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Cardiac Introduction and Objectives: Coronary heart disease is the leading cause of death in women
rehabilitation; worldwide and several studies have shown that they are under-represented in cardiac reha-
Women; bilitation therapy. The objectives of this study were to assess the prevalence of women in a
Ischemic heart cardiac rehabilitation program and to assess their response to this intervention.

disease Methods: This is a retrospective study of 858 patients who attended an exercise-based cardiac

rehabilitation program after an acute coronary syndrome or elective percutaneous coronary
intervention, between January 2008 and December 2012. The patients were analyzed by gender,
and the impact of the intervention on cardiovascular risk factors and NT-proBNP was studied. In
a subgroup of 386 patients the impact on functional capacity, resting heart rate, chronotropic
index and heart rate recovery was also analyzed.

Results: Only 24% of the 858 patients who attended the program were women. Women showed
statistically significant improvements in all cardiovascular risk factors, NT-proBNP, functional
capacity and heart rate recovery (p<0.05) after the program. There were also improvements in
resting heart rate and chronotropic index, but these were not statistically significant (p=0.08
and p=0.40, respectively) and when the improvements in these two parameters were com-
pared between genders, there was no statistically significant difference (p=0.33 and p=0.17,
respectively).

Conclusions: Only 24% of the patients attending the program were women. We found that they
benefited from cardiac rehabilitation therapy, with significant improvements in cardiovascular
risk factors and in most of the prognostic markers studied.
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PALAVRAS-CHAVE
Reabilitacao

Os beneficios da reabilitacdo cardiaca na doenca coronaria: uma questao de género?

Introducdo e objetivos: A doenca coronaria representa a principal causa de morte das mulheres
no mundo e diversos estudos documentam uma sub-representacdo destas na terapéutica de
reabilitacdo cardiaca. Os objetivos deste estudo foram descrever a prevaléncia das mulheres
num programa de reabilitacdo cardiaca e avaliar a resposta deste subgrupo a esta intervencao.
Métodos: Estudo retrospetivo constituido por doentes que frequentaram um programa de
reabilitacdo cardiaca baseado no exercicio, apos sindrome coronaria aguda ou intervencao
coronaria percutanea eletiva, entre janeiro de 2008 e dezembro de 2012. Os 858 doentes foram
divididos pelo género e estudou-se o impacto desta terapéutica sobre os fatores de risco car-
diovascular e NT-proBNP, e numa subpopulacao de 386 doentes sobre a capacidade funcional,
frequéncia cardiaca em repouso, indice cronotropico e recuperacédo cronotropica.

Resultados: Dos 858 doentes que frequentaram o programa apenas 24% eram mulheres.
Verificou-se de forma estatisticamente significativa que ap6s o programa as mulheres apre-
sentaram uma melhoria de todos os fatores de risco cardiovascular, NT-proBNP, capacidade
funcional e recuperacéo cronotrépica (p < 0,05). Em relacédo a frequéncia cardiaca em repouso
e ao indice cronotropico observou-se uma melhoria, mas esta nao foi estatisticamente signi-
ficativa (p = 0,08; p = 0,40). No entanto, quando comparada a melhoria destes dois parametros
entre géneros, esta nao teve significado estatistico (p = 0,33; p = 0,17).

Conclusées: Apenas 24% dos doentes a frequentarem o programa eram mulheres. Verificamos
que estas beneficiaram do programa de reabilitacdo cardiaca com melhoria significativa dos
fatores de risco cardiovascular e da maioria dos marcadores de prognostico estudados.

© 2013 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L. Todos os

cardiaca; Resumo
Mulheres;
Doenca cardiaca
isquémica
direitos reservados.
Introduction

Cardiovascular disease is the leading cause of death
worldwide," and coronary heart disease (CHD) is the most
common form. Although traditionally associated with male
gender, CHD is also highly prevalent in women,? and is in fact
the leading cause of death among women in Europe (23%),
surpassing other more high-profile diseases such as breast
cancer (3%).}

However, the interest shown by health authorities in CHD
in women is due not only to its high prevalence in this patient
group, but also to the troubling fact that various studies
have demonstrated that women are under-represented in
treatments with prognostic impact in CHD, particularly drug
therapy and revascularization.*"*

Cardiac rehabilitation programs (CRPs), another thera-
peutic modality with proven prognostic impact in CHD, % "3
are underused in both sexes,' but particularly in women.
Several studies have shown that the level of participation in
CRPs is consistently lower in female CHD patients.'>"'®

The objectives of this study were to assess the preva-
lence of women in our CRP and the clinical impact of this
intervention in this patient subgroup.

Methods

Study design

We performed a retrospective analysis of 858 patients
with CHD who attended a CRP at Hospital de Santo
Anténio, Porto, after an acute coronary syndrome or elective

percutaneous coronary intervention (PCl), between January
2008 and December 2012. Patients who attended at least
80% of the CRP sessions were included. A subgroup of 386
patients for whom data were available on exercise testing
during the program was analyzed with regard to the param-
eters assessed by this exam.

