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Abstract 

Background  The benefits of exercise-based cardiac rehabilitation (EBCR) programs in post-acute myocardial infarction (AMI) pa-

tients have been demonstrated. Our aim was to assess the impact of EBCR in  70-years-old vs. younger post-AMI patients. Methods  We 

retrospectively evaluated patients who underwent a supervised EBCR protocol, twice a week during 612 weeks. We evaluated changes in 

several outcomes based on pre- and post-CRP assessments. Results  Of a total of 1607 patients, 333 (21%) were  70-years-old. After the 

EBCR, an overall improvement on functional capacity, daily physical activity, lipid profile, body mass index, glycated hemoglobin (HbA1c), 

N-terminal pro-brain natriuretic peptide (NT-pro-BNP) and C-reactive protein was observed in both younger and older patients (P < 0.05). 

Older patients showed a smaller benefit on the increment of daily physical activity and lipid profile improvement, but a larger reduction in 

NT-pro-BNP. In the multivariate analysis, only improvements on daily physical activity and HbA1c were dependent on age. Conclusion  

As their younger counterparts, older patients, significantly improved functional capacity, metabolic parameters and level of daily physical 

activity after EBCR. 
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1  Introduction 

The positive clinical impact and cost-effectiveness of ex-
ercise-based cardiac rehabilitation (EBCR) programs in the 
secondary prevention of coronary artery disease (CAD) is 
well recognized.[1] These programs are characterized by a 
comprehensive approach to reduce cardiovascular risk, in-
cluding exercise training sessions, promotion of lifestyle 
changes and psychological support.[2] In addition to their 
beneficial impact on quality of life, they have been shown to 
reduce morbidity and mortality in patients with CAD.[24] 
Accordingly, international guidelines strongly recommend 
that patients who have suffered an acute myocardial infarc-
tion (AMI) should be referred to an EBCR.[5,6] 
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In developed countries, the increasingly prevalent aging 
population accounts for about half of the AMI.[7] However, 
these patients are underrepresented in overall clinical re-
search,[8,9] as well as in studies looking at cardiac rehabilita-
tion.[1012] The aging eligible population to EBCR presents 
challenges to traditional programs because older patients 
often have reduced functional capacity, higher rates of so-
cial isolation,[13] more comorbidities and more severe 
CAD.[1416] Albeit different reports concur as to the favor-
able responses to EBCR in this patient population,[17,18] par-
ticipation rates in EBCR among patients aged 70-years-old 
or more are still below the expected for this growing popu-
lation, in part due to a low rate of physicians’ referral.[19, 20] 
Other reasons for poor participation in this population may 
include socioeconomic factors, such as difficulties in trans-
portation to EBCR centers[21] and psychological factors, 
such denial of the severity of disease and depression.[22] 
However, the most powerful predictor of EBCR participa-
tion is the strength of the primary physician’s recommenda-
tion.[21] In this study, we aimed at assessing the global im-
pact of an EBCR program on functional capacity, daily 
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physical activity and metabolic profile in  70-year-old 
versus younger patients after an AMI. 

2  Methods 

2.1  Ethics statement 

This study was approved by the local ethics committee 
(local number 2020.008 (005-DEFI-006-CE)) and was per-
formed in accordance with the revised declaration of Hel-
sinki. Patients’ informed consents were waived due to the 
retrospective observational design of the study and because 
all records were anonymized. 

2.2  Population 

We retrospectively evaluated consecutive patients who 
completed an EBCR program between 2008 and 2017 after 
a hospitalization for AMI at our hospital. Older patients 
were defined by age  70 years. Although there are several 
cut-offs proposed to define elderly people, we believe that at 
the current decade this cut-off is most appropriate. Patients 
between 60 and 69-years-old frequently still work and have 
similar lifestyles to younger patients, while when they reach 
70-years-old, most patients have already retired. We also 
tested higher age cut-offs, but the percentage of older pa-
tients would significantly decrease and limit the analysis 
(2.3% were  80 and 8.3% of patients were  75-years-old). 
Patients’ clinical history, including cardiovascular risk fac-
tors, was collected by electronic health records review.  

