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ABSTRACT

Objective To evaluate the association between
socioeconomic status (SES) and referral to cardiac
rehabilitation (CR) after incident acute coronary syndrome
(ACS) by dividing the referral process into three phases: (1)
informed about CR, (2) willingness to participate in CR, (3)
and assigned CR setting.

Design Cross-sectional study.

Setting Department of Cardiology at a Danish University
Hospital from 1 January 2011 to 31 December 2014.
Participants A total of 1229 patients assessed for

CR during hospitalisation with ACS were prospectively
registered in the Rehab-North Register from 2011 to 2014.
SES was assessed using data from national registers,
concerning: personal income, occupational status,
educational level and civil status. Patients were excluded if
one of the following criteria was fulfilled: (1) missing data
on SES, or (2) acceptable reason for not informing patients
about CR (treatment with coronary artery bypass grafting,
transfer to another hospital, still under treatment or death).
Main outcome measures Outcomes were defined

by dividing the referral process into three phases: (1)
informed about CR, (2) willingness to participate, and (3)
assigned CR setting (in-hospital/community centre) after
ACS.

Results A total of 854 (69.5 %) patients were referred

to CR. After adjustment for age, gender, ACS diagnosis
(ST-elevated myocardial infarction, non-ST-elevated
myocardial infarction, unstable angina pectoris) and
comorbidity, high income had the strongest association of
referral to CR in all three phases (informed about CR: OR
2.17,95%Cl 1.01 to 4.64; willingness to participate in CR:
OR 1.55, 95% Cl 1.02 to 2.35; assigned in-hospital CR:

OR 1.47,95%Cl 0.91 to 2.36). Educational level showed
similar tendencies, however not statistically significant.
The results did not vary according to gender.

Conclusion This is the first study to investigate the
referral process to CR using a three-phase structure. It
suggests income and education to influence all phases in
the referral process to CR after ACS.

INTRODUCTION

Low socioeconomic status (SES) is associ-
ated with higher risk of developing ischaemic
heart disease (IHD) and poorer subsequent

Strengths and limitations of this study

» This is the first study to investigate the referral
process to cardiac rehabilitation (CR) using a three-
phase structure (informed about CR, willingness to
participate in CR and assigned CR setting) which
provides better knowledge in understanding why
social inequality persists in referral to CR.

» Socioeconomic variables were provided by high-
ly validated Danish register data using the unique
10-digit civil registration number that is given to all
Danish citizens.

» Multivariable logistic regression analyses were used
to minimise potential confounding.

» Data were not gathered for specific scientific pur-
poses and it cannot be ruled out that not all patients
admitted with acute coronary syndrome were identi-
fied. However, such loss was considered unsystem-
atic and unintended and should not pose a problem
for bias introduction.

outcome, including higher risk of recurrent
cardiovascular events and cardiac-related
mortality.l_5 Cardiac rehabilitation (CR) is an
important step to reduce disease outcomes
and is an integral part of IHD care as it aims to
improve quality of life as well as patients’ phys-
ical, psychological and social functioning.”

CR comprises exercise therapy, psycholog-
ical consulting, treatment-targeted therapy
and lifestyle-changing modules (dietary
modification and smoking cessation).” The
programme is a coordinated effort made by
cardiologists, nurses, physiotherapists, dieti-
tians and, eventually, occupational therapists.
If needed, psychologists, social workers or
priests may be included as well.*

The efficacy of CR in reducing cardio-
vascular mortality and risk of hospital
readmissions is well documented.”® It there-
fore seems irrational that international
research in general continues to find CR
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‘referral’ or ‘participation and completion’ rates to be
unsatisfactory.”"?

Different socioeconomic characteristics (income,
educational level, occupational status, civil status) are
shown to be associated with CR underutilisation."* Low
income and educational level have irrespectively of type
of healthcare system repeatedly been associated with
limited participation and completion rate."" * It is conse-
quently of major importance to eliminate the socioeco-
nomic differences in CR if the inequality in IHD burden
is to be reduced.

