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Summary

Background. — Cardiac rehabilitation is strongly recommended in patients after acute myocar-
dial infarction.

Aims. — To assess cardiac rehabilitation prescription after acute myocardial infarction according
to predicted risk, and its association with 1-year mortality, using the FAST-MI registries.
Methods. — We used data from three 1-month French nationwide registries, conducted 5 years
apart from 2005 to 2015, including 13130 patients with acute myocardial infarction admitted to
coronary or intensive care units. Atherothrombotic risk stratification was performed using the
Thrombolysis In Myocardial Infarction Risk Score for Secondary Prevention (TRS-2P). Patients
were classified into three categories: Group 1 (low risk; no or one risk indicator; score of 0 or
1); Group 2 (intermediate risk; two risk indicators; score of 2); and Group 3 (high risk; at least
three risk indicators; score of > 3).

Results. — Among the 12291 patients, cardiac rehabilitation prescription was 43.6% (49.9% in
Group 1; 43.0% in Group 2; 35.2% in Group 3). Using Cox multivariable analysis, cardiac reha-
bilitation prescription was associated with lower mortality at 1 year in the overall population
(3.8% vs. 8.2%; hazard ratio [HR] 0.72, 95% confidence interval [CI] 0.61—0.85; P<0.001). Car-
diac rehabilitation was associated with improved 1-year mortality, with homogeneous relative
risk reductions in low- and intermediate-risk categories (HR 0.70, 95% Cl 0.51—0.94) compared
with high-risk patients (HR 0.72, 95% CI 0.59—0.88). In absolute terms, however, mortality
decrease associated with cardiac rehabilitation was positively correlated with risk level (Group
1, 0.9% vs. 2.4%; Group 2, 3.0% vs. 4.2%; Group 3, 10.5% vs. 17.3%).

Conclusion. — Cardiac rehabilitation prescription was inversely correlated with patient risk. A
positive association between cardiac rehabilitation and 1-year survival after acute myocar-
dial infarction was present whatever the risk level, but the greatest mortality reduction was
observed in high-risk patients.

© 2019 Elsevier Masson SAS. All rights reserved.

Résumé

Contexte. — La réadaptation cardiaque (RC) est fortement recommandée chez les patients
aprés un infarctus du myocarde (IdM).

Objectifs. — Evaluer la prescription de la RC au décours d’un IdM selon un score de risque et
son association sur la mortalité a un an, en utilisant les registres FAST-MI.

Méthodes. — Nous avons utilisé 3 registres d’un mois, conduits tous les 5 ans entre 2005 a
2015, incluant 13130 patients admis dans une unité de soins intensifs en France pour un IDM.
Le score de risque athérothrombotique utilisé était le TIMI Risk Score for Secondary Prevention
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(TRS-2P). Les patients étaient répartis en 3 catégories: Groupe 1 (bas risque; TRS-2P=0/1);
Groupe 2 (risque intermédiaire; TRS-2P =2); et, Groupe 3 (haut risque; TRS-2P > 3).

Résultats. — Sur les 12291 patients survivants, la prescription de la RC était de 43,6 % (Groupe
1, 49,9 %; Groupe 2, 43,0 %; Groupe 3, 35,2 %). En analyse multivariée, la prescription de la RC
était associée a une baisse de la mortalité a un an dans la population globale (3,8 % vs 8,2 %;
HR 0,72; 1C95 % 0,61—0,85; p<0,001), avec des réductions de risques relatifs homogenes dans
les catégories de risque faible et intermédiaire (HR 0,70, 1C95 % 0,51—0,94) comparées aux
patients a haut risque (HR 0,72, 1C95 % 0,59—0,88). En revanche, en valeur absolue, la baisse
de la mortalité associée a la RC était corrélée au niveau de risque (Groupe 1, 0,9 % vs 2,4 %;
Groupe 2, 3,0 % vs 4,2 %; Groupe 3, 10,5 % vs 17,3 %).

