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Aims Underrepresentation of migrants, women, and older adults in cardiovascular disease (CVD) trials may contribute
to disparate care and survival. Among patients who underwent percutaneous coronary intervention (PCI), we
aimed to investigate the associations of (i) underrepresented groups with major adverse cardiac events (MACE),
CVD mortality, and non-CVD mortality, (ii) underrepresented groups with cardiac rehabilitation (CR) uptake, and
(iii) CR uptake with outcomes.

...................................................................................................................................................................................................
Methods
and results

We included 15 211 consecutive patients from the CARDIOBASE Bern PCI registry (2009–18). In multi-state mod-
els comparing transition probabilities of events, sex was not associated with increased risk of any event. For each
year increase in age, the increased risk of non-CVD and CVD mortality was 8% [95% confidence interval (CI)
6–9%]. Being migrant was associated with a lower risk of non-CVD mortality [hazard ratio (HR) (95% CI) 0.49
(0.27–0.90)] but not with CVD mortality. In logistic regression analysis, CR uptake was lower among women [odds
ratio (95% CI) = 0.72 (0.57–0.86)] and older adults [0.32 (0.27–0.38)], but not among migrants. In cox regression,
CR was independently associated with lower all-cause [HR (95% CI) = 0.12 (0.03–0.37)] and CVD mortality [0.1
(0.02–0.7)], but not with MACE [1.08 (0.8–1.4)].

...................................................................................................................................................................................................
Conclusion Among underrepresented groups undergoing PCI, age, but not migration status nor sex, contributed to disparities

in mortality. Migrant status did not result in lower attendance of CR. Considering the protective associations of CR
on CVD mortality independent of age, sex, and migration status, the lower uptake in women and older adults is
noteworthy.
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rehabilitation

Introduction

Despite progress in prevention and treatment, coronary artery
disease (CAD) remains the leading cause of health loss globally1

and the most common cause of death related to cardiovascular
disease (CVD).2 Percutaneous coronary intervention (PCI)
among patients with acute coronary syndromes (ACS) and sec-
ondary prevention strategies improve event-free survival.3 As PCI
techniques and medical therapies have evolved, CVD mortality
rates are decreasing mostly in high-income settings.3 However,
persistent disparities in care contribute to the burden of the dis-
ease in specific populations.4

Migrants, women, and older adults have been underrepresented in
cardiovascular clinical trials.5–9 The implications of underrepresenta-
tion in research are far-reaching, as it may raise concerns regarding
the validity of guideline recommendations9 and contribute to dispar-
ities in care.10 Indeed, several observational studies have reported an
increased burden of disease and mortality11,12 and lower uptake of

secondary prevention strategies, such as cardiac rehabilitation (CR)
programmes among migrants, women, and older adults with
CAD.13–16

Despite an ongoing controversy regarding CR survival bene-
fits,17 CR reduces the risk of cardiovascular hospital admissions
and improves the quality of life in patients with CAD.18

Numerous mechanisms may be responsible for the benefits asso-
ciated with CR, including antiatherosclerotic, anti-ischaemic, anti-
arrhythmic, antithrombotic, and psychologic effects.19 Therefore,
CR is an integral part of clinical practice guidelines for the manage-
ment of acute (ACS) and chronic coronary syndromes
(CCS).20,21 However, the CR participation rate has remained low
over time in both European and non-European countries22–24 and
there is scarce data regarding the associations of migration status,
sex, and age with CR outcomes.25

Improved understanding and identification of disparities in out-
comes after PCI and access to CR may inform health stakeholders
and policy-makers and help design future interventions to reduce
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inequities and improve clinical outcomes in patients with CAD in spe-
cific settings. Therefore, we aimed to investigate the associations of
(i) underrepresented groups with major adverse cardiac events
(MACE), CVD mortality, and non-CVD mortality; (ii) underrepre-
sented groups with CR uptake; and (iii) CR uptake with the under (i)
specified clinical outcomes, after 1 year of follow-up.