Obstacles in referral and participation to CR among
patients with lower SES may be due to system-level and
personal barriers.'® System-level barriers cover physician
recommendations, the interaction with the healthcare
team and misconceptions about CR. Personal barriers
include perception about IHD and CR, and belief about
the ability to control THD.'® However, vulnerable elements
in the referral process prone to socioeconomic inequality
among patients with acute coronary syndrome (ACS)
remain unexplored. By dividing the referral process into
three phases, it is possible to evaluate if such inequality is
the result of selection of patients at the system level (the
process of informing patients about CR and the setting of
CR that patients are referred to) rather than the person
level (patients’ own willingness to participate in CR). To
our knowledge, no study has analysed the entire referral
process using such three-phase structure while controlling
for confounders in a population of patients surviving ACS.
Therefore, the objective of this study was to investigate
how SES is associated with the patients’ chances of (1)
being informed about CR, (2) willingness to participate,
and (3) assigned CR setting (in-hospital or community
centre). Phase 3 was determined by regional guidelines:
patients suffering ST-elevated myocardial infarction
(STEMI) or complicated non-STEMI (NSTEMI) were
offered in-hospital CR whereas patients with uncompli-
cated NSTEMI and unstable angina pectoris (UAP) were
offered CR in a community centre.

METHODS

The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines for
cross-sectional studies.!”

Study design
This population-based study used data from the
Rehab-North Register. Its content has previously been
described.'® In short, the Rehab-North Register holds
data on all patients hospitalised at the Department of
Cardiology, Aalborg University Hospital, from 1 January
2011 to 31 December 2014 with a diagnosis of ACS. All
were assessed for eligibility to CR using a questionnaire.'®
In Denmark, CR fully or partially takes place in-hospital
or at community centres. In-hospital CR is reserved for
high-risk patients and is structured with a more complex

intervention. The Danish Public Health System is tax
paid, enabling CR to be free of charge for the patient.

Patient and public involvement
No patients were involved in the design, or conduct, or
reporting, or dissemination plans of our research.

Study population
The study population was identified in the Rehab-North
Register as patients diagnosed with ACS (International
Classification of Diseases 10th Revision: 120.0, 121). The
registered diagnosis was verified by linking data from the
Rehab-North Register with the Danish National Patient
Register (NPR) and the Danish Register of Causes of
Death." If any discrepancy arose, the diagnosis registered
in the NPR was selected. Patients were excluded if one
of the following criteria was fulfilled: (1) missing data on
SES, and (2) acceptable reason for not informing patients
about CR, including treatment with coronary artery bypass
grafting, transfer to another hospital, still under treat-
ment or death. Patients who underwent coronary artery
bypass grafting were informed about CR at the thoracic
surgery department performing the operation. Patients
who were ‘transferred to another hospital’ received infor-
mation about CR at other cardiology departments. We
were not able to receive confirmation regarding referral
to CR in this patient group.

The study population and referral design using three
phases is illustrated in figure 1.

Socioeconomic status

Different indicators of SES (personal income, occu-
pational status, educational level and civil status) were
chosen due to a priori knowledge about their proposed
mechanisms associated to the outcome variable. Ascer-
tainment of socioeconomic variables from national regis-
ters was done by linkage of a unique personal number
given to all Danish residents.

The Income Statistics Register provided informa-
tion regarding both disposable personal income (low,
medium, high) calculated for the calendar year before
disease onset, and occupational status (employed, unem-
ployed/out of workforce) set for the calendar year before
disease onset.” A person’s highest obtained educational
level (low, medium, high) was based on the Interna-
tional Standard Classification of Education® from the
Student’s Register,22 and civil status (married/partner-
ship, divorced/unmarried/widow) from the Civil Regis-
tration System (CRS).®

Outcomes
Outcomes were defined by dividing the referral process
into three phases: (1) informed about CR, (2) willingness
to participate, and (3) assigned CR setting (in-hospital/
community centre) after ACS.

All outcome information gathering was done during
the patients’ hospitalisation and included in the question-
naires that founded the Rehab-North Register.
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1822 Patients diagnosed with
STEMI, NSTEMI, or UAP

527 Patients excluded due to acceptable lack of information about CR
119 CABG
385 Transfer to another hospital
20 Still under treatment

1229 Patients eligible as
study population

3 Died during admission
66 Patients excluded due to missing register information about SES
50 Educational level
6 Income
10 Occupational status

{1 Phase1

1123 Patients informed
about CR

106 Patients not informed
about CR

A

<:| Phase 2

854 Patients with willingness
to participate in CR

269 Patient with no willingness
to participate in CR

v v

349 Patients referred to 505 Patients referred to
Community-based CR In-hospital CR

Figure 1

<:I Phase 3

Flow chart of the referral process to cardiac rehabilitation. CABG, coronary artery bypass grafting; CR, cardiac

rehabilitation; NSTEMI, non-STEMI; SES, socioeconomic status; STEMI, ST-elevated myocardial infarction; UAP, unstable

angina pectoris.