Conclusions. — La prescription de la RC était inversement corrélée au niveau de risque des
patients. La baisse de la mortalité a 1 an a été observée quel que soit le niveau de risque
des patients, avec toutefois une réduction plus marquée en valeur absolue chez les patients a

haut-risque.

© 2019 Elsevier Masson SAS. Tous droits réservés.

Background

Cardiac rehabilitation (CR), including graduated cardiovas-
cular exercise, risk factor modification, education, stress
management and psychological support, is strongly recom-
mended in current European guidelines in patients after
acute myocardial infarction (AMI) [1—3]. Participation in
CR after AMI is a safe and effective intervention that is
associated with decreased mortality and morbidity [4—8].
Specifically, participation in CR has been correlated with
lower rates of unplanned readmissions, higher quality-of-life
metrics, healthy lifestyle behavioural choices and improved
exercise capacity [4—10]. To our knowledge, the benefits of
CR have not been evaluated according to atherothrombotic
risk stratification.

Few risk stratification tools are validated and used in clin-
ical practice to assist with long-term therapeutic decision
making for secondary prevention in patients discharged alive
after AMI [11—23]. Recently, the Thrombolysis In Myocar-
dial Infarction (TIMI) Risk Score for Secondary Prevention
(TRS-2P) has been proposed to identify high-risk patients
who have the greatest potential to benefit from more inten-
sive secondary prevention therapy, such as antithrombotic
or lipid-lowering therapy [24—26]. In addition, the TRS-2P
has been recently validated in other trial populations and
observational studies [27,28].

The aim of the present study was to analyse the
relationship between prescription of CR and 1-year sur-
vival according to risk level defined by the TRS-2P score
in patients with AMI discharged alive, using the FAST-MI
registries (French registry of Acute ST-elevation or non — ST-
elevation Myocardial Infarction) [29—31].

Methods
Population

Three nationwide French registries were conducted 5 years
apart over a 10-year period (2005 to 2015): FAST-MI 2005
(NCT00673036) [30]. FAST-MI 2010 (NCT01237418) [31]; and

FAST-MI 2015 (NCT02566200) [29]. The methods used for

these registries have been detailed previously [29—31].
Briefly, their primary objectives were to evaluate the char-
acteristics, management and outcomes of patients with AMI
as seen in routine clinical practice, on a country-wide scale
(Appendix A).

All registries consecutively included patients with
ST-segment elevation myocardial infarction (STEMI) or
non — ST-segment elevation myocardial infarction (NSTEMI)
admitted to cardiac intensive care units within 48 hours of
symptom onset, during a specified 1-month period (Octo-
ber to December 2005, 2010 and 2015), with a possible
extension of up to 1 additional month. AMI was defined by
increased levels of cardiac biomarkers (troponins, creatine
kinase or creatine kinase MB), together with either compati-
ble symptoms or electrocardiogram changes. Participation in
the study was offered to all institutions, including university
teaching hospitals, general and regional hospitals and pri-
vate clinics that received AMI emergencies. A total of 13,130
patients (52% STEMI) were included in the three surveys.

The study was conducted in accordance with the guide-
lines on good clinical practice and French law (Appendix A).
All patients were informed of the nature and aims of the sur-
veys, and could request to be excluded; in addition, written
consent was obtained for all three surveys.

Data collection

Data on baseline characteristics, including demographics,
risk and medical history, were collected as described previ-
ously [29—31]. Information on the use of cardiac procedures,
including the use of percutaneous coronary intervention and
medications in the first 48 hours and at hospital discharge,
was collected. For all surveys, follow-up was centralized
at the French Society of Cardiology (Appendix A). Mortal-
ity follow-up at 1 year was obtained in more than 99% of
patients.