Methods

Study design
For this observational longitudinal study, we included all consecutive
patients who underwent PCI at a tertiary care centre between 2009 and
2018 and provided informed consent to participate in CARDIOBASE
Bern PCI registry (NCT02241291). Figure 1 depicts the selection of
patients. We followed the Strengthening the Reporting of Observational
Studies in Epidemiology reporting guideline.26

Setting, selection of patients, and data

sources
CARDIOBASE registry follows patients prospectively and systematic-
ally during 1 year after PCI to assess death, myocardial infarction (MI),
stroke, revascularization, and medical treatment. A health question-
naire is sent to all living patients with questions on re-hospitalization
and adverse events, followed by telephone contact in case of missing

response. General practitioners and referring cardiologists are con-
tacted if necessary for additional information. External medical
records, discharge letters, and coronary angiography documentation
are systematically collected and reviewed for patients treated for ad-
verse events at other medical institutions.27 Baseline clinical and pro-
cedural characteristics and all follow-up data are entered into a
dedicated database, held at an academic clinical trials unit (CTU Bern,
Bern University Hospital, Switzerland) responsible for central data
audits and maintenance of the database. A clinical event committee
consisting of two cardiologists (or three in case of disagreement) adju-
dicated all the events based on source documents. We excluded
patients who withdrew informed consent (Figure 1). Thirty-day mor-
tality is widely used as a surrogate marker of procedural quality and
depends largely on the provider’s caseload.28 Therefore, we excluded
patients who died within the first 30 days after PCI to avoid immortal
bias in the CR uptake analysis, and to account for clinical, instead of
procedural-related outcomes in the main analysis. We linked the
CARDIOBASE information with the hospital administrative records
to obtain the migration status, geographic living area, and participation
in CR. We used the geographic living area to select the group of
patients for our CR uptake analysis. Because we only had data on CR
uptake if CR was completed at our centre, we performed the analysis
on CR uptake in the subgroup of patients living in the referral area of
our hospital in the city of Bern. We also used the geographic living
area to obtain the geocode of the place of residence at the time of PCI
and linked our anonymized data to the census-based Swiss National

Figure 1 Flow diagram.

Clinical outcomes and CR in underrepresented groups 1095
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/29/7/1093/6459592 by U
niversitaetsbibliothek Bern user on 21 June 2022



(a)

(b)

(c)

Figure 2 (A) Multi-state models with transitional hazard ratios for crude associations of migration status, sex and age with major adverse cardiac
events, non cardiovascular mortality, and cardiovascular disease mortality. Proportions of women and migrants in each transition are shown in brack-
ets. ***P < 0.001, **P < 0.01, *P < 0.05. (B) Multi-state models with transitional hazard ratios for adjusted associations of migration status, sex and age
with major adverse cardiac events, non cardiovascular mortality, and cardiovascular disease mortality. The model was additionally adjusted for history
of bleeding, hypertension, diabetes, end-stage renal disease requiring dialysis, previous myocardial infarction, smoking status, use of statins and dual
antiplatelet therapy, history of cancer, chronic obstructive pulmonary disease, peripheral artery disease, multivessel disease, left ventricular ejection
fraction, and type of intervention. ***P < 0.001, **P < 0.01, *P < 0.05. (C) Multi-state models with transitional hazard ratios associations of migration
status, sex and age with major adverse cardiovascular events, non cardiovascular mortality, and cardiovascular disease mortality, additionally adjusted
for socioeconomic position. Proportions of women and migrants in each transition are shown in brackets. The model was adjusted for socioeco-
nomic position in addition to Model B. ***P < 0.001, **P < 0.01, *P < 0.05. COPD, chronic obstructive pulmonary disease; CVD, cardiovascular dis-
ease; DAPT, dual antiplatelet therapy; ESRD, end-stage renal disease; HR, hazard ratio; LVEF, left ventricular ejection fraction; MACE, major adverse
cardiovascular events (myocardial infarction, revascularization, or cerebrovascular event); MI, myocardial infarction; PAD, peripheral artery disease;
SSEP, Swiss index of socioeconomic position.