Covariates

The selection of covariates to be included in the multivari-
able analyses was done based on directed acyclic graph
(not shown). Age was registered at time of diagnosis and
categorised into three groups: <65years, 65—74years and
>75years. Information regarding age and gender was
gathered from the CRS.* Comorbidity diagnoses were
defined by the Charlson Comorbidity Index (CCI), but
only diagnoses from the year 2011 until hospitalisation
were accessible. Comorbidity diagnoses was drawn from
the NPR.?* In general, patients with NSTEMI and UAP
are less likely referred to CR compared with patients with
STEMIL® Therefore, to get an accurate estimate of the
impacts of patients’ SES on CR referral, ACS diagnosis
(STEMI, NSTEMI, UAP) was included as a covariate.”

Statistical analysis

Baseline characteristics of study population were
summarised by frequencies and percentages. The associa-
tion between socioeconomic variables and being informed
about CR, willingness to participate and assigned CR
setting was assessed by crude (model 1) and multivariable
logistic regression adjusted for confounders (age, gender,
ACS diagnosis, CCI) (model 2). Results were presented in
OR with 95% CI. Potential effect modification by gender
was assessed by stratification and likelihood ratio tests
as studies have found females to experience lower rates
of referral to CR compared with males."’ ** Statistical
analyses were performed using Stata software (V.15.1;
StataCorp, College Station, TX).

RESULTS

Of the original cohort of 1822 patients diagnosed with
ACS, only patients with no missing socioeconomic vari-
ables, and no acceptable reasons for not being informed
about CR were included in the study (figure 1). This
resulted in a study population comprising 1229 patients
(73.8% male). The patients’ baseline characteristics,
stratified by diagnosis, are presented in table 1. Patients
with STEMI were relatively younger and still an avail-
able workforce with higher income. In the study popu-
lation, 1123 (91.4%) patients were informed about CR
of which 854 (76.0%) subsequently agreed to participate
in the programme. Of those, 349 (40.9%) patients were
referred to CR in a community centre and 505 (59.1%)
patients were referred to in-hospital CR (figure 1).

Phase 1: SES and being informed about CR

Higher income and educational level had positive crude
associations with being informed about CR whereas being
unemployed/out of workforce or single living had a nega-
tive association (table 2). These associations were greatly
reduced after adjustment for age, gender, ACS diagnosis
and CCI. The adjusted regression analysis found high
income to be associated with being informed about CR
(OR2.17,95% CI 1.01 to 4.64). High educational level was
also associated with being informed about CR although
the association did not reach statistical significance (OR
1.60, 95% CI 0.72 to 3.54).

Phase 2: SES and willingness to participate in CR
High income, high educational level and being single
living (divorced/unmarried/widow) were all associated
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Table 1 Characteristics of study population stratified by diagnosis

Full population STEMI NSTEMI UAP

Characteristics n=1229 n=402 n=711 n=116
Male (n, %) 907 (73.8) 322 (80.1) 503 (70.7) 82 (70.7)
Age group (years)

<65 591 (48.1) 227 (56.5) 308 (43.3) 56 (48.3)

65-74 371 (30.2) 116 (28.9) 215 (30.2) 40 (34.5)

>75 267 (21.7) 59 (14.7) 188 (26.4) 20 (17.2)
Civil status (n, %)

Married/partnership 793 (64.5) 253 (62.9) 449 (63.2) 91 (78.4)

Divorced/unmarried/widow 436 (35.5) 149 (37.1) 262 (36.8) 25 (21.6)
Occupational status (n, %)

Employed 479 (39.0) 195 (48.5) 240 (33.8) 44 (37.9)

Unemployed/out of workforce 750 (61.0) 207 (51.5) 471 (66.2) 72 (62.1)
Educational level (n, %)

Low 516 (42.0) 144 (35.8) 322 (45.3) 50 (43.1)

Medium 539 (43.9) 201 (50.0) 293 (41.2) 45 (38.8)

High 174 (14.2) 57 (14.2) 96 (13.5) 21 (18.1)
Income, tertile (n, %)

Low 405 (33.0) 113 (28.1) 251 (35.3) 41 (35.3)