Of the initial 2551 patients referred to EBCR (585 aged 
 70 years), we excluded those who were referred to the 
EBCR program for other reason than an AMI (Supplemen-
tal Figure 1). Of the remaining 1995 patients (440 aged  70 
years), we included patients who completed the EBCR, ex-
cluding those who for some reason did not finish the pro-
gram (388 patients).   

2.3  Cardiac rehabilitation program 

Patients underwent an EBCR which started during hos-
pital stay (phase 1) and continued through the first year after 
the AMI (phases 2 and 3). This study specifically focuses on 
the impact of the EBCB phase 2.  

Phase 1 of the EBCR began during hospitalization with 
supervised sessions of low intensity exercises and counsel-
ling with respect to the patients’ condition and associated 
lifestyle changes.   

Phase 2 started within two weeks after hospital discharge 
and took place in the Rehabilitation Unit of our tertiary uni-
versity hospital. Blood analysis and a symptom-limited ex-
ercise stress test (on a treadmill) were performed at baseline 
and at the end of EBCR phase 2. Bruce protocol (and modi-

fied Bruce protocol when considered adequate) were used 
for the exercise treadmill test. 

Exercise prescription was individualized based on clini-
cal data and stratification of cardiac risk, according to the 
international recommendations.[23] Following this initial 
evaluation, patients underwent a supervised exercise train-
ing protocol of bi-weekly sessions during a period of 612 
weeks. The number of sessions was similar for both younger 
and older patients. The training protocol consisted of four 
parts: 10 min of warm-up, 40 min of aerobic training, 15 min 
of resistance training and 10 min of cool-down and flexibil-
ity exercises. The intensity of aerobic exercise was indi-
vidually prescribed to a target heart rate (HR) calculated by 
the Karvonen formula [target training HR = resting HR + 
(peak HR– resting HR) × intensity level],[24] using the peak 
HR obtained from the stress treadmill test, complemented 
by the patient’s perceived exertion by Borg’s scale.[25,26] 
Additionally, patients were also encouraged to maintain ex-
ercise activity on days free from EBCR sessions.  

The second phase of this EBCR program also included 
group education sessions on CAD and individual counsel-
ling for cardiovascular risk factors control. Social support, 
nutrition, smoking cessation, endocrinology, urology, vas-
cular surgery and psychiatry support were offered when 
considered necessary.  

Phase 3 of the program started after the supervised hos-
pital-EBCR program. During this phase, patients were en-
couraged to maintain a healthy lifestyle and to perform am-
bulatory exercise activities.  

2.4  Evaluated parameters 

During the EBCR program, clinical assessment, blood 
analysis and symptom-limited exercise stress testing (on a 
treadmill) were performed before, at the end of phase 2 of 
the EBCR program and at 12 months. These data are col-
lected in a standardised fashion for every patient who com-
pletes the CRP, and the data are entered in a prospective 
database.  

In this study, we examined the evolution of multiple 
variables [functional capacity, daily physical activity, total 
cholesterol, low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), triglycerides 
and glycated haemoglobin (HbA1c), the prognostic bio-
marker NT-pro-brain natriuretic peptide (NT-pro-BNP), and 
high-sensitivity C-reactive protein] before and after the sec-
ond phase of the EBCR program in both young and older 
patients.  

The primary outcomes of this study were the change on 
functional capacity, daily physical activity and metabolic 
profile in patients ≥ 70-years-old between baseline and after  
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Figure 1.  Evolution of clinical and metabolic parameters during the EBCR program (Δ parameter = post-CRP assessment - base-
line assessment) across different age groups. P-values for the difference of mean changes between age groups. BMI: body mass index; 
CRP: cardiac rehabilitation program; EBCR: exercise-based cardiac rehabilitation; HDL: high-density lipoprotein cholesterol; IPAQ: inter-
national physical activity questionnaire; LDL: low-density lipoprotein cholesterol; METs: metabolic equivalents; NT pro-BNP: NT pro-brain 
natriuretic peptide. 

the EBCR program. The secondary outcome was the com-
parison between changes in older and younger patients.  