1096 N. Gonzalez-Jaramillo et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/29/7/1093/6459592 by U
niversitaetsbibliothek Bern user on 21 June 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
Cohort29 to obtain the Swiss neighbourhood index of socioeconomic
position (SSEP).30

Statistical analyses
Clinical outcomes after percutaneous coronary

intervention for the cohort

We investigated the associations of being a migrant, woman, or older
adult, with MACE, CVD, and non-CVD mortality using multi-state mod-
els. After 1 year of follow-up, a patient may remain free of events or
move to one out of six possible transitions of MACE or death (Figure 2).
A second MACE, CVD death, and non-CVD death were the final or
absorbing states in the model. Model 1 included migrant status, sex, and
age as continuous, as independent variables. Model 2 added health-
related and intervention-related variables (history of bleeding, hyperten-
sion, diabetes, end-stage renal disease (ESRD) requiring dialysis, previous
MI, smoking status, use of statins and dual antiplatelet therapy (DAPT),
history of cancer, chronic obstructive pulmonary disease (COPD), per-
ipheral artery disease (PAD), multivessel disease, left ventricular ejection
fraction (LVEF), and type of intervention. Model 3 added SSEP. In all analy-
ses, we calculated transitional hazard ratios (HRs) with the corresponding
95% confidence intervals (CIs). We used R (Version 3.5.1, R Core Team,
2017) to build the multi-state models.

Cardiac rehabilitation uptake analysis

We investigated the associations of being migrant, woman, or older adult,
with CR uptake among patients from the referral area of Bern
(Supplementary material online, Figure S1) using logistic regression mod-
els. A raw model estimated the unadjusted associations and three multi-
variate logistic regression models estimated the adjusted associations.
Model 1 included only information about CR uptake and underrepre-
sented groups (migrant status, sex, and age as continuous) as independent
variables. Model 2 added health-related and intervention-related variables
(history of bleeding, hypertension, diabetes, ESRD requiring dialysis, pre-
vious MI, smoking status, use of statins and DAPT, history of cancer,
COPD, PAD, multivessel disease, LVEF, and type of intervention). Model
3 adds SSEP. In all analyses, we reported all proportions and odds ratios
(ORs) with the corresponding 95% CI derived from robust standard
error calculations.

Clinical outcomes after cardiac rehabilitation uptake

To investigate the associations of CR uptake with MACE, all-cause, and
CVD mortality, we implemented three Cox proportional hazard regres-
sion models, as above defined. We used time after PCI as the time scale.
We verified the proportional hazards assumption by plotting the scaled
Schoenfeld residuals. We used log-rank tests to compare the differences
in outcomes rates between CR and non-CR participants. In all analyses,
we reported HRs with the corresponding 95% CI. We considered P-val-
ues <0.05 as statistically significant and performed inverse probability
weighting (IPW) based on propensity score to balance the CR uptake
groups and minimize the impact of bias related to non-random assign-
ment (Supplementary material online, Methods). The analyses were per-
formed in Stata (version 16, Corporation, College Station, TX, USA).

Results

Patients and descriptive data
Between 1 January 2009 and 31 October 2018, 15 922 patients with
an established diagnosis of CAD were included in CARDIOBASE
registry (Figure 1). After excluding participants who withdrew

informed consent or died within the first 30 days after PCI, we
included 15 211 participants with a mean age (standard deviation) of
67 (12) years. There were 564 deaths during 1-year follow-up. The
median time of follow-up (interquartile range) for dead patients was
178 days (77–293). Cardiovascular disease deaths (n = 203)
accounted for 36% of all deaths. Major adverse cardiac events
occurred in 968 patients as a first event, and 111 patients presented a
second MACE during 1-year follow-up. All 14 647 remaining patients
could be followed-up to 1 year. Table 1 presents baseline characteris-
tics stratified by migration status, sex, and age group. Migrants,
women, and older adults represented 12%, 26%, and 60% of the par-
ticipants, respectively. Europeans mainly composed our migrant
population (Supplementary material online, Figure S2). Compared to
non-migrants, migrants were more likely to be diabetic (30% vs. 21%)
and active smokers (37% vs. 26%). Women were on average 6 years
older than men (72 vs. 66) and were more likely to have hyperten-
sion (75% vs. 66%). Compared to the group of younger adults, older
adults had a higher proportion of women (32% vs. 16%) and patients
with hypertension (77% vs. 56%), diabetes (25% vs. 18%), cancer
(15% vs. 5%), COPD (8% vs. 4%), PAD (10% vs. 5%), multivessel dis-
ease (45% vs. 38%), prior bleeding (5.7% vs. 3%), and hypercholester-
olaemia (66% vs. 61%) (Table 1).