TRS-2P score

Each patient was assessed for the presence of any of the nine
risk indicators described previously in the Thrombin Recep-
tor Antagonist in Secondary Prevention of Atherothrombotic
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Ischemic Events (TRA-2P)-TIMI 50 trial at baseline [24—26]:
age > 75 years; diabetes mellitus; hypertension; peripheri-
cal artery disease; previous stroke; previous coronary artery
bypass grafting; history of heart failure; active smoking; and
renal dysfunction (defined by an estimated glomerular filtra-
tion rate < 60 mL/min/1.73 m? using the Modification of Diet
in Renal Disease equation). All variables, with the exception
of age and renal dysfunction, were determined on the basis
of clinical history. As described, each atherothrombotic risk
indicator was weighted evenly to define total risk for each
patient as the arithmetic sum of risk indicators. Simple risk
categories were defined to parallel the annualized risk of
death observed in the derivation population from patients
in TRA-2P, thus translating to a low-risk category with no or
one risk indicator (Group 1; score of 0 or 1), an intermediate-
risk category with two risk indicators (Group 2; score of 2)
and a high-risk category with at least three risk indicators
(Group 3; score of > 3).

Statistical analysis

Continuous variables are reported as means =+ standard
deviations or medians and interquartile ranges (IQRs), as
appropriate. Discrete variables are described as counts and
percentages. Groups were compared by analysis of variance
for continuous variables, and by the x? test (or Fisher’s
exact test) for discrete variables. Temporal trends were
tested using linear-by-linear association tests for binary and
Jonckheere—Terpstra tests for continuous variables. Odds
ratios and hazard ratios (HRs) are presented with their 95%
confidence intervals (Cls). Survival curves were estimated
using Kaplan—Meier estimators, and were compared using
log-rank tests.

Multiple logistic regression analysis was used to esti-
mate odds ratios, and to find the strongest independent
predictors of referral to CR. Clinical presentation and in-
hospital complication variables were included in the model.
Correlates of 1-year mortality were determined using a mul-
tivariable backward stepwise Cox analysis, using a threshold
of 0.10 for variable elimination. Besides time period, varia-
bles included in the final models were selected ad hoc, based
on their physiological relevance and potential to be associ-
ated with outcomes; they comprised age, sex, risk factors,
co-morbidities, type of myocardial infarction, TRS-2P cat-
egories, year and management. Sensitivity analyses were
performed focused on patients with STEMI or NSTEMI sep-
arately, and in each of the three historical cohorts. Analyses
were repeated using forward stepwise analysis to check the
consistency of the results. Statistical analyses were per-
formed using IBM SPSS 23.0 (IBM SPSS Inc., Armonk, NY, USA).
For all analyses, two-sided P values <0.05 were considered
significant.

Results
CR prescription

A total of 12291 patients (93.6%) alive at discharge had
all nine variables included in the TRS-2P score available,
and were included in the main analysis. Prevalence of CR
prescription was 49.9% in Group 1, 43.0% in Group 2 and

35.2% in Group 3, and increased between 2005 and 2015
in all TRS-2P categories (P<0.001 for all), mainly as a
result of increased prescription of outpatient CR (Fig. A.1).
After adjustment, compared with Group 1, referral to
CR was lower in Group 3 (HR 0.72, 95% CI 0.65—0.79;
P<0.001) and Group 2 (HR 0.83, 95% C10.75—0.91; P<0.001)
(Table A.1).

Clinical characteristics

Patient characteristics and clinical presentation according
to CR and TRS-2P categories are detailed in Table 1 and
Table A.2. In all TRS-2P categories, patients discharged
without CR prescription were older and had a more severe
cardiovascular risk profile. Current smokers were most fre-
quently referred to CR centres in all risk categories. Patients
referred to CR more often had STEMI or left ventricular dys-
function. In all TRS-2P categories, patients referred to CR
had lower GRACE, Simple Risk Index and CRUSADE scores.
Finally, biomarkers of inflammation (C-reactive protein, fib-
rinogen) were lower in all risk categories in patients referred
to CR. In-hospital complications are described in Table A.3.
The rates of cardiogenic shock, atrial fibrillation, major and
minor bleedings and use of transfusions were higher in Group
3 patients.