Functional capacity was assessed by metabolic equiva-
lents of task (METs)-1 MET corresponding to the consump-
tion of 3.5 mL O2/kg per min—calculated from a symptom 
limited exercise treadmill test.[26] Body mass index was cal-
culated from the formula weight (kg)/height (m2). Patients’ 
daily physical activity was estimated using the International 
Physical Activity Questionnaire (IPAQ),[27] a survey already 

validated in the Portuguese population for this purpose.[28] 
The IPAQ score is expressed as METs—minutes/week. 
Patients with a score higher than 3000 are considered to be 
highly active, and a score below 600 is considered to be 
inactive.  

Echocardiographic data was derived from the transtho-
racic echocardiogram performed before discharge during 
the AMI-related hospitalization. Left ventricle ejection frac-
tion was calculated using either eyeballing or the biplane 
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Simpson method according to the guidelines.[29] Glomerular 
filtration rate was calculated using the Chronic Kidney Dis-
ease Epidemiology Collaboration (EPI-CKD) equation.[30] 

2.5  Statistical analysis 

Histograms were used to assess normality of distribution 
of the data. Continuous variables are expressed as mean ± 
SD for normally distributed data or median (interquartile 
range) for non-normally distributed data. Categorical vari-
ables are expressed in absolute values and proportion (n 
(%)). Comparisons between the younger versus older groups 
of patients were performed using 2-sided unpaired t-tests or 
Wilcoxon rank sums test for normally and non-normally 
distributed data, respectively, or χ2 tests to compare propor-
tions. Parameter comparison between before and after CRP 
was performed using paired t-test for parametric or Wil-
coxon matched-pairs signed-rank test for non-parametric 
data, as appropriate.  

Linear regression was performed to assess the effect of 
age as a continuous variable in the evolution of the analysed 
parameters—IPAQ score, NT pro-BNP and C reactive pro-
tein variables were log transformed for this purpose. Ad-
justment for potential confounders was performed using 
multiple linear regression including the baseline characteris-
tics which were significantly different (P < 0.05) between 
both age groups. 

Statistical analysis was performed using Stata software 
Version 14.1 (Stata Corp LP, College Station, TX, USA). A 
two-sided P-value < 0.05 was considered significant. 

3  Results 

3.1  Studied population 

Clinical and demographic characteristics of the study 
population are summarized in Table 1. A total of 1607 pa-
tients attended our EBCR program after an AMI between 
2008 and 2017. Most patients were male (81%) and 333 
patients (21%) were aged ≥ 70-years-old. Dyslipidaemia 
(69%), hypertension (57%) and obesity (50%) were the 
most common cardiovascular risk factors. Most patients 
were considered inactive according to the IPAQ score.   

Older patients had a higher prevalence of hypertension 
(73% vs. 53%, P < 0.001), worse renal function (glomerular 
filtration rate: 63.8 ± 35.5 vs. 79.1 ± 43.7 mL/min per 1.73 
m2, P < 0.001), better lipid profile (total cholesterol: 163.5 ± 
37.1 vs. 177.4 ± 41.7 mg/dL, P < 0.001; HDL-C: 42.3 ± 0.6 
vs. 40.4 ± 0.3 mg/dL, P = 0.008; LDL-C: 97.1 ± 32.0 vs. 
108.0 ± 35.2 mg/dL, P < 0.001; TG: 124.3 ± 58.1 vs. 149.7 
± 90.1 mg/dL, P < 0.001), and were less likely to be smok-
ers (current or past) than their younger counterparts (25% vs. 

58% respectively, P < 0.001). Older individuals also pre-
sented multivessel CAD more frequently (73% vs. 64%, P = 
0.015) and had higher NT-pro-BNP levels (838 [280‒1722] 
vs. 410 [190‒901] ng/mL, P < 0.001). Older patients were 
less likely to live with their partner with a greater percent-
age of widowed patients (15% vs. 4%, P < 0.001). Signifi-
cant differences were also present in the prescription of diu-
retics, calcium channel blockers, nitrates (26% vs. 18%, P = 
0.005) and beta-blockers (Table 1). As expected, older pa-
tients had a significantly lower baseline functional capacity 
(7.0 ± 1.9 vs. 9.0 ± 2.3 METs, P < 0.001). 