Medium 406 (33.0) 124 (30.8) 247 (34.7) 35 (30.2)

High 418 (34.0) 165 (41.0) 213 (30.0) 40 (34.5)
Charlson Comorbidity Index

Low (0 point) 1088 (88.5) 358 (89.1) 630 (88.6) 100 (86.2)

Moderate/high (>0 point) 141 (11.5) 44 (10.9) 81 (11.4) 16 (13.8)

NSTEMI, non-STEMI; STEMI, ST-elevated myocardial infarction; UAP, unstable angina pectoris.

with a higher likelihood of willingness to participate in
CR in the crude analyses (table 3). Being unemployed/
retired was negatively associated with being willing to
participate in CR. After adjustment, high income level
had the highest OR (OR 1.55, 95% CI 1.02 to 2.35) in
relation to willingness to participate. A similar pattern was
observed for high educational level although the associ-
ation was not statistically significant (OR 1.21, 95% CI
0.78 to 1.88). Likewise, being single living was also asso-
ciated with willingness to participate in CR, although the
estimates did not reach statistical significance (OR 1.28,
95% CI10.93 to 1.76).

Phase 3: SES and assigned CR setting

Table 4 shows the association of SES on being assigned to
in-hospital CR compared with CR in a community centre.
High income was significantly associated with assignment to
in-hospital CR (OR 2.10, 95% CI 1.49 to 2.97) but the asso-
ciation was attenuated after adjustment for confounders
(income: adjusted OR 1.47, 95% CI 0.91 to 2.36).

Supplementary analyses

The analyses were stratified by gender in a supplementary
analysis. The results were not substantially different from
the main analysis (not shown).

The baseline characteristics of patients being excluded
from the study population were obtained (online supple-
mentary table S1). After multivariable logistic regression,
patients being excluded from the study population have
significantly lower SES compared with the patients being
included (online supplementary table S2).

DISCUSSION

In this study, the referral process to CR was assessed using
a three-phase structure: (1) informed about CR, (2) will-
ingness to participate in CR, and (3) assigned CR setting.
After adjustment, high income was the only variable that
is statistically significantly associated with referral to CR in
phases 1 and 2, and insignificantly associated with phase
3 of the referral process. High educational level had a
similar pattern, but the association did not reach statis-
tical significance.

Overall, 69.5% of the patients were referred to CR,
which is in accordance with earlier findings (22%-
81.5%).” ' * % Notably, in one study strikingly 86% was
referred to CR after usage of a social differentiated inter-
vention programme.”’ However, it would be difficult to
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Full study Informed about Unadjusted Multivariable adjusted*
population n (%) CR n (%) OR 95% ClI OR 95% ClI

Civil status

Divorced/unmarried/widow 436 (35.5) 388 (31.6) 0.64 0.43 to0 0.95 0.76 0.49to0 1.19

Employed 479 (39.0) 469 (38.2) 1 (ref) 1 (ref)

Educational level

Medium 539 (43.9) 505 (41.1) 2.10 1.36 to 3.25 117 0.72 to 1.89

Income, tertiles

Medium 406 (33.0) 374 (30.4) 2.15 1.37t0 3.38 1.40 0.86 to 2.28

*Adjusted for age, gender, acute coronary syndrome (ACS) diagnosis and Charlson Comorbidity Index.
CR, cardiac rehabilitation.

Full study population Willingness to Unadjusted Multivariable adjusted*
n (%) participate in CRn (%) OR 95% ClI OR 95% CI

Civil status

Divorced/unmarried/widow 436 (35.5) 308 (27.4) 1.33 0.99to1.79 1.28 0.93t0 1.76

Employed 479 (39.0) 388 (34.6) 1 (ref) 1 (ref)

Educational level

Medium 539 (43.9) 405 (36.1) 1.64 1.21t02.20 1.36 0.98 to 1.88

Income, tertiles

Medium 406 (33.0) 288 (25.6) 1.65 1.19t02.30 1.35 0.94 to 1.94

*Adjusted for age, gender, acute coronary syndrome (ACS) diagnosis and Charlson Comorbidity Index.
CR, cardiac rehabilitation.

reproduce such a result in an observational study without ~ covering Denmark, Norway, Sweden and Finland, are
this specific purpose. ‘welfare states’ with equal access to healthcare which theo-

