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An estimated 4.1% of the Western population develops stable angina
pectoris (SAP) during life, which is currently treated by optimal med-
ical therapy, often followed by revascularization, performed percutan-
eously [i.e. percutaneous coronary intervention (PCl)] or surgically
[i.e. coronary artery bypass grafting (CABG)]. However, recent studies
found no superiority of revascularization in SAP patients without left-
main stenosis on 1- and 2-year prognoses compared to optimal medical
therapy.>> A potential alternative, cardiac rehabilitation (CR), demon-
strated fewer symptoms” and adverse advents® in previous small rando-
mized controlled trials, whilst a recent cohort study showed lower
18-month mortality, rehospitalization, and cardiovascular morbidity
compared to PCL® More research is required to gain insight into clinical
outcomes of CR, but also whether CR represents a cost-effective alter-
native to revascularization given the lower costs of CR”® and large pro-
portion of patients with SAP undergoing PCL>'® Therefore, we
compared the effects of CR vs. PCl on major adverse cardiovascular
events (MACE), new revascularizations, chest pain, and associated
healthcare costs over a period of 24 months in patients with SAP.
We conducted a retrospective cohort study utilizing the database of
a Dutch health insurance company [Codperatie Volksgezondheidzorg
(VGZ); >4.2 million individuals]. Patients treated with CR (SAP + CR)
or PCl (SAP+PCIl) within 6 months of diagnosis were eligible.
Patients with both CR and PCl were excluded. Eligibility was deter-
mined using health insurance claims data, enrolling patients with claims
on diagnosis-treatment combination ‘Stable angina pectoris’ (3200202)

and treated with PCl or CR, identified with Dutch healthcare product
codes (see Supplementary material online, STA and B). Patients < 18
years, CABG as first treatment, unstable angina pectoris or myocardial
infarction between SAP and treatment initiation, or CR without super-
vised exercise therapy were excluded. We followed the ‘Strengthening
the Reporting of Observational studies in Epidemiology’ (STROBE)-
reporting guideline and were exempted from informed consent by
the Dutch Central Committee on Research Involving Human
Subjects, because it involved retrospective analyses of an anonymized
dataset.

Data were collected from the moment of diagnosis, between 1 January
2013 and 30 June 2018, with 24-month follow-up, to refrain from the
COVID period and use a fixed timeframe for cost analysis. Patient char-
acteristics included age, sex, comorbidities, and cardiac medications, spe-
cified in Supplementary material online, S2. Cardiovascular events
consisting of new revascularizations (elective/acute PCI/CABG), non-
specific chest pain, and MACE (i.e. ischaemic events/acute heart failure/
mortality) were collected using Dutch healthcare product codes (see
Supplementary material online, S7C). Initial treatment (PCI/CR) and car-
diovascular events within 24-month follow-up were linked to healthcare
costs based on 2019, using ‘OpenDisData’ of the Dutch healthcare au-
thority (see Supplementary material online, 53).11

Analyses were performed using R Studio (2022.02.1) and various
packages (see Supplementary material online, S$4). Characteristics
were presented as numbers (%) (categorical variables) or mean + SD
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Table 1

Patient characteristics at baseline and cardiovascular events after treatment % (n) of patients with stable

angina pectoris with percutaneous coronary intervention only or with cardiac rehabilitation only, after propensity score

matching

SAP with PCI only

(n=2841)
Patient characteristics at baseline
Age (years) at diagnoses; mean (SD) 66.4 (9.8)
Sex, male 579 (68.8)
Comorbidities
Respiratory diseases 136 (16.2)
Rheumatologic diseases 202 (24.0)
Dementia 1(0.1)
Psychological diseases 115 (13.7)
Diabetes 164 (19.5)
Cardiovascular medications
Antithrombotics 583 (69.3)
Antihypertensives 7 (0.8)
Diuretics 197 (234)
Beta blockers 439 (52.2)
Calcium antagonists 208 (24.7)
ACE-inhibitors 224 (26.8)
Angiotensin |l receptor blockers 188 (22.4)
Antilipemic agents 507 (60.3)
Cardiovascular events after 24-month follow-up
Non-specific chest pain 105 (12.5)
Revascularization
CABG 19 (2.3)
PCI 94 (11.2)
MACE 367 (43.6)
Ischaemic events 357 (424)
Acute heart failure 13 (1.5)
Death 30 (3.6)

SAP with CR only P-value
(n=841)
66.0 (9.2) 0.391
590 (70.2) 0.596
143 (17.0) 0.694
183 (21.8) 0.296
1(0.1) 1.000
98 (11.7) 0.241
161 (19.1) 0.902
589 (70.0) 0.791
11 (1.3) 0.477
214 (25.4) 0.364
445 (52.9) 0.807
225 (26.8) 0.372
220 (26.2) 0.825
203 (24.1) 0.419
509 (60.5) 0.960
79 (94) 0.051
4(0.5) 0.003
47 (5.6) <0.001
239 (284) <0.001
233 (27.7) <0.001
7 (0.8) 0.261
14 (1.7) 0.022

Values are n (%) unless otherwise stated. Patient characteristics and cardiovascular events were compared using a XZ test for categorical variables and an independent-sample t-test for

continuous variables.