3.2  Overall impact of the phase II EBCR program  

After a phase II EBCR program, an overall improvement 
in several parameters was observed, in both younger and 
older patients (Table 2). Functional capacity increased from 
8.6 ± 2.3 to 10.0 ± 2. 3 METs, P < 0.001 and daily physical 
activity measured by the IPAQ score increased from low to 
moderate physical activity (0 [0‒693] to 1386 [990‒2142], 
P < 0.001). Metabolic profile also improved, with a signifi-
cant reduction in body mass index (26.3 ± 3.8 vs. 25.8 ± 3.7 
kg/m2, P < 0.001), abdominal perimeter (97.2 ± 9.9 vs. 94.4 
± 10.2 cm, P < 0.001), LDL-C (105.8 ± 34.8 vs. 80.9 ± 28.5 
mg/dL, P < 0.001) and TG (144.5 ± 85.2 vs. 117.8 ± 58.1 
mg/dL, P < 0.001), an increase in HDLc cholesterol (40.7 ± 
11.7 vs. 44.4 ± 12.1 mg/dL, P < 0.001) and an improvement 
in HbA1c (6.3 ± 1.3 vs. 609 ± 1.0%, P < 0.001). A signifi-
cant reduction in NT-pro-BNP was observed during this 
period (457 [210‒1064] vs. 242 [106562] ng/mL, P < 
0.001). Inflammation, measured by C-reactive protein, was 
also reduced after the EBCR program (5.7 [2.4512.15] vs. 
1.8 [0.903.41] mg/mL, P < 0.001). After a phase II EBCR 
program, most smokers quit smoking, and the ones who 
continued to smoke, significantly reduced the number of 
cigarettes smoked per day (Table 2).  

3.3  Effect of the EBCR Program by age 

Both age groups showed similar improvements after the 
EBCR program (Table 2). Figure 1 illustrates the magnitude 
of the difference of multiple parameters between baseline 
and the end of phase II EBCR evaluation across different 
age groups. Patients aged  70 years showed a smaller in-
creased in functional capacity and physical activity meas-
ured by IPAQ score when compared to their younger coun-
terparts. Patients aged between 60 and 79 years old showed 
the largest reduction in body mass index and abdominal 
perimeter. Regarding lipid profile, younger patients had a 
greater improvement in LDL-C, TG and HDL-C after 
EBCR. Older patients showed a larger reduction in NT 
pro-BNP between before and after supervised program,  
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Table 1.  Baseline characteristics of the studied population.  

 All patients (n = 1607) < 70 years old (n = 1274) ≥ 70 years old (n = 333) P-value 