The finding of patients’ income and educational level to  retically ought to diminish the importance of patients’
be associated with all three phases of the referral process  level of income and education regarding access to health-
to CR may be explained by ‘the Nordic Paradox’ observed  care services. However, this is not the case as inequality
in the Nordic European countries.”® * These countries, (eg, in mortality) persists.”’ Although income inequality is

(3]
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Table 4 Logistic regression model for assigned cardiac rehabilitation setting, n=854

Full study Assigned CR Unadjusted Multivariable adjusted*
population n (%) setting n (%) OR 95% ClI OR 95% ClI
Observations 1229 (100) 505 (59.1)
Civil status
Married/partnership 793 (64.5) 317 (37.1) 1 (ref) 1 (ref)
Divorced/unmarried/widow 436 (35.5) 188 (22.0) 1.13 0.85 to 1.51 1.20 0.84 to 1.69
Occupational status
Employed 479 (39.0) 268 (31.4) 1 (ref) 1 (ref)
Unemployed/out of 750 (61.0) 237 (27.8) 0.46 0.35 to 0.61 0.75 0.49to 1.15
workforce
Educational level
Low 516 (42.0) 177 (20.7) 1 (ref) 1 (ref)
Medium 539 (43.9) 248 (29.0) 1.29 0.96 to 1.74 0.90 0.63to 1.30
High 174 (14.2) 80 (9.4) 1.39 0.91t0 2.13 1.20 0.72 to 1.99
Income, tertiles
Low 405 (33.0) 115 (18.5) 1 (ref) 1 (ref)
Medium 406 (33.0) 161 (18.9) 1.26 0.89t0 1.78 1.14 0.73t0 1.78
High 418 (34.0) 229 (26.8) 2.10 1.49 t0 2.97 1.47 0.91 to 2.36

*Adjusted for age, gender, acute coronary syndrome (ACS) diagnosis and Charlson Comorbidity Index.

CR, cardiac rehabilitation.

smaller in the Nordic countries, this still covers inequality
in wealth, housing condition and material living condi-
tions, and is used together with educational level to assess
latent socioeconomic factors (health literacy, greater
burden of behavioural and biological risk factors, and
reduced access to quality care and medication).” Thus,
our finding may imply such latent socioeconomic factors
to be important in the referral process to CR.

We found single living to be potentially associated with
the willingness to participate in CR. If such an association
is reproducible in later studies, then attention should
focus on these patients without a partner, who less often
receive referral to CR, which has been attributed to lack
of social support.”

International studies find younger age, male gender,
living with a partner, high educational level and high
gross income to be predictors of CR referral.'’ * *' This
inequality in CR referral causes concern as participation
helps patients implement needed behavioural changes,
which reduces cardiac-related deaths.® Patients with low
SES often have biological, behavioural and psychosocial
disadvantages that may accelerate risk of cardiovascular
diseases. Therefore, the need of referral, attendance and
completion of CR should be prioritised in this patient
group.'?

By splitting the referral process into three phases, new
insights regarding importance of taking patients’ SES into
consideration when referring them to CR were gained.
Our results show the importance of being aware of system-
level barriers present in the referral process. Moreover,
identifying those patients who need more motivation

before being willing to enter a CR programme is highly
important. In that way, patients are well informed about
CR and able to make a well-considered decision regarding
participation.

Definition of SES is a conceptual challenge often solved
by use of personal/family income, educational level, civil
status and /or occupation. There is no consensus on which
parameters to use as indicators of SES. It has been argued
to use single variables as proxy measurements for SES
despite different causal pathways. However, others find it
problematic only to estimate SES by one parameter, as this
may increase the risk of residual confounding by unmea-
sured socioeconomic circumstances.! * Moreover, the
effect of socioeconomic variables seems rather outcome
related and is suggested not to be used interchangeably
without thorough consideration.™ As our central interest
was to investigate the impact of SES on the referral
process to CR, and therefore use SES as exposure vari-
able, we a priori hypothesised the different variables all to
be linked to our outcome measures. The risk of such an
approach was the introduction of collinearity. However,
research finds educational level, occupation and income
to measure different phenomena, to have different causal
mechanisms and, in part, to be explained by other socio-
economic parameters.33 % Since literature finds income,
educational level, occupational status and civil status to
be important determinants for referral, participation and
completion of CR, it seemed most appropriate to include
all variables in order to answer our research questions.
The consequence of this approach was that we cannot get
a single estimate that illustrates the effect of SES.
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Some caution must be taken when interpreting the
results of our study. First, data were not gathered for
specific scientific purposes and it cannot be ruled out
that some patients admitted with ACS were not included
in the Rehab-North Register. However, such loss was
considered unsystematic and unintended and should not
pose a problem for bias introduction. Moreover, the non-
response analysis found excluded patients to have lower
SES compared with the included study population. As
exclusion was due to clinical implications (patients were
to receive CR referral elsewhere), this should not pose a
problem for participation bias introduction in our study
population.