Analysis of outcomes after percutaneous
coronary intervention
At completion of follow-up, 90% of patients remained free of events.
We observed 1619 incident outcomes in 1521 patients. The most
common first-transition event was MACE (6%), followed by non-
CVD mortality (2%), and CVD mortality (1%). After a first MACE,
11% of those patients had a second MACE, 5% died from cardiovas-
cular cause, and 2% died from other causes (Figure 2A). Age was asso-
ciated with a significant risk for non-CVD mortality as a first
transition, and CVD mortality in all the transitions, but not with
MACE (Figure 2A). For each year increase in age, participants had an
8% increased risk of non-CVD and CVD mortality after PCI in the
first transition. After a first MACE, the magnitude of the association
of age with non-CVD mortality remained consistent (HR = 1.06; 95%
CI 1.02–1.09) as for the first transition (Figure 2A). After adjustment
for health-related factors, migrants had a lower risk of non-CVD
mortality as the first event (HR = 0.53; 95% CI 0.3–0.94) (Figure 2B).
Additional adjustment for SSEP (Figure 2C) showed consistent results
(HR = 0.48; 95% CI 0.27–0.90). Women were not at higher risk of
events in any of the transitions.

The sensitivity analysis for excluded participants who died within
the first 30 days after PCI did not reveal any excess of early mortality
rates among migrants (HR = 0.7; 95% CI 0.4–1.3) and women
(HR = 1.1; 95% CI 0.8–1.5). Similar to the main analysis, older adults
had a higher risk of early mortality, compared to patients younger
than 65 years (HR = 2.8; 95% CI 1.9–4.4). Therefore, we excluded
potential outcome differences in 1-year mortality due to differential
mortality that occurred within the first 30 days after PCI.

Cardiac rehabilitation uptake
We included 3011 patients living in the referral area of Bern. Overall,
CR uptake was 35%. The lowest CR uptake was 32% in 2009. The
highest CR uptake was 38% in 2015. Time trend for uptake was not
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Table 1 Baseline characteristics according to underrepresented groups

Total

sample

Age groups P-value for

comparison

Sex P-value for

comparison

Migration status P-value for

comparison<65 �65 Male Female Non-migrants Migrants

Sociodemographic factors, n (%) 15 211 6118 (40) 9093 (60) 11 331 (74) 3880 (26) 13 356 (88) 1855 (12)

Age, years (SD) 67 (12) 55 (7) 75 (7) — 66 (12) 72 (11) 0.000 68 (11) 61 (12) 0.000

Female sex 3880 (25) 974 (16) 2906 (32) 0.000 — — — 3521 (26) 359 (19) 0.000

Migration status 1855 (12) 1149 (19) 706 (8) 0.000 1496 (13) 359 (9) 0.000 — — —

SSEP, mean (SD) 54 (11) 53 (11) 54 (11) 0.07 54 (11) 53 (11) 0.11 54 (11) 51 (13) 0.09

Health-related factors, n (%)

ACS 8375 (55) 3898 (64) 4477 (49) 0.000 6256 (55) 2119 (55) 0.37 7337 (55) 1038 (56) 0.41

Hypertension 10 424 (69) 3407 (56) 7017 (77) 0.000 7509 (66) 2915 (75) 0.000 9200 (69) 1224 (66) 0.02

Diabetes mellitus 3412 (22) 1093 (18) 2319 (25) 0.000 2492 (22) 920 (24) 0.01 2850 (21) 562 (30) 0.000

ESRD requiring dialysis 165 (1.1) 56 (0.9) 109 (1.2) 0.11 114 (1) 51 (1.3) 0.1 140 (1) 25 (1.3) 0.23

History of AMI 2445 (16) 828 (14) 1617 (18) 0.000 2000 (18) 445 (12) 0.000 2089 (16) 356 (19) 0.000

History of cancer 1615 (11) 300 (5) 1315 (15) 0.000 1172 (10) 443 (11) 0.06 1471 (11) 144 (8) 0.000

