001 : —e 2.04 (1.46,2.85) <0.001 : —e 2.06 (1.48,2.89) <0.001 : —
EL2 243 (8%) 1.44 (1.08,1.92) 0.012 == 1.44 (1.08,1.91) 0.013 == 1.35(1.00, 1.80) 0.047 ==
EL1 80 (8%) 1.47 (1.05, 2.07) 0.025 :—-— 1.47 (1.04,2.07) 0.029 :—-— 1.29 (0.91, 1.84) 0.150 4]—'—
All-cause death : : :
EL4 13 (1%) ref. T ref. T ref. T
EL3 22 (3%) 2.14 (1.08, 4.24) 0.030 :+ 2.36 (1.19,4.70) 0.014 : —— 2.28 (1.14,4.57) 0.020 : ———
EL2 74 (2%) 1.94 (1.08, 3.50) 0.028 — 1.90 (1.05,3.43) 0.034 —e— 1.69 (0.93,3.08) 0.085 =
EL1 25 (2%) 2.02 (1.03,3.95) 0.040 — 1.96 (0.99, 3.89) 0.053 —— 1.69 (0.84,3.37) 0.140 e
Five-year HR : : :
MACE | | ;
EL4 138 (13%)  ref. T ref. T ref. T
EL3 144 (17%)  1.42(1.12,1.79) 0.004 == 1.50 (1.19, 1.90)  <0.001 == 1.45(1.14,1.83) 0.002 1=
EL2 409 (13%) 1.17 (0.97,1.42) 0.108 — 1.18 (0.97,1.43) 0.093 +— 1.09 (0.89, 1.32) 0.405 ——
EL1 161 (16%) 1.31(1.05, 1.65) 0.018 —— 1.31(1.04, 1.65) 0.024 —— 1.14 (0.90, 1.44) 0.292 S
All-cause death : : :
EL4 41(a%)  ref. . ref. . ref. .
EL3 49 (6%) 1.60 (1.05, 2.42) 0.027 —— 1.82(1.20,2.76) 0.005 | —— 1.70 (1.11,2.59) 0.014 ——
EL2 153 (5%) 1.51(1.07,2.13) 0.019 —— 1.52(1.08,2.15) 0.017 —— 1.36 (0.96, 1.93) 0.084 ——
EL1 68 (7%) 1.82(1.24,2.69) 0.002 | —— 1.71 (1.15,2.55) 0.008 | —— 1.45(0.97,2.17) 0.070 ——
05 115 3 6 05 115 3 6 05 115 3 6

Lower hazard Higher hazard

Lower hazard Higher hazard Lower hazard Higher hazard

FIGURE 2 Association of education levels with the risk of major adverse events. Data are presented as count and percentage. Hazard
ratios with 95% confidence interval are presented unadjusted (model 1), adjusted for age and sex (model 2), and for age, sex, BMI, history
of hypertension, smoking status, diabetes, hypercholesterolemia, and previous MI (model 3). EL, education level; MACE, major adverse

cardiovascular event.

lower incomes, making specialised care less affordable.
GPs, being more accessible and less costly, often be-
come the primary point of care. Additionally, the qual-
ity and extent of health insurance, which tend to vary
with economic status and correlate with EL, can further
influence access to specialists, with individuals holding
more comprehensive coverage being more likely to re-
ceive specialised care.>® Moreover, GPs themselves may
face financial constraints that limit their ability to pre-
scribe newer or more effective medications, which are
often more expensive, thereby reducing access to opti-
mal pharmacological therapies. Third, education plays
a crucial role in health literacy, which encompasses an
individual's ability to obtain, process and understand
basic health information for making informed health
decisions, as well as treatment adherence. Individuals
with higher educational levels are often more aware of
their health needs and can navigate through the com-
plexities of the healthcare system, enabling them to seek
specialist care more effi(:iently.36 Fourth, socioeconomic
status and social determinants, including networks
and social support, also impact healthcare utilisation.?’
Individuals with higher socioeconomic status often
have access to networks that can recommend and facili-
tate consultations with specialists, a luxury not always
available to those with lower socioeconomic status,
who might also reside in areas with limited healthcare
resources, including access to specialists. Perceptions
around the necessity of and trust in healthcare providers

can also differ across educational levels. Lastly, educa-
tion affects perceptions of illness severity and the need
for specialised care, with those having lower ELs possi-
bly underestimating the necessity of consulting a cardi-
ologist for ACS FU.*®

4.5 | Targeted approaches and recent
innovations

The link between educational status and healthcare out-
comes, alongside utilisation patterns, underscores the
broad impact of social determinants on health. This con-
nection signals a need for targeted interventions aimed at
enhancing health literacy, improving access to care and
bolstering health outcomes across varying educational
and socioeconomic groups.* Nurse-led consultations
have been highlighted as a practical approach to achieving
this goal. Studies such as the RESPONSE trial*® and the
NAILED ACS trial* illustrate the effectiveness of nurse-
coordinated programmes in improving lifestyle habits, re-
ducing risk factors and enhancing medication adherence
among post-ACS patients.** Such evidence supports the
argument for broader implementation of nurse-led, medi-
cally supported models of care that cater to individual pa-
tient needs.