Second, use of register data minimised risk of informa-
tion bias, due to nationwide good algorithms for correct
diagnosis coding. Despite linkage to other registers, risk
of residual or unmeasured confounding may be present.35
Third, there may be a risk of residual or unaccounted
confounding, if data on confounding variables were not
classified with adequate precision. The CCI variable may
be inaccurate which is caused by the limited time frame
for inclusion of comorbidities. This increases the risk
of unaccounted confounding and should be taken into
consideration when interpreting the results.

Participation and completion rates of in-hospital CR
and CR in community centres remained unexplored as
our study only focused on the referral process to CR.

CONCLUSION

High income and educational level were associated with a
larger chance of being informed about CR, willingness to
participate in CR and assigned in-hospital CR in patients
with ACS.

Author affiliations

"Department of Cardiology, Aalborg University Hospital, Aalborg, Denmark

2Unit of Clinical Biostatistics, Aalborg University Hospital, Aalborg, Denmark
®Department of Cardiology, Slagelse Hospital, Slagelse, Denmark

“Department of Clinical Medicine, Danish Center for Clinical Health Services
Research, Aalborg University, Aalborg, Denmark

SDepartment of Clinical Medicine, Aalborg University, Aalborg, Denmark

SNational Institute of Public Health, University of Southern Denmark, Copenhagen,
Denmark

Contributors CBG, RE and MLL contributed to study design and acquisition of data.
CBG, MBJ and MLL analysed and interpreted the data. SPJ, SR and TH contributed
to interpretation. CBG drafted the initial manuscript and all authors critically revised
the manuscript and gave final approval.

Funding This work was supported by the Karen Elise Jensen’s Foundation and the
Danish Heart Foundation (grant number: 18-R123-A8283-22081).

Disclaimer The funders had no role in planning or conducting the study.
Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study was approved by the Danish Data Protection Agency
(project number: 2008-58-0028) and the Danish Patient Safety Authority (3-3013-
2763/1). In Denmark, no written consent is needed for use of such register-based
data.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. Danish law dictates data
access only to be available to researchers directly responsible for study conduction

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Christina Boesgaard Graversen http://orcid.org/0000-0002-9199-6418

REFERENCES

1 Havranek EP, Mujahid MS, Barr DA, et al. Social determinants of risk
and outcomes for cardiovascular disease: a scientific statement from
the American heart association. Circulation 2015;132:873-98.

2 Schultz WM, Kelli HM, Lisko JC, et al. Socioeconomic status and
cardiovascular outcomes. Circulation 2018;137:2166-78.

3 Ohm J, Skoglund PH, Discacciati A, et al. Socioeconomic status
predicts second cardiovascular event in 29,226 survivors of a first
myocardial infarction. Eur J Prev Cardiol 2018;25:985-93.

4 Piepoli MF, Corra U, Adamopoulos S, et al. Secondary prevention in
the clinical management of patients with cardiovascular diseases.
core components, standards and outcome measures for referral and
delivery. Eur J Prev Cardiol 2014;21:664-81.

5 Rasmussen JN, Rasmussen S, Gislason GH, et al. Mortality after
acute myocardial infarction according to income and education. J
Epidemiol Community Health 2006;60:351-6.

6 Anderson L, Oldridge N, Thompson DR, et al. Exercise-Based
Cardiac Rehabilitation for Coronary Heart Disease. J Am Coll Cardiol
2016;67:1-12.

7 Anderson LJ, Taylor RS. Cardiac rehabilitation for people with heart
disease: an overview of Cochrane systematic reviews. Int J Cardiol
2014;177:348-61.

8 Rauch B, Davos CH, Doherty P, et al. The prognostic effect of cardiac
rehabilitation in the era of acute revascularisation and statin therapy:
A systematic review and meta-analysis of randomized and non-
randomized studies - The Cardiac Rehabilitation Outcome Study
(CROS). Eur J Prev Cardiol 2016;23:1914-39.