Age, yrs 60.4 ± 10.3 56.8 ± 8.1 74.3 ± 3.1 < 0.001 

Gender, female 19.4% 18.5% 22.8% 0.08 

Hypertension 57.0% 52.8% 73.0% < 0.001 

Diabetes mellitus 33.4% 32.4% 37.4% 0.14 

Dyslipidemia 68.9% 68.5% 70.2% 0.56 

Smoking    

Current smoker 38.7.7% 44.8% 16.2% 

Past smoker 12.0% 12.9% 8.4% 

< 0.001 

Obesity 49.5% 50.1% 47.4% 0.39 

BMI, kg/m2 26.3 ± 3.8 26.4 ± 3.9 25.8 ± 3.6 0.02 

Abdominal perimeter, cm 97.2 ± 9.9 96.9 ± 9.9 98.0 ± 9.8 0.07 

Multivessel disease 66.1% 64.2% 73.1% 

3-vessel disease 34.1% 32.8% 39.2% 
0.02 

STEMI 35.8% 39.0% 26.1% 0.11 

Moderate LVSD 9.9% 11.1% 5.3% 

Severe LVSD 6.0% 5.3% 8.6% 
0.39 

NT pro-BNP, ng/mL 457 (210–1064) 410 (190–901) 838 (280–1722) < 0.001 

Glomerular filtration rate, mL/min 67.3 ± 27.1 70.4 ± 27.3 55.5 ± 23.3 < 0.001 

Marital status    

Married/living with partner 81.4% 82.3% 77.9% 

Single 5.4% 5.8% 3.7% 

Divorced 7.3% 8.3% 3.7% 

Widowed 5.9% 3.5% 14.8% 

< 0.001 

β-blockers 81.6% 84.6% 70.2% < 0.001 

ACEI or ARB 62.6% 61.3% 67.8% 0.06 

Statins 95.9% 96.5% 93.9% 0.07 

Diuretics 17.3% 15.3% 24.9% < 0.001 

Calcium channel blockers 11.1% 9.4% 17.4% 0.001 

Nitrates 19.5% 17.8% 25.7% 0.005 

Total cholesterol, mg/dL 174.6 ± 41.2 177.4 ± 41.7 163.5 ± 37.1 < 0.001 

HDL-C, mg/dL  40.7 ± 11.7 40.4 ± 0.3 42.3 ± 0.6 0.008 

LDL-C, mg/dL 105.8 ± 34.8 108.0 ± 35.2  97.1 ± 32.0 < 0.001 

Triglycerides, mg/dL 144.5 ± 85.2 149.7 ± 90.1 124.3 ± 58.1 < 0.001 

HbA1c, %  6.3 ± 1.3  6.3 ± 1.3  6.3 ± 1.0 0.32 

CRP, mg/dL 5.7 (2.412.2) 5.7 (2.512.2) 5.3 (2.412.5) 0.47 

Functional capacity (METs)  8.6 ± 2.3  9.0 ± 2.3  7.0 ± 1.9 < 0.001 

IPAQ 0 (0-693) 0 (0-693) 0 (0-693) 0.94 

Data are presented as mean ± SD or median (interquartile range) unless other indicated. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin 

receptor blockers; BMI: body mass index; CRP: C-reactive protein; HbA1c: glycated haemoglobin; HDL-C: high-density lipoprotein cholesterol; IPAQ: Inter-

national Physical Activity Questionnaire; IQR: interquartile range; LDL-C: low-density lipoprotein cholesterol; LVSD: left ventricle systolic dysfunction; MET: 

metabolic equivalenttask; NT pro-BNP: NT pro-brain natriuretic peptide; STEMI: ST-segment elevation myocardial infarction. 
 

which was highest in the  80 years group. This dependence 
on age was not confirmed when using linear regression 
analysis with age as a continuous variable (Table 3). Using 
multivariate analysis with age as a continuous variable, ad-
justing for baseline differences between young and older 
patients (Table 1), only changes in IPAQ score and HbA1c 
were dependent on age. 

4  Discussion 

This study of post-AMI patients who completed an 
EBCR program had the following major findings. First, 
patients had significant improvements on functional capac-
ity, daily physical activity, metabolic profile, NT pro-BNP 
and inflammation, irrespective of age. Second, the magnitude 
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Table 2.  Comparison of clinical and laboratory parameters before and after EBCR program. 

All patients (n = 1607) < 70 years old  (n = 1274)  70 years old (n = 333) 
Charac- 

teristic Baseline After EBCR Delta Δ 
P 

value
Baseline

After 

EBCR 
Delta Δ

P 

value
Baseline 

After 

EBCR 
Delta Δ

P 

value

Functional ca-

pacity (METs) 
8.6 ± 2.3 10.0 ± 2.3  1.4 ± 1.2 < 0.001  9.0 ± 2.3 10.4 ± 2.2  1.5 ± 1.2 < 0.001  7.0 ± 1.9  8.4 ± 2.0  1.4 ± 1.2 < 0.001

IPAQ 0 (0693) 
1386 

(9902142)

1094 

(5941533) 
< 0.001 0 (0693)

1386  

(10402384)

1200  

(6931680)
< 0.001

0  

(0693) 

1386  

(6931434) 

693  

(3961386)
< 0.001

BMI, kg/m2 26.3 ± 3.8 25.8 ± 3.7 0.6 ± 1.0 < 0.001 26.4 ± 3.9 25.9 ± 3.8 0.5 ± 1.0 < 0.001 25.8 ± 3.6 25.2 ± 3.5 0.6 ± 0.8 < 0.001