In-hospital management

Early management, including medications and myocardial
revascularization, differed according to TRS-2P categories
and CR prescription (Table 2). Overall, Group 3 patients were
treated less optimally than Group 1 and Group 2 patients.
In all TRS-2P categories, however, patients referred to CR
received more recommended medications during the first
48 hours after admission, and the use of invasive strategy
was higher.

Medications prescribed at discharge are listed in
Table 3. Overall, prescription of recommended treatments
decreased progressively from low-risk to high-risk patients,
and were significantly higher in patients referred to CR in
all risk categories. The use of BASI combination therapy
(beta-blocker, antiplatelet therapy, statin and angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker)
at discharge was 61% in Group 1 (69% for patients referred
to CR, 58% for patients not referred to CR), 62% in Group
2 (66% for patients referred to CR, 59.5% for patients
not referred to CR) and 51% in Group 3 (58% for patients
referred to CR, 47% for patients not referred to CR)
(P for all <0.001).

One-year mortality

Using Cox multivariable analysis, CR prescription was associ-
ated with lower mortality at 1 year in the overall population
(3.8% vs. 8.2%; HR adjusted on baseline characteristics
and management 0.72, 95% Cl 0.61—0.85; P<0.001). Risk
stratification of death at 1 year according to CR pres-
cription at discharge is presented in Fig. 1. CR was
associated with improved outcomes in all risk categories,
with homogeneous relative risk reductions in low- and
intermediate-risk categories (HR 0.70, 95% ClI 0.51—0.94;
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Table 1 Baseline characteristics and clinical presentation, according to risk stratification?.
Low risk Intermediate risk High risk P
CR No CR CR No CR CR No CR CR No CR
(n=2696) (n=2712) (n=1307) (n=1735) (n=1352) (n=2489)
Age (years) 57.7+11.3 59.7+12.2 63.8+13.2 67.3+13.2 73.1+12.3 76.0+10.9 <0.001 <0.001
Female sex 473 (18) 625 (23) 381 (29) 510 (29) 469 (35) 698 (39) <0.001 <0.001
BMI (kg/m?) 26.6+4.2 26.6+4.3 27.44+4.7 27.2+49 27.7+5.1 27.3+5.1 <0.001<0.001
Risk factors
Hypertension 552 (19) 570 (21) 985 (75) 1233 (71) 1196 (89) 2215 (89) <0.001 <0.001
Diabetes 77 (3) 109 (4) 294 (23) 443 (25.5) 710 (52.5) 1378 (55) <0.001 <0.001
Hypercholesterolaemia 919 (34) 1011 (37) 616 (47) 845 (49) 773 (57) 1382 (56) <0.001 <0.001
Current smoking 1063 (39) 919 (34) 629 (48) 587 (34) 424 (31) 546 (22) <0.001 <0.001
Medical history
Myocardial infarction 191 (7) 304 (11) 168 (13) 326 (19) 372 (28) 765 (31) <0.001 <0.001
PCI 205 (8) 304 (11) 168 (13) 317 (18) 339 (25) 643 (26) <0.001 <0.001
CABG 14 (1) 29 (1) 30 (2) 70 (4) 171 (13) 315 (13) <0.001 <0.001
Heart failure 8 (0.3) 6 (0.2) 19 (2) 33 (2) 158 (12) 356 (14) <0.001 <0.001
Stroke 22 (1) 34 (1) 50 (4) 78 (5) 202 (15) 350 (14) <0.001 <0.001
Peripheral artery disease 11 (0.4) 17 (1) 55 (4) 71 (4) 259 (19) 585 (24) <0.001 <0.001
Chronic renal failure 11 (0.4) 12 (0.4) 20 (2) 43 (3) 158 (12) 334 (13) <0.001 <0.001
Previous medications
Aspirin 271 (10) 376 (14) 256 (20) 440 (25) 560 (41) 1041 (42) <0.001 <0.001
Clopidogrel 67 (3) 145 (5) 84 (6) 182 (10.5) 246 (18) 597 (24) <0.001 <0.001
Beta-blockers 333 (12) 348 (13) 350 (27) 509 (29) 533 (39) 1011 (41)  <0.001 <0.001
Statins 420 (16) 529 (20) 383 (29) 526 (30) 600 (44) 1071 (43) <0.001 <0.001
ACE inhibitors or ARBs 454 (17) 391 (14) 485 (37) 724 (42) 705 (52) 1382 (56) <0.001 <0.001
Clinical presentation
STEMI 1852 (69) 1483 (55) 786 (60) 843 (49) 574 (42.5) 872 (35) <0.001 <0.001
Killip class <0.001 <0.001
| 2644 (98) 2654 (98) 1167 (89) 1554 (90) 863 (63) 1464 (59)
Il 36 (1) 42 (2) 92 (7) 122 (7) 283 (21) 567 (23)
i 5(0.2) 9 (0.3) 30 (2) 38 (2) 161 (12) 396 (16)
\% 6 (0.2) 3 (0.1) 13 (1) 11 (1) 36 (3) 48 (2)
LV function (%) 52.6+10.0 55.24+10.2 51.7+11.0 53.4+11.2 48.9+12.1 49.3+12.6 <0.001 <0.001
GRACE score 125.9+26.1 126.6 +27.1 136.7 +30.5 139.6 +30.5 162.1 +34.3 166.5 + 34.5 <0.001 < 0.001
Simple Risk Index score 19.4+9.4 20.7+10.4 23.5+11.5 26.2+13.6 32.6+15.4 35.0+15.7 <0.001 <0.001
CRUSADE score 17.5+10.6 20.0+11.5 24.0+12.7 27.3+12.7 39.4+15.3 43.6+14.1 <0.001 <0.001
CRP 12.3+36.0 12.6+29.3 15.2+33.8 15.1+32.3 28.2+51.1 31.9+53.2 <0.001 <0.001
Fibrinogen 5.0£13.0 5.8+3.9 5.2+10.8 6.7+4.5 6.1+12.3 8.2+5.2 <0.001 <0.001