Beyond nurse-led, medically supported models of
care, additional approaches may contribute to more tar-
geted prevention strategies. Recent advances in machine
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learning (ML) have enabled the integration of multidimen-
sional data, ranging from clinical and imaging informa-
tion to multi-omics profiles and socioeconomic indicators
such as education or income level, to better identify sub-
groups of patients at higher risk and guide personalised
interventions. ML-based models have outperformed tra-
ditional risk scores in various domains of cardiovascular
care, highlighting their potential to support more refined
clinical decision-making.43 In parallel, targeting low-grade
systemic inflammation—present in up to 60% of patients
with atherosclerotic cardiovascular disease—has emerged
as another promising strategy. Notably, elevated CRP lev-
els are disproportionately found among individuals with
lower socioeconomic status, reflecting the broader impact
of social determinants on chronic inflammation and car-
diovascular risk.** Recent findings from Von zur Miihlen
et al. emphasise the importance of high-sensitivity C-
reactive protein (hsCRP) as a robust predictor of adverse
cardiovascular events, potentially stronger than LDL cho-
lesterol.*” Their review supports routine hsCRP screening
and the use of anti-inflammatory agents such as low-dose
colchicine to address residual inflammatory risk, which re-
mains underdiagnosed and undertreated in current prac-
tice. Together, these complementary innovations illustrate
how combining algorithmic stratification, biomarker-
driven screening and tailored care delivery may offer new
avenues for improving secondary prevention.

4.6 | Integrated models for vulnerable
populations

Building on previous findings identifying low socioeco-
nomic status as a critical factor associated with higher
risks of CVD and mortality, and the particular importance
of education and occupation over household income,?
our study highlights the need for healthcare systems to
focus on access to care post-ACS. Tailored interventions
and FU for patients identified with special needs (i.e. low
educational level) are essential. Interventions should in-
clude accessible, comprehensive cardiac rehabilitation
programmes and continued support that adapts to the ed-
ucational and occupational backgrounds of the patients,
thereby mitigating the impact of socioeconomic barriers
on health outcomes. This approach not only addresses the
immediate disparities in health outcomes based on soci-
oeconomic factors but also enhances long-term survival
and quality of life for these patients.

To ensure that all patients receive appropriate spe-
cialist care, establishing a standardized protocol within
healthcare facilities that mandates a referral to a cardiolo-
gist or appropriate specialist post-ACS should help ensure
consistency. These protocols should include automatic

scheduling of FU appointments before hospital discharge,
along with clear communication about their importance.
Additionally, cardiologists should consider integrating a
case management approach where healthcare providers,
such as nurses or patient navigators, are tasked with en-
suring patients attend their FU visits. These providers can
offer support by addressing logistical barriers to care such
as transportation, scheduling conflicts and financial con-
cerns, which are particularly significant for patients from
lower socioeconomic backgrounds.

In parallel, emerging technologies and innovations
offer new possibilities to strengthen the personalization
of post-ACS care. Recent research has demonstrated the
utility of machine learning approaches in identifying
patients at increased risk of non-adherence to FU or ad-
verse clinical outcomes, thereby enabling early triage and
timely allocation of resources. These tools could support
nurses and care teams in prioritising patients for intensi-
fied FU and targeted interventions. In addition, targeting
low-grade systemic inflammation, now recognised as a
major residual risk factor in secondary prevention, offers
another opportunity to stratify risk and guide treatment.

Taken together, these insights support the development
of new care pathways that integrate human resources—
such as nurses in case management roles—with techno-
logical innovations, including predictive algorithms and
biomarker-guided treatment strategies. By leveraging
both the relational and technical dimensions of care, such
models could contribute to more equitable outcomes and
reduce the long-term burden of cardiovascular disease in
socioeconomically disadvantaged populations.

5 | LIMITATIONS

Several limitations should be acknowledged. First, edu-
cation was used as a proxy for socioeconomic status,
whereas incorporating additional information on income
and occupational status would have provided a more com-
prehensive assessment. However, using EL has shown
adequate correlation with income, and by extension an
individual's financial ability to access healthcare, as well
as intellectual and cultural capacities, which are a causal
pathway to detrimental lifestyle habits.*® Additionally, EL
is not expected to change during the time-at-risk for ACS,
unlike occupation or income. Second, FU duration might
be insufficient to show significant results when the effect
could be modest. Third, although this study did not aim
at establishing causality, its findings might experience
confounding where some unmeasured variables, such as
residential area, could potentially impact the observed as-
sociations. Lastly, the baseline SPUM-ACS cohort was a
combination of two studies, Biomarkers and ELIPS, with
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identical inclusion criteria and endpoints; however, only
the ELIPS study conducted a 5-year FU, explaining the
difference in sample size at the 5-year FU. Differences in
baseline characteristics are detailed in Table S1 and the
association of EL with the incidence of individual compo-
nents of MACE in Table S2.

6 | CONCLUSION

This study underscores the importance of EL as a social
determinant of cardiovascular health after ACS within
the Swiss healthcare system. Despite equitable prescrib-
ing of guideline-recommended therapies, notable dispari-
ties were observed across EL in achieving cardiovascular
prevention targets, participating in cardiac rehabilita-
tion, and receiving FU care, particularly disadvantaging
individuals with lower EL. These findings emphasize the
critical role of education as a determinant of health, influ-
encing individuals' ability to engage with preventive care
and ultimately clinical outcomes. The persistence of these
disparities, even under universal health coverage, under-
scores the need to address broader social determinants of
health in order to mitigate inequities in cardiovascular
care and outcomes.
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