Abdominal  

perimeter, cm 
97.2 ± 9.9 94.4 ± 10.2 2.8 ± 5.8 < 0.001 96.9 ± 9.9 94.2 ± 10.1 2.7 ± 5.6 < 0.001 98.0 ± 9.8 95.1 ± 10.6 2.9 ± 6.5 < 0.001

Total choles-

terol, mg/dL 
174.6 ± 41.1 147.6 ± 35.2 29.7 ± 42.1 < 0.001 177.4 ± 41.7 147.3 ± 34.6 33.0 ± 42.8 < 0.001 163.5 ± 37.1 148.7 ± 37.6 

16.2 ± 

36.0 
< 0.001

HDL-C, 

mg/dL 
40.7 ± 11.7 44.4 ± 12.1  2.2 ± 9.1 < 0.001 40.4 ± 0.3  43.1 ± 12.0  2.0 ± 9.2 < 0.001 42.3 ± 0.6  46.8 ± 12.0  3.1 ± 8.1 0.001

LDL-C, mg/dL 105.8 ± 34.8 80.9 ± 28.5 27.4 ± 35.5 < 0.001 108.0 ± 35.2  80.6 ± 27.6 30.2 ± 35.8 < 0.001  97.1 ± 32.0  82.2 ± 31.7 
16.3 ± 

32.1 
0.0001

Triglycerides, 

mg/dL 
144.5 ± 85.2 117.8 ± 58.1 30.0 ± 75.5 < 0.001 149.7 ± 90.1 120.2 ± 61.0 33.0 ± 80.2 < 0.001 124.3 ± 58.1 108.2 ± 44.3 

18.2 ± 

51.4 
0.0181

HbA1c, % 6.3 ± 1.3 6.0 ± 1.0 0.4 ± 0.8 < 0.001  6.3 ± 1.3  6.0 ± 1.0 0.4 ± 0.8 < 0.001  6.3 ± 1.0  6.1 ± 0.9 0.3 ± 0.6 < 0.001

NT pro-BNP, 

ng/mL 

457  

(2101064) 

242 

(106562)

201 

(514 41) 
< 0.001

410  

(190901)

217 

(93511)

189 

(451 38)
< 0.001

838  

(2801722) 

412  

(1901016) 

321 

(91468)
< 0.001

CRP, mg/dL 
5.7  

(2.412.2) 

1.8 

(0.93.4)

3.7 

(9.6 0.7) 
< 0.001

5.7 

(2.512.2)

1.8 

(0.93.5)

3.6 

(9.6 0.8)
< 0.001

5.3  

(2.412.5) 

2.0  

(1.23.1) 

3.9 

(9.80.6)
< 0.001

Glomerular 

filtration rate, 

mL/min 

76.0 ± 42.6 65.6 ± 28.0 10.7 ± 28.1 < 0.001  79.1 ± 43.7  68.4 ± 28.7 11.0 ± 29.0 < 0.001  63.8 ± 35.5  54.6 ± 21.4 9.3 ± 24.5 < 0.001

Current  

smokers, % 
38.7 13.3 25.4 < 0.001 44.8 14.3 30.5 < 0.001 16.2 9.6 6.6 < 0.001

Cigarettes / 

day, n* 

20  

(1030) 

5  

(310) 

9  

(190) 
< 0.001

20  

(1030) 

5  

(310) 

9  

(190) 
< 0.001

20  

(1535) 

7  

(48) 

4 

(18 2)
< 0.001

Data are presented as mean ± SD or median (interquartile range) unless other indicated. BMI: body mass index; CRP: C-reactive protein; EBCR: exer-
cise-based cardiac rehabilitation; HbA1c: glycated haemoglobin; HDL-C: high-density lipoprotein cholesterol; IPAQ: International Physical Activity Ques-
tionnaire; LDL-C: low-density lipoprotein cholesterol; METs: metabolic equivalents; NT-pro-BNP: NT pro-brain natriuretic peptide; *Cigarettes/day from 
patients who continued to smoke after EBCR. 

Table 3.  Univariate and multivariate linear analysis using age as a continuous variable, adjusting for baseline differences between 
young and older patients (hypertension, smoking, multivessel disease, LDL-C, TG, TC, NT-pro-BNP and baseline medication) and 
sex. ΔIPAQ, Δpro-BNP and C reactive protein were log-transformed.  