ACE-inhibitors, angiotensin-converting enzyme inhibitor; CABG, coronary artery bypass grafting; CR, cardiac rehabilitation; MACE, major adverse cardiac events; PCI, percutaneous

coronary intervention; SAP, stable angina pectoris; SD, standard deviation.

(continuous variables). To create comparable groups, we used 1:1 pro-
pensity score matching (PSM), using nearest-neighbour matching with a
0.1 pooled-SD calliper and logistic regression with the variables age,
seX, respiratory diseases, dementia, diabetes, and (cardiac-related)
medications. Patient characteristics and cardiovascular events were
compared between groups with a 3 test (categorical) or independent
t-test (continuous). Kaplan—Meier test was used to assess survival, in-
cluding log-rank test for comparing differences between groups.
Hazard ratios (HR) were calculated using Cox-regression analysis.
Costs were described as average, 95% confidence interval (Cl) and
compared with Mann—Whitney U tests. Significance was set at P < 0.05.

After exclusion of 1501 patients treated with PCl and CR, the cohort
consisted of 4724 patients [SAP +PCl: n=3883 (82.2%), SAP + CR:
n =841 (17.8%)]. Following PSM, 1682 (35.6%) patients were included
in the analysis, all of whom completed 24-month follow-up and showed
no differences between groups (Table 1).

Significantly fewer new PCls (HR: 0.71, 95% ClI: 0.79-1.01,
Supplementary material online, S5) and CABGs (HR: 0.18, 95% ClI:
0.04-0.81) were performed in SAP + CR compared to SAP + PCI. No
statistical difference in non-specific chest pain prevalence was found

(HR: 0.80, 95% Cl: 0.60-1.08). SAP + CR had lower risks for MACE
overall (HR: 0.54, 95% Cl: 0.46—0.64, Table 1), including lower risk of
ischaemic events (HR: 0.51, 95% Cl: 0.43-0.61) and mortality (HR:
0.76, 95% ClI: 0.40-1.45), and additionally better event-free survival
compared to SAP + PCl (P < 0.001, Figure 1A).

Average treatment costs for PCl (€5686, 95% Cl: €5530—-€5841)
were significantly higher compared to CR (€3520, 95% ClI: €3436—
€3604, P < 0.001). Per patient, cardiovascular event costs were signifi-
cantly higher in SAP + PCI (€1700, 95% ClI: €1459—-€1940) compared
with SAP + CR (€947, 95% Cl: €724-€1170, P < 0.001), as well as total
costs (SAP + PCl: €7385, 95% Cl: €7067—€7704; SAP + CR: €4468, 95%
Cl: €4221-€4715, P <0.001, Figure 1B), leading to €2918 (95% Cl:
€2517-€3319) higher costs for SAP + PCl per patient vs. SAP + CR.

In patients with SAP, we found that CR is associated with lower risks
for MACE compared with PCI. This reinforces the association between
CR and lower all-cause mortality, rehospitalization, and cardiovascular
morbidity compared to revascularization.>® Importantly, these previ-
ous studies were either underpowered and performed in a different
era (20 years ago)® or contained significant variation.® The inclusion
of a large sample with real-world data provides support for superiority
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Figure 1 Survival curve and average healthcare costs of patients with stable angina pectoris with treatment of percutaneous coronary intervention
(PCI) or cardiac rehabilitation (CR). (A) Kaplan—Meier curve for overall event-free survival of MACE in a 24-month follow-up in patients with stable
angina pectoris with treatment of PCl or a treatment of CR. (B) Average healthcare costs of both stable angina pectoris treatment and cardiovascular
events within a 24-month follow-up after diagnosis in patients with stable angina pectoris with treatment of PCl or a treatment of CR, in euros, per
patient.
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of CR to PCl in SAP patients leading to fewer MACE across 24-month
follow-up. Regarding the expected a priori lower costs for CR combined
with lower risks for MACE during follow-up, CR saved average costs of
€2918 per individual. Since 15 369 elective PCls were performed in the
Netherlands in 2021,'° our observation could translate into savings up
to €44 million/year in the Netherlands when CR replaces PCI as first-
line treatment in patients with SAP.

Some limitations must be highlighted. Although we found no differ-
ences between PSM-matched groups, we cannot exclude potential
presence of residual confounding by indication and selection bias, lead-
ing to distinct groups for disease severity and/or complaints. Despite
extensive correction, some factors, like potential presence of left-main
stenosis, could not be fully corrected, which may result in overestimat-
ing the benefit of CR on MACE risks. Furthermore, the healthcare cost-
calculations may underestimate the actual cost savings and may have
been conservative towards CR, as we focused on direct healthcare
costs only. We did not account for other healthcare (e.g. ambulance)
and/or socio-economic costs associated with poorer health status
and/or loss of (work-related) productivity. The latter seems relevant
as a previous meta-analysis reported better return-to-work following
CR (66%) vs. usual care (58%).">

In conclusion, CR has been linked to significantly fewer MACE and
reduced healthcare costs compared to PCl across 24-month follow-up
in patients with SAP. These observations have potential clinical and
socio-economic impact, as it suggests that CR may be preferred as first-
line treatment over PCl in patients with SAP.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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