History of bleeding 694 (4.6) 179 (3) 515 (5.7) 0.000 517 (4.6) 177 (4.6) 0.96 598 (4.5) 96 (5.2) 0.19

History of PAD 1230 (8) 304 (5) 926 (10) 0.000 894 (8) 336 (9) 0.11 1088 (8) 142 (8) 0.49

History of COPD 981 (6.4) 257 (4) 724 (8) 0.000 782 (7) 199 (5) 0.000 873 (6.5) 108 (6) 0.27

Active smoking 4139 (27) 2802 (46) 1337 (15) 0.000 3323 (30) 816 (21) 0.000 3454 (26) 685 (37) 0.000

Former smoking 4585 (30) 1571 (26) 3014 (33) 0.000 3903 (35) 682 (18) 0.000 4054 (31) 531 (29) 0.11

Hypercholesterolaemia 9751 (64) 3741 (61) 6010 (66) 0.04 7291 (65) 2460 (64) 0.58 8497 (64) 1254 (68) 0.03

BMI, kg/m2 (SD) 27 (4.6) 28 (5) 27 (5) 0.04 27 (4) 27 (5) 0.13 27 (4.6) 27 (4.5) 0.06

LVEF, % (SD) 53 (13) 54 (11) 54 (11) 0.18 53 (13) 54 (13) 0.16 53 (13) 52 (13) 0.15

Prescription of statins 13 851 (91) 5782 (95) 8069 (89) 0.000 10 454 (92) 3397 (88) 0.000 12 134 (91) 1717 (93) 0.01

Prescription of DAPT 14 481 (95) 5872 (96) 8609 (95) 0.11 10 814 (95) 3667 (95) 0.58 12 698 (95) 1783 (95) 0.13

Intervention-related factors, n (%)

Multivessel treatment 6391 (42) 2349 (38) 4042 (45) 0.000 4870 (43) 1521 (39) 0.000 5615 (42) 776 (42) 0.88

Balloon angioplasty 1118 (7.3) 434 (7) 684 (7.5) 0.52 859 (7.6) 259 (6.7) 0.19 988 (7) 130 (7) 0.67

Primary stenting 14 079 (92.7) 5676 (93) 8403 (92.5) 0.52 10 477 (92) 3602 (93.3) 0.19 12 355 (93) 1724 (93) 0.67

BMS 746 (4.9) 315 (5) 431 (4.7) 0.52 564 (5) 182 (4.7) 0.19 668 (5) 78 (4.2) 0.67

DES 13 333 (88) 5361 (88) 7972 (88) 0.39 9931 (88) 3420 (88) 0.13 11 687 (88) 1646 (89) 0.25

Percentages are based on the population for each column.
ACS, acute coronary syndrome; AMI, acute myocardial infarction; BMI, body mass index; BMS, bare metal stents; COPD, chronic obstructive pulmonary disease; DAPT, dual antiplatelet therapy; DES, drug-eluting stents; ESRD, end-stage
renal disease; LVEF, left ventricular ejection fraction; n, number of participants; PAD, peripheral artery disease; SD, standard deviation; SSEP, Swiss neighbourhood index of socioeconomic position.
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..significant (Bonferroni-corrected P value = 0.28). The distribution of
baseline characteristics according to CR attendance is summarized in
Supplementary material online, Table S1. Ambulatory CR uptake for
migrants, women, and patients older than 65 years was 45%, 25%,
and 23%, respectively (Supplementary material online, Table S1).
Patients’ characteristics at baseline significantly differed according to
CR uptake. We found the lowest proportions of uptake in patients
with diabetes, previous MI, cancer, ESRD requiring dialysis, PAD, and
COPD. Compared to patients who did not attend CR, we found a
significantly higher prescription of statins (88% vs. 95%) and DAPT
(93% vs. 97%) in the group of CR uptake (Supplementary material
online, Table S1). In the multivariate analysis, we found that age was
significantly inverse-associated with CR uptake, and overall rates of
CR uptake in women were significantly lower when compared with
men. For each year increase in age, participants had 5% lower CR up-
take [OR (95% CI) = 0.95 (0.94–0.96)]. For patients older than
65 years, the relative reduction in uptake was 67%, compared to
patients younger than 65 years [OR (95% CI) = 0.33 (0.27–0.4)].
Compared to men, women had a 22% relative reduction in CR up-
take, independent of age, comorbidities, and socioeconomic status
[OR (95% CI) = 0.78 (0.6–0.9)] (Table 2). Migration status was initially
associated with higher CR uptake, but it was no longer significant
after adjustments (Table 2).