Univariate analysis Multivariate analysis  
B coefficient CI B coefficient CI 

ΔFunctional capacity (METs) 0.003 0.0020.01 0.01 0.00050.02 
ΔIPAQ 0.02 0.007 0.02 0.01 0.02 0.01 * 
ΔBMI, Kg/m2 0.006 0.220.9 0.001 0.010.01 
ΔAbdominal perimeter, cm 0.006 0.030.02 0.02 0.020.06 
ΔTotal cholesterol, mg/dL 1.00 0.781.20 0.81 0.131.74 
ΔHDL-C, mg/dL 0.002 0.050.05 0.02 0.080.13 
ΔLDL-C, mg/dL 0.82 0.651.00 0.25 0.030.54 
ΔTriglycerides, mg/dL 0.86 0.481.24 0.07 0.610.47 
ΔHbA1c, % 0.006 0.0010.01 0.01 0.0020.02 * 
ΔNT-pro-BNP, ng/mL 0.006 0.030.04 0.18 0.180.04 
C reactive protein, mg/dL -0.02 0.070.04 0.08 0.270.10 

*Statistically significant. BMI: body mass index; CRP: cardiac rehabilitation program; HbA1c: glycated haemoglobin; HDL-C: high-density lipoprotein choles-
terol; IPAQ: International Physical Activity Questionnaire; LDL-C: low-density lipoprotein cholesterol; METs: metabolic equivalents; NT-pro-BNP: NT 
pro-brain natriuretic peptide; TC: total cholesterol; TG: triglycerides. 
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of the beneficial effect of EBCR on most parameters was 
similar across age spectrum. Third, older patients showed a 
smaller benefit on the increment of physical activity meas-
ured by the IPAQ score and on the HbA1c reduction. 

Older patients had more comorbidities than their younger 
counterparts. Their heart disease was also more severe, pre-
senting with multivessel CAD more frequently and having 
higher NT-pro-BNP. This frailty of the older patients is 
frequently translated into longer hospital stays and higher 
rates of physical impairment after a cardiac event.[15] Also, 
older patients were taking more diuretics, calcium channel 
blockers and nitrates than younger patients. 

Although the prevalence of cardiovascular events in-
creases with age, in our sample only 21% of the patients 
were 70 years of age or older. This could be explained by 
the lower EBCR referral rates among the older patients, as 
previously reported in other studies.[31,32] Older patients 
have higher rates of social isolation.[33] In our cohort, fewer 
older patients lived with their partner and more frequently 
were widowed. Social isolation and lack of social support in 
the older patients can contribute to lower adherence rates to 
secondary prevention strategies and have been shown to 
predict increased morbidity and mortality after an acute 
myocardial infarction.[34]  

Patients aged ≥ 70 years achieved favourable outcomes 
in most of the studied parameters, regardless of their higher 
burden of comorbidities. These findings stress the need for 
strategies to increase the referral rate among these age 
groups. 

Older patients had a better lipid profile than the young at 
the baseline. The magnitude of the improvement on LDL-C 
cholesterol and TG during EBCR was inferior in older pa-
tients, but this difference was not observed after adjusting 
for their baseline values. Al Quait, et al.[35] also demon-
strated a difference of 30% on the reduction of total choles-
terol after EBCR between older and younger patients, fa-
vouring the younger cohort. We found no significant dif-
ferences on the percentage of patients taking statins between 
groups at the baseline, however we did not assess the pre-
scribed dose of the statin, neither the discontinuation rate of 
this drug, which could influence outcomes. 