Data are expressed as mean =+ standard deviation or number (%). ACE:

angiotensin-converting enzyme; ARB: angiotensin receptor

blocker; BMI: body mass index; CABG: coronary artery bypass grafting; CR: cardiac rehabilitation; CRP: C-reactive protein: LV: left
ventricular; PCl: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction.
2 Low risk: no or one risk indicator (Group 1, score of 0 or 1); intermediate risk: two risk indicators (Group 2, score of 2); high risk: at
least three risk indicators (Group 3, score of > 3).

P=0.02) compared with high-risk patients (HR 0.72, 95%
Cl 0.59—-0.88; P=0.01) (Fig. 2). In absolute terms, how-
ever, mortality decrease associated with CR was inversely
correlated with risk level (Group 1: 0.9% vs. 2.4%, A abso-
lute risk=1.5; Group 2: 3.0% vs. 4.2%, A absolute risk=1.2;
Group 3: 10.5% vs. 17.3%, A absolute risk=6.8). Similar
results were found in patients with STEMI or NSTEMI sep-
arately, and in each of the three historical cohorts (data not
shown).

Discussion

CR is under-prescribed in patients discharged alive after
AMI, and is inversely correlated with patient risk. From 2005
to 2015, CR prescription has increased markedly in all risk
categories, but the paradoxical lack of prescription of CR
in higher-risk patients persists in the most recent survey.
Lack of CR was associated with an increased risk of mortality
whatever the patient risk profile, but the absolute increase
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Table 2 In-hospital management, according to risk stratification®®.