Clinical outcomes after cardiac
rehabilitation uptake
The event rates in the group of patients living in the CR referral area
of Bern were as follows: all-cause mortality was 3.1% (n = 96), CVD
mortality was 1.3% (n = 39), and MACE was 11.2% (n = 336). Among
age, sex, and migrations status, only age was associated with all-cause
and CVD mortality (Supplementary material online, Table S2). After
multiple adjustment for CR uptake, baseline health-related, and
intervention-related factors, participants older than 65 years had a
3.1-fold risk of all-cause mortality [HR (95% CI) = 3.1 (1.4–6)], and
5.3-fold risk of CVD mortality [HR (95% CI) = 5.3 (1.2–23)],

compared to participants younger than 65 years (Supplementary ma-
terial online, Table S2). Results remained similar after additional
adjusting for SSEP (Supplementary material online, Table S2). The
rates for MACE did not differ among categories of migration status,
age, and sex. We observed an independent association of CR uptake
with all-cause (HR [95% CI] = 0.12 [0.04–0.4]) and CVD mortality
[HR (95% CI) = 0.12 (0.02–0.9)], but not with MACE [HR (95%
CI) = 1.1 (0.86–1.5)] (Supplementary material online, Table S3 and
Figure S3). After propensity score inverse weighting, we obtained bal-
anced distributions of weights, which ranged between 1.02 and 3.1 in
the group of no-uptake, and 1.4 and 17 in the group of uptake. The
final IPW sample size was 5953 weighted participants in equally bal-
anced groups of 2953 (no-uptake) and 3000 (uptake). We obtained
consistent estimation of CR uptake associations with all-cause [HR
(95% CI) = 0.26 (0.1–0.62)], CVD mortality [HR (95% CI) = 0.06
(0.08–0.44)], and MACE [HR (95% CI) = 1.06 (0.82–1.4)] from gener-
alized estimating equations based on the IPW from the propensity
score (Supplementary material online, Table S3).

Discussion

Overall, we found that CVD and non-CVD mortality after PCI were
strongly associated with age, while taking into account all other con-
sidered factors. Migrants had a lower risk of non-CVD mortality after
PCI, while women and older adults, but not migrants, were less likely
to attend ambulatory CR. In all groups of age, gender, and migration
status, CR was independently associated with lower rates of all-cause
and CVD mortality, even after adjusting for health and intervention-
related factors, socioeconomic status, and controlling for confound-
ing by indication.

As expected, increasing age resulted in higher incidence of CVD
mortality and all-cause mortality, independent of health-related fac-
tors and SSEP. Furthermore, we observed a consistent magnitude of
the effect of age across all the transitions to mortality, independent of
the cause of death or MACE as a previous transition. Increasing age

......................................... ....................................... .......................................................

....................................................................................................................................................................................................................

Table 2 Cardiac rehabilitation uptake according to underrepresented groups

Age groups Sex Migration status

Total sample (n 5 3011) <65 �65 Male Female Non-migrants Migrants

Participation rates,a n (%)

1058 (35)

652 (53) 406 (23) 874 (38) 184 (25) 829 (33) 229 (45)

Crude ORs Ref 0.26 (0.2–0.3) Ref 0.55 (0.4–0.6) Ref 1.63 (1.3–1.9)

OR (95% CI)b Ref 0.27 (0.2–0.3) Ref 0.78 (0.6–0.9) Ref 1.02 (0.8–1.2)

OR (95% CI)c Ref 0.33 (0.27–0.4) Ref 0.74 (0.6–0.9) Ref 1.1 (0.9–1.4)

OR (95% CI)d Ref 0.33 (0.28–0.4) Ref 0.78 (0.6–0.9) Ref 1.1 (0.87–1.4)