9 Sumner J, Grace SL, Doherty P. Predictors of cardiac rehabilitation
utilization in England: results from the National audit. J Am Heart
Assoc 2016;5:1-8.

10 Colella TJF, Gravely S, Marzolini S, et al. Sex bias in referral of
women to outpatient cardiac rehabilitation? A meta-analysis. Eur J
Prev Cardiol 2015;22:423-41.

11 Martin B-J, Hauer T, Arena R, et al. Cardiac rehabilitation attendance
and outcomes in coronary artery disease patients. Circulation
2012;126:677-87.

12 Piepoli MF, Hoes AW, Agewall S, et al. 2016 European guidelines on
cardiovascular disease prevention in clinical practice. Eur Heart J
2016;37:2315-81.

13 Smith SC, Benjamin EJ, Bonow RO, et al. AHA/ACCF secondary
prevention and risk reduction therapy for patients with coronary and
other atherosclerotic vascular disease: 2011 update: a guideline from
the American heart association and American College of cardiology
Foundation. Circulation 2011;124:2458-73.

14 Gaalema DE, Elliott RJ, Morford ZH, et al. Effect of socioeconomic
status on propensity to change risk behaviors following myocardial
infarction: implications for healthy lifestyle medicine. Prog Cardiovasc
Dis 2017;60:159-68.

15 Nielsen KM, Faergeman O, Foldspang A, et al. Cardiac rehabilitation:
health characteristics and socio-economic status among those who
do not attend. Eur J Public Health 2008;18:479-83.

16 Neubeck L, Freedman SB, Clark AM, et al. Participating in cardiac
rehabilitation: a systematic review and meta-synthesis of qualitative
data. Eur J Prev Cardiol 2012;19:494-503.

17 von EIm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. J Clin
Epidemiol 2008;61:344-9.

18 Graversen CB, Eichhorst R, Ravn L, et al. Social inequality and
barriers to cardiac rehabilitation in the rehab-North register. Scand
Cardiovasc J 2017;51:316-22.

19 Madsen M, Davidsen M, Rasmussen S, et al. The validity of the
diagnosis of acute myocardial infarction in routine statistics: a
comparison of mortality and hospital discharge data with the Danish
MONICA registry. J Clin Epidemiol 2003;56:124-30.

Graversen CB, et al. BMJ Open 2020;10:6036088. doi:10.1136/bmjopen-2019-036088


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9199-6418
http://dx.doi.org/10.1161/CIR.0000000000000228
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.029652
http://dx.doi.org/10.1177/2047487318766646
http://dx.doi.org/10.1177/2047487312449597
http://dx.doi.org/10.1136/jech.200X.040972
http://dx.doi.org/10.1136/jech.200X.040972
http://dx.doi.org/10.1016/j.jacc.2015.10.044
http://dx.doi.org/10.1016/j.ijcard.2014.10.011
http://dx.doi.org/10.1177/2047487316671181
http://dx.doi.org/10.1161/JAHA.116.003903
http://dx.doi.org/10.1161/JAHA.116.003903
http://dx.doi.org/10.1177/2047487314520783
http://dx.doi.org/10.1177/2047487314520783
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.066738
http://dx.doi.org/10.1093/eurheartj/ehw106
http://dx.doi.org/10.1161/CIR.0b013e318235eb4d
http://dx.doi.org/10.1016/j.pcad.2017.01.001
http://dx.doi.org/10.1016/j.pcad.2017.01.001
http://dx.doi.org/10.1093/eurpub/ckn060
http://dx.doi.org/10.1177/1741826711409326
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://dx.doi.org/10.1080/14017431.2017.1385838
http://dx.doi.org/10.1080/14017431.2017.1385838
http://dx.doi.org/10.1016/S0895-4356(02)00591-7

20 Baadsgaard M, Quitzau J. Danish registers on personal income and 28 Mackenbach JP. The persistence of health inequalities in modern
transfer payments. Scand J Public Health 2011;39:103-5. welfare states: the explanation of a paradox. Soc Sci Med

21 Explained ES. International Standard Classification of Education 2012;75:761-9.
(ISCED) [Internet]. Available: https://ec.europa.eu/eurostat/statistics- 29 Mackenbach JP. Nordic paradox, southern miracle, eastern disaster:
explained/index.php/International_Standard_Classification_of persistence of inequalities in mortality in Europe. Eur J Public Health
Education_%28ISCED %29 2017;27:14-17.