Low risk Intermediate risk  High risk P

CR No CR CR No CR CR No CR CR No CR

(n=2696) (n=2712) (n=1307) (n=1735) (n=1352) (n=2489)
Aspirin 2528 (94) 2565 (95) 1209 (93) 1647 (95) 1235 (91) 2264 (91) 0.02  <0.001
Clopidogrel 1084 (40) 1786 (66) 633 (48) 1241 (72) 798 (59) 1846 (74) <0.001 <0.001
Ticagrelor 924 (34) 436 (16) 390 (30) 218 (13) 283 (21) 208 (8) <0.001 <0.001
Prasugrel 671 (25) 440 (16) 204 (16) 179 (10) 87 (6) 95 (4) <0.001 <0.001
Glycoprotein lIb/llla inhibitor 833 (31) 893 (33) 352 (27) 509 (29) 245 (18) 485 (20) <0.001 <0.001
Unfractionated heparin 1010 (38) 1062 (39) 476 (36) 706 (41) 568 (42) 1184 (48) 0.005 <0.001
LMWH 1452 (54) 1758 (65) 687 (53) 1032 (60) 582 (43) 1209 (49) <0.001 <0.001
Bivalirudin 94 (4) 58 (2) 41 (3) 31 (2) 20 (2) 25 (1) 0.001 0.005
Fondaparinux 482 (18) 391 (14) 253 (19) 206 (12) 257 (19) 296 (12) 0.46  0.009
Statin 2267 (84) 2199 (81) 1057 (81) 1340 (77) 1016 (75) 1743 (70) <0.001 <0.001
Beta-blocker 2143 (80) 2152 (79) 1015 (78) 1322 (76) 941 (70) 1666 (67) <0.001 <0.001
ACE inhibitors or ARB 1673 (62) 1506 (56) 873 (67) 1067 (62) 857 (63) 1495 (60) 0.01  <0.001
Procedures

Coronary angiography 2689 (99) 2662 (98) 1293 (99) 1639 (95) 1246 (92) 2007 (81) 0.01 <0.001

Coronary angiography results

<0.001 <0.001

No significant lesions (< 50%) 133 (5) 248 (9) 57 (4) 116 (7) 48 (4) 111 (6)

One-vessel disease 1364 (51) 1267 (48) 558 (43) 645 (40) 354 (29) 562 (28)

Two-vessel disease 753 (28) 757 (29) 406 (32) 475 (29) 381 (31) 579 (29)

Three-vessel disease 407 (15) 344 (13) 234 (18) 326 (20) 286 (23) 479 (24)

CABG 14 (1) 28 (1) 30 (2) 69 (4) 171 (14) 276 (14)
PCI 2348 (87) 2113 (78) 1093 (84) 1305 (75) 913 (68) 1452 (58) <0.001 <0.001
Drug-eluting stent 1486 (58) 1001 (44) 698 (57) 583 (42) 561 (48) 687 (42) <0.001 <0.29
Reperfusion therapy (STEMI) <0.001 <0.001

Primary PCI 1243 (67) 816 (55) 517 (66) 462 (55) 344 (60) 382 (44)

Fibrinolysis 266 (14) 300 (20) 94 (12) 142 (17) 59 (10) 86 (10)

Medical therapy 343 (19) 367 (25) 174 (22) 239 (28) 171 (30) 404 (46)
Coronary angiography <24 h (NSTEMI) 495 (59) 581 (49) 276 (54) 355 (43) 286 (41) 419 (33) <0.001 <0.001
Complete myocardial revascularization 688 (26) 1322 (49) 366 (28) 749 (43) 390 (29) 745 (30) <0.001 <0.001

Data are expressed as number (%). ACE:angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CABG: coronary artery
bypass grafting; CR: cardiac rehabilitation; LMWH: low molecular weight heparin; NSTEMI: non — ST-segment elevation myocardial
infarction; PCl: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction.

2 Low risk: no or one risk indicator (Group 1, score of 0 or 1); intermediate risk: two risk indicators (Group 2, score of 2); high risk: at

least three risk indicators (Group 3, score of > 3).
b Percentages based on available data.

was considerably higher in the high-risk group. Finally, risk
stratification using scores such as the TRS-2P score can iden-
tify populations in whom special attention should be given
to encourage CR.