COPD, chronic obstructive pulmonary disease; CR, cardiac rehabilitation; CVD, cardiovascular disease; ESRD, end-stage renal disease; MACE, major adverse cardiac events; MI,
myocardial infarction; n, number of participants; OR, odds ratios from logistic regression analyses; PVD, peripheral vascular disease; SSEP, Swiss neighbourhood index of socioe-
conomic position.
aParticipation rates in cardiac rehabilitation only performed in the group of patients living in the metropolitan area of the city of Bern.
bAdjusted associations by age, sex, and migration status for uptake in underrepresented groups.
cAdjusted model including history of bleeding, hypertension, diabetes, ESRD requiring dialysis, previous MI, smoking status, use of statins and DAPT, history of cancer, COPD,
PAD, multivessel disease, LVEF, and type of intervention, in addition to variables included in Model B.
dMost adjusted model including and SSEP, in addition to variables included in Model C.
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also resulted in decreased CR uptake. One may argue that older
patients are more frail, and present the typical decline in exercise cap-
acity as part of the ageing process, preventing them from attending
CR as suggested by some evidence.31,32 However, a recent study
evaluating uptake and adherence to CR programmes in older adults
from eight European countries found that perceived lack of useful-
ness was the main reason for refusing CR participation.33

Nevertheless, CR has been reported to offset the same risks that
prevent vulnerable patients from attending CR, as it improves physic-
al function and facilitates independence in older adults.34 Moreover,
we used health-related factors to adjust for CR uptake and CR asso-
ciations with our outcomes of interest. Despite the higher mortality
among the older participants, age did not attenuate the protective
associations of CR in our setting, highlighting the need to intensify
efforts in recruiting and facilitating access to CR for older patients. As
supported by recent evidence, home-based mobile programmes are
a safe and effective alternative to improve fitness and increase physic-
al activity in older patients who declined hospital-based CR.35,36

Despite the lower CR uptake among women, we observed a trend
towards a lower risk of CVD and non-CVD mortality in women after
PCI. Although an excess of mortality after PCI has been repeatedly
reported for women, especially in early PCI cohorts,11 global tem-
poral analyses have shown a progressive decline in mortality for both
sexes, and a reduction in the gender gap of mortality after PCI.37 Our
study extends this previous work, as we did not observe any differ-
ence in early or late mortality in women after PCI. Secular trends of
improvement in PCI techniques and patient selection may explain at
least in part our findings. The different baseline risk profiles between
sexes may explain the lack of significance after multiple adjustments.
While women were older and had a higher prevalence of hyperten-
sion, men were more likely to be smokers and have a history of MI.
Unmeasured factors related to lifestyle habits, such as physical activ-
ity, sleep, alcohol consumption, and diet, might also explain the higher
survival we found in women before the multivariate analyses.

We did not analyse the possible explanations for the low overall
rates of CR uptake in women in this study. However, a meta-analysis
that evaluated barriers to CR in women found that transportation,
home obligations, lack of insurance, and financial concerns limit the
participation of women in CR.38 Given the independent protective
associations of CR with mortality after PCI, our findings regarding dis-
advantaged access to comprehensive CR in women are a call to ac-
tion to improve CR uptake in this group. To address such barriers
related to transportation and time constraints, tailored home-based
CR programmes may play a role in helping to provide more options
to women.39

Current evidence supports the lower non-CVD mortality
among migrants observed in our setting. A meta-analysis from all
global regions found that migrants had a 30% relative reduction in
all-cause standardized mortality ratios when compared with the
general population from host countries.40 However, the estimates
for CVD mortality were highly heterogeneous (I2 = 99.62%), and
the individual studies did not compare equally treated populations
as we did. Some evidence41,42 supports the healthy migrant hy-
pothesis—immigrants to high-income settings tend to be healthier
than the native population—as a possible ad hoc explanation of
unexpected immigrant health advantages. Instead, we found a

worse clinical profile among migrants compared to Swiss patients.
In this study, the proportions of diabetes, ESRD requiring dialysis,
previous MI, active smoking, and hypercholesterolaemia were
higher in migrants than in non-migrants. Salmon bias hypothesis is
another possible explanation for the observed mortality advan-
tage of migrants.41 Salmon bias states that ill migrants tend to re-
turn to their countries of origin, while healthy migrants stay in the
host country. In this study, there were no losses to follow-up sup-
porting salmon bias theory. We add to the current knowledge be-
cause without healthy migrant effect and salmon bias, we still
found a survival advantage, which cannot be fully explained by the
two most accepted hypotheses. Despite the lack of significance
after multivariate analysis, we also found an initial trend towards
higher CR uptake among the migrant population. The higher CR
uptake of migrants in the uncorrected model was age-driven, and
became non-significant after multiple adjustment.