Older patients had a more pronounced reduction of NT 
pro-BNP values during EBCR, which seems to be explained 
by their higher baseline value, since this difference lost sig-
nificance when adjusted for baseline covariates. Previous 
studies have demonstrated similar reductions on this prog-
nostic marker during EBCR.[17] 

The role of functional capacity as an independent pre-
dictor of mortality has been established.[36,37] In our cohort, 
older patients had a worse baseline functional capacity, 

evaluated by metabolic equivalents on a stress treadmill test. 
Ageing is usually associated with a gradual loss of muscle 
mass and a deterioration of oxygen uptake, which can ex-
plain these differences in addition to the impact of their high 
burden of comorbidities. Due to their low baseline exercise 
capacity, older patients may demonstrate larger improve-
ments on cardiorespiratory fitness after EBCR.[38,39] These 
findings are not consistent and Sandercock et al. showed 
significantly larger gains in cardiovascular fitness in patients 
with < 55 years old compared to their older counterparts.[40] 
In our cohort, young and older patients had similar im-
provements on functional capacity, with the exception of 
patients with  80 years of age, who showed smaller im-
provements on this outcome. Regarding daily physical ac-
tivity measured by the IPAQ score, the youngest age group 
demonstrated larger gains after EBCR. Despite small dif-
ferences on magnitude, this positive trend in both age groups 
supports the positive impact of EBCR on prognosis of pa-
tients after an acute myocardial infarction.  

Finally, we find a consistent decrease of C reactive pro-
tein after EBCR in both age groups. This supports the hy-
pothesis that exercise physical activity and exercise training 
contribute to decrease inflammation regardless of heart dis-
ease and age.[41] Despite the known association between 
aging and inflammation,[42] we did not find a statistically 
significant difference on reactive C protein between both 
age groups.  

It is important to note that the observed improvements 
could also be explained by other factors than the EBCR. 
Regarding functional capacity, daily physical activity, reac-
tive C protein and pro-BNP, it could be hypothesised that 
the since the first measurements were done after a hospi-
talization for AMI, the values were worse (more extreme) 
that the expected for those individuals. In such case, the 
regression to the mean phenomena could have contributed 
to the observed improvements. Moreover, after an acute 
myocardial infarction, patients are prone to adhere to life-
style changes (like eating healthier food and doing exercise). 
They are also on medication like statins that were titrated 
according to the target values for each patient at their physi-
cian’s description. These factors certainly contributed to the 
observed improvements. However, it is expected that at 
least in some degree the changes in these outcomes were 
affected by the EBCR itself, as demonstrated by several 
examples on the literature, including randomized clinical 
trials which compared patients who underwent CRP with 
controls who did not.[2] 

Although cardiac rehabilitation is a major secondary 
prevention strategy and is currently indicated after an AMI 
as a class I level A recommendation,[5] older patients do not 
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receive any specific mention on the guidelines. Future re-
search should focus on the reasons of the lower referral rates 
of this specific population to EBCR, and strategies to coun-
teract this tendency. Social and quality-of-life related out-
comes on older patients should also be addressed in further 
studies.  

4.1  Limitations 

Our study has several limitations. The number of EBCR 
sessions and the number of group education sessions at-
tended by each patient was not available. It is plausible that 
this information could influence the results. Physicians tend 
to refer to EBCR older patients who have less comorbidities, 
greater functional capacity and who are more adherent to 
treatments. Also, about 19% of the patients were lost to fol-
low up after initiating the EBCR program. Therefore, there 
is probably some degree of selection bias in our sample. 
With the large evidence available nowadays, it would not be 
ethically acceptable to deny EBCR to some patients. We did 
not assess major cardiovascular events in this study—it 
would not be reasonable to compare major events in older 
versus young patients, since these events are related with 
age, a confounder difficult to adjust for. Since the EBCR 
program occurred after an AMI, most patients have started 
medications or had their drugs adjusted during this period 
and were probably more motivated to adhere to lifestyle 
changes. This probably happened both in young and older 
patients and certainly accounted to some degree of the im-
provements that were observed, regardless of the impact of 
EBCR. We did not study the social and psychological im-
pact of cardiac rehabilitation. Finally, in this study we only 
assessed the short-term impact of EBCR.  

4.2  Conclusion 

Both younger and older patients have significant im-
provements of functional capacity, metabolic profile and 
inflammation after the completion of an EBCR program. 
Although some differences exist on the degree of beneficial 
effect of EBCR between both groups, these variations are 
modest and both groups seem to benefit from EBCR at 
short-term. EBCR is a major secondary prevention strategy 
with recognized benefits and older patients should be sys-
tematically referred to it. 
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