CR prescription

Overall, only 44% of all 12291 patients had a referral rec-
ommendation for CR. This rate is in line with existing data
from the European Cardiac Rehabilitation Inventory Sur-
vey and data from the EUROASPIRE study, demonstrating a
wide range of referral rates from<3% to 90% [32—34]. In
EUROASPIRE 1V, CR was recommended in 50.7% of patients,
with 41.2% finally attending a CR programme [35]. Age lim-
its, physical limitation and funding were the most prevalent
reasons for exclusion. These reasons concur with our analysis

showing that patients being referred to CR are significan-
tly younger (63.0 vs. 67.4 years) with low risk (TRS-2P=1:
39% vs. 50%). Data from the AMIS registry and a recent
publication from the Israel Heart Society (Working Group
on Cardiac Rehabilitation) found similar independent pre-
dictors for referral [36,37]. Data from the Get With The
Guidelines programme also documented decreased use of
CRin higher-risk patients, although the gap with lower-risk
patients might have attenuated in recent years [38].

Patients with a prescription of CR at discharge were pre-
dominantly male; they were significantly younger, presented
with fewer risk factors, such as dyslipidaemia, hypertension
or diabetes, but were more likely to be obese and smokers,
as reported recently in the AMIS registry [37]. In addition,
our data showed that low risk (i.e. TRS-2P = 1) was an inde-
pendent predictor of referral to CR.
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Table 3 Medications in patients discharged alive, according to risk stratification®.

Low risk (0—1) Intermediate risk (2)  High risk (> 3) P

CR No CR CR No CR CR No CR CR No CR

(n=2696) (n=2712) (n=1307) (n=1735) (n=1352) (n=2489)
Aspirin 2621 (97) 2578 (95) 1264 (97) 1630 (94) 1271 (94) 2260 (91) <0.001 <0.001
Clopidogrel 908 (34) 1476 (54) 561 (43) 1086 (63) 739 (55) 1647 (66) <0.001 <0.001
Prasugrel or ticagrelor 1602 (59) 915 (34) 610 (47) 401 (23) 361 (27) 304 (12) <0.001 <0.001
Beta-blocker 2392 (89) 2278 (84) 1139 (87) 1427 (82) 1112 (82) 1885 (76) <0.001 <0.001
Statin 2562 (95) 2472 (91) 1202 (92) 1544 (89) 1160 (86) 2038 (82) <0.001 <0.001
ACE inhibitors or ARB 2120 (79) 1894 (70) 1041 (80) 1326 (76) 1038 (77) 1770 (71) 0.18 <0.001
Diuretic 342 (13) 253 (9) 324 (25) 398 (23) 653 (48) 1188 (48) <0.001 <0.001
Aldosterone receptor antagonist 160 (6) 102 (4) 117 (9) 100 (6) 147 (11) 194 (8) <0.001 <0.001
Calcium channel blocker 161 (6) 219 (8) 169 (13) 291 (17) 305 (23) 599 (24) <0.001 <0.001
Proton pump inhibitor 1638 (61) 1520 (56) 859 (66) 1012 (58) 924 (68) 1555 (63) <0.001 <0.001
Insulin 40 (2) 39 (1) 88 (7) 152 (9) 282 (21) 578 (23) <0.001 <0.001
BASI 1869 (69) 1581 (58) 867 (66) 1032 (60) 786 (58) 1181 (47) <0.001 <0.001

Data are expressed as number (%). ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BASI: combination therapy
comprising beta-blocker, antiplatelet, statin and ACE inhibitor or ARB; CR: cardiac rehabilitation.

@ Low risk: no or one risk indicator (Group 1, score of 0 or 1); intermediate risk: two risk indicators (Group 2, score of 2); high risk: at
least three risk indicators (Group 3, score of > 3).