Our results contrast with other reports from the literature, as pre-
vious studies evaluating underrepresented populations have reported
disparities in CR uptake with lower uptake among racial and ethnic
groups.15,25 For instance, a recent study of German rehabilitation
care found that foreign nationals attend rehabilitation services less
often than German nationals do, even after adjusting for multiple fac-
tors, such as age and socioeconomic status.43 In addition, compared
to German nationals, migrants were less satisfied with the rehabilita-
tion programmes and completed them with a lower subjective per-
ception of success.44 However, a recent scoping review found
inconsistent results in the utilization of medical rehabilitation services
by persons of working age with a migrant background in comparison
with non-migrants.45 These inconsistencies may be due to differences
in the type of rehabilitation, country-specific social inequalities, and
structural characteristics of the migrant population. Therefore, our
results should be interpreted according to the structure of our mi-
grant population and the Bern circumstances, where patients from
European countries represented more than 80% of the migrant
population. Also particular for our setting, where the migrant popula-
tion rose to more than 25% during the 20th century,46 the following
conditions may have played a role in the participation of migrants in
the CR programme. First, the healthcare system upholds the princi-
ples of universality and equality through means, such as compulsory
health insurance.47 Second, all the insurance companies reimburse
the CR programme. Third, in 2002, Switzerland launched the
Immigration and Health initiative to bridge gaps for migrants in the
healthcare system,46 reinforced by the creation of the Swiss
Hospitals for Equity Network.

Despite the specificity of our clinical setting, our results indi-
cate the need to evaluate if inclusive policies at the country and
health system levels may help overcome health disadvantages
and exclusions in migrants. By comparing how rates of CR uptake
among migrants and nationals change over time, future studies
should evaluate the impact of health policies addressing health
inequities in the migrant population across different countries
and different migrant origins.

Limitations and strengths
Due to its observational design, this study is limited by the fact
that we did not investigate other potential unmeasured
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.
confounders that may affect both CR uptake and clinical benefit,
such as baseline physical activity levels, nutritional status, disabil-
ity, and frailty. However,48 in PCI patients, frailty as a clinical syn-
drome with progressive decrease in physical function, is
associated with the same health-related factors that we used for
adjustment, including previous MI, diabetes, hypertension, age,
sex, and ESRD.49

Another limitation of this study is that, in practice, stationary CR
programmes are also used for CR eligible patients who have difficulty
accessing CR ambulatory programmes. Patients who are disabled,
frail, or have limited cognitive function may decide to perform CR in
stationary centres. Since our hospital does not offer such a pro-
gramme and we do not have data on how many of our PCI patients
took up stationary CR at other centres, we may have underestimated
CR uptake rate in the older patients. However, in our cohort of PCI
patients, ambulatory CR is the intervention of choice, whereas sta-
tionary CR is preferred after coronary artery by-pass grafting, valve
surgery, and percutaneous aortic valve replacement. Therefore, we
do not expect an important proportion of stationary CR among our
participants.

Strengths include the prospective study design and a large
number of participants with extensive and detailed information
on covariates and outcomes. The large sample size allowed us to
adjust for multiple confounders, which provided consistent find-
ings. Despite the limitations of observational designs, our real-
life setting, the all-comers design, and the fact that we controlled
for immortal bias and confounding by indication make this study
more representative of the general population and current prac-
tice patterns than randomized trials with strict selection criteria.
Finally, this study is based on standardized adjudication of clinic-
ally meaningful outcomes.

Conclusion

In this study, among underrepresented groups undergoing PCI,
age, but not migration status nor female sex contributed to dispar-
ities in mortality. Migrant status did not result in lower attendance
of a structured CR programme. Considering the protective asso-
ciations of CR with CVD mortality irrespective of age, sex, and mi-
gration status, the lower uptake in women and older adults is
noteworthy.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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