22 Jensen VM, Rasmussen AW, W Ra. Danish education registers. 30 Tromp J, Collins S. Universal healthcare but not universal access?
Scand J Public Health 2011;39:91-4. Eur J Prev Cardiol 2020;27:75-8.

23 Pedersen CB. The Danish civil registration system. Scand J Public 31 Cortés O, Arthur HM. Determinants of referral to cardiac rehabilitation
Health 2011;39:22-5. programs in patients with coronary artery disease: a systematic

24 Thygesen SK, Christiansen CF, Christensen S, et al. The predictive review. Am Heart J 2006;151:249-56.
value of ICD-10 diagnostic coding used to assess Charlson 32 Galobardes B, Shaw M, Lawlor DA, et al. Indicators of socioeconomic
comorbidity index conditions in the population-based Danish position (Part 1). J Epidemiol Community Health 2006;60:7-12.
national Registry of patients. BMC Med Res Methodol 2011;11. 33 Geyer S, Hemstrom O, Peter R, et al. Education, income, and

25 Brown TM, Hernandez AF, Bittner V, et al. Predictors of cardiac occupational class cannot be used interchangeably in social
rehabilitation referral in coronary artery disease patients: findings epidemiology. Empirical evidence against a common practice. J
from the American heart association's get with the guidelines Epidemiol Community Health 2006;60:804-10.
program. J Am Coll Cardiol 2009;54:515-21. 34 Lahelma E, Martikainen P, Laaksonen M, et al. Pathways between

26 Colbert JD, Martin B-J, Haykowsky MJ, et al. Cardiac rehabilitation socioeconomic determinants of health. J Epidemiol Community
referral, attendance and mortality in women. Eur J Prev Cardiol Health 2004;58:327-32.
2015;22:979-86. 35 Schmidt M, Schmidt SAJ, Sandegaard JL, et al. The Danish national

27 Meillier LK, Nielsen KM, Larsen FB, et al. Socially differentiated patient registry: a review of content, data quality, and research
cardiac rehabilitation: can we improve referral, attendance and potential. Clin Epidemiol 2015;7:449-90.

adherence among patients with first myocardial infarction? Scand J
Public Health 2012;40:286-93.

8 Graversen CB, et al. BMJ Open 2020;10:¢036088. doi:10.1136/bmjopen-2019-036088


http://dx.doi.org/10.1177/1403494811405098
https://ec.europa.eu/eurostat/statistics-explained/index.php/International_Standard_Classification_of_Education_%28ISCED%29
https://ec.europa.eu/eurostat/statistics-explained/index.php/International_Standard_Classification_of_Education_%28ISCED%29
https://ec.europa.eu/eurostat/statistics-explained/index.php/International_Standard_Classification_of_Education_%28ISCED%29
http://dx.doi.org/10.1177/1403494810394715
http://dx.doi.org/10.1177/1403494810387965
http://dx.doi.org/10.1177/1403494810387965
http://dx.doi.org/10.1186/1471-2288-11-83
http://dx.doi.org/10.1016/j.jacc.2009.02.080
http://dx.doi.org/10.1177/2047487314545279
http://dx.doi.org/10.1177/1403494812443600
http://dx.doi.org/10.1177/1403494812443600
http://dx.doi.org/10.1016/j.socscimed.2012.02.031
http://dx.doi.org/10.1093/eurpub/ckx160
http://dx.doi.org/10.1177/2047487319870015
http://dx.doi.org/10.1016/j.ahj.2005.03.034
http://dx.doi.org/10.1136/jech.2004.023531
http://dx.doi.org/10.1136/jech.2005.041319
http://dx.doi.org/10.1136/jech.2005.041319
http://dx.doi.org/10.1136/jech.2003.011148
http://dx.doi.org/10.1136/jech.2003.011148
http://dx.doi.org/10.2147/CLEP.S91125

	Influence of socioeconomic status on the referral process to cardiac rehabilitation following acute coronary syndrome: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Patient and public involvement
	Study population
	Socioeconomic status
	Outcomes
	Covariates

	Statistical analysis

	Results
	Phase 1: SES and being informed about CR
	Phase 2: SES and willingness to participate in CR
	Phase 3: SES and assigned CR setting
	Supplementary analyses

	Discussion
	Conclusion
	References