30 - 285
o5 No cardiac rehabilitation prescription at discharge
— Cardiac rehabilitation prescription at discharge 22.7
X 20.1
E 20'
S
E 1 P< 0.001 =
<0. 10.7
5 101
a 6.1
5 - 57 4.2 30
1.5 05 1.1
0 1 2 3 4 >5
# Risk indicators

Population (N) 714 780 1998 1916 1734 1307 1210 774 756 362 523 216
Population(%) 10 15 29 36 25 24 17 145 11 7 75 4
Totalevents(n) 11 4 53 21 72 39 130 47 152 46 149 49

Risk indicators :
CHF, HTN, age = 75, DM, prior stroke, prior CABG, PAD, eGFR < 60, current smoking

Figure 1. Death at 1 year by cardiac rehabilitation prescription at discharge according to number of risk indicators. One-year Kaplan—Meier
estimates are shown. The P value is based on the x? test for trend. CABG: coronary artery bypass graft; CHF: congestive heart failure; DM:
diabetes mellitus; eGFR: estimated glomerular filtration rate; HTN: hypertension; PAD: peripheral artery disease.
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Figure 2. One-year survival according to risk stratification and

cardiac rehabilitation prescription at discharge. Cl: confidence
interval; HR: hazard ratio. Low risk: no or one risk indicator (Group
1, score of 0 or 1); intermediate risk: two risk indicators (Group 2,
score of 2); high risk: at least three risk indicators (Group 3, score
of > 3).

Clinical impact of CR

Based upon recent guideline recommendations, patients
with STEMI and NSTEMI have a class | recommendation for
CR [1-3]. Data from most recent meta-analyses about the
impact of CR on mortality and morbidity after acute coro-
nary syndrome further support this recommendation [39].
The CROS (Cardiac Rehabilitation Outcome Study) analysed

25 studies with 219702 patients, and demonstrated that CR
after acute coronary syndrome was associated with reduced
mortality.

To our knowledge, the potential benefits of referral to CR
programme for patients after AMI according to atherothrom-
botic risk stratification have not been evaluated. Using the
TRS-2P score, our results show that CR was associated with
similar relative risk reductions in 1-year mortality in all
risk categories, but in absolute terms, the increased haz-
ard related to lack of prescription of CR was much greater in
high-risk patients. Similarly, the TRS-2P score had previously
demonstrated the capacity to identify high-risk patients who
have the greatest potential to benefit from more intensive
secondary prevention therapy. In the TRA-2P-TIMI 50 trial,
this risk stratification tool identified a gradient of risk for
recurrent events, and distinguished a pattern of increasing
absolute benefit with vorapaxar [24—26]. Moreover, using
data from the IMPROVE IT trial, the TRS-2P score identi-
fied an increasingly favourable relative and absolute benefit
from the addition of ezetimibe to simvastatin therapy with
increasing risk profile [27].

Study limitations

As in any observational study, there are limitations to
our analysis. In particular, causality between CR pres-
cription and long-term outcome cannot be demonstrated;
however, we did adjust our results on well-recognized deter-
minants of long-term outcome, and sensitivity analyses
confirmed our main findings. There are other previously
identified risk indicators and other yet to be identi-
fied variables that may provide additional refinement for
stratification. However, the ability of this simple scor-
ing system to identify differential treatment benefit for
different classes of secondary prevention therapy sup-
ports its clinically utility. In addition, our analyses were
focused on the mortality at 1 year, while this risk strat-
ification tool was developed for all cardiovascular events
at 3 years. The rate of cardiovascular death was not
available. Finally, the main limitation of this study is
that we used the rate of CR prescription at discharge,
because the rate of CR actually performed was not avail-
able. However, judging from the comparison of data
from the 2010 FAST-MI survey (35.9% prescription rate)
and the national figures of actual performance of CR
in France in 2011 (33%), the difference between pres-
cription and actual performance of CR appears to be
small [40].

Conclusions

Despite favourable trends over the past 10 years, prescrip-
tion of CR after AMI remains underutilized, and was inversely
correlated with patient risk using the TRS-2P score. CR was
associated with decreased 1-year mortality in all risk cat-
egories. In absolute terms, however, the increased hazard
related to lack of prescription of CR was greater in high-
risk patients. Specific efforts should be made to encourage
prescription of CR, particularly in high-risk patients.
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