Cardiac rehabilitation program

The CRP at our center is coordinated by a cardiologist and a
physiatrist, and also includes specialists in vascular surgery,
psychiatry, urology and endocrinology, as well as physiother-
apists, nutritionists, nurses and social workers. Patients are
referred following hospitalization in a cardiology ward or
from cardiology outpatient clinics.

The program is organized in separate, sequential phases
in accordance with international guidelines." Phases | and
Il were included in this study.

Phase | begins during hospitalization, and includes
educating patients about their disease and control of car-
diovascular risk factors; they are also encouraged to regain
mobility in the ward, depending on their clinical condition.

Phase Il takes place in the Cardiovascular Prevention
and Rehabilitation Unit of our center on an outpatient
basis, beginning 1-2 weeks after hospital discharge. An ini-
tial clinical assessment is performed by the specialist in
physical medicine and rehabilitation, focusing on the car-
diopulmonary, musculoskeletal and neurological systems.
Patients are then referred for laboratory tests aimed at
guiding strategies to control cardiovascular risk factors and
for exercise testing to stratify cardiac risk with a view
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to prescribing an exercise program in accordance with
international guidelines.' Patients can also be referred for
consultations in vascular surgery, endocrinology, psychiatry,
urology, smoking cessation and nutrition depending on clin-
ical indications. This is followed by 8-12 weeks (depending
on the patient’s clinical situation and response) of health
education sessions for the patient and their relatives and
supervised exercise sessions. The latter are held in groups of
nine patients, with continuous telemetry and heart rate (HR)
monitoring, under the supervision of the cardiologist and/or
physiatrist, in accordance with current guidelines.”” The
exercise sessions are held twice weekly, each lasting approx-
imately 60 minutes, and include a warm-up period, aerobic
training, strength training (using dumbbells, exercise balls
and other strength training equipment), a cool-down period
and flexibility exercises. The aerobic component occupies
most of the session (40 minutes), using a treadmill and
arm and leg ergometers. The intensity of each exercise is
determined on the basis of the patient’s exercise HR cal-
culated by the Karvonen formula' (50-80% of HR reserve
determined during exercise testing), complemented by the
patient’s rating of perceived exertion on the Borg scale.'?°
In addition, patients are encouraged to exercise during the
rest of the week at the same level of intensity as that pre-
scribed for the supervised sessions in terms of training HR
and Borg scale and aimed at achieving the target values
recommended in international guidelines for weekly energy
expenditure. Patients are re-assessed at the end of phase Il
through repeat laboratory tests and exercise testing.

Study variables

Characterization of the study population

The study population was analyzed by gender in terms
of the following parameters: age, reason for referral to
the CRP (myocardial infarction or elective PCl), cardio-
vascular risk factors (hypertension, dyslipidemia, diabetes,
smoking and overweight/obesity), left ventricular systolic
function (assessed qualitatively by transthoracic echocar-
diography, with dysfunction classified as mild, moderate
or severe), N-terminal pro-brain natriuretic peptide (NT-
proBNP), quantified by the central laboratory of our hospital
and expressed in pg/ml, and medication (aspirin, clopido-
grel, statins, beta-blockers, angiotensin-converting enzyme
[ACE] inhibitors and angiotensin receptor blockers [ARBs]).

Parameters of response to cardiac rehabilitation program
The response to the CRP was analyzed according to gen-
der in terms of the effect of the intervention on control
of cardiovascular risk factors?'-?* and on prognostic markers
of CHD (NT-proBNP, exercise capacity and autonomic ner-
vous system [ANS] regulation, the latter two in a subgroup
of 386 patients only).?>=3" This was assessed by comparing
the results of laboratory tests and exercise testing on ini-
tial assessment with those at the end of phase Il (after 3
months).

Cardiovascular risk factors

Determination of metabolic profile included measurement
of total cholesterol (TC), low density lipoprotein cholesterol

(LDL-C), high density lipoprotein cholesterol (HDL-C) and
triglycerides (TG), and body mass index (BMI) was cal-
culated. In diabetic patients, fasting blood glucose and
hemoglobin A1C (HbA1C) were also assessed. Laboratory
tests were performed on blood samples collected after 12
hours’ fasting.

NT-proBNP

NT-proBNP levels were measured.

Functional capacity

Functional capacity was assessed based on metabolic equiv-
alents (METs) obtained during exercise testing.

Autonomic nervous system regulation

The following parameters from exercise testing were ana-
lyzed: resting HR, chronotropic index and HR recovery.

The chronotropic index was calculated using the
following equation: [(peak exercise HR — resting HR)/(220-
age)-resting HR] x 100, expressed as a percentage.

HR recovery was assessed as the difference between peak
exercise HR and HR after one minute of the recovery period,
expressed in beats per minute (bpm).

Statistical analysis

Qualitative variables were presented as percentages and
compared by the chi-square test, and quantitative varia-
bles as means + standard deviation and compared by the
Student’s t test. Values of p<0.05 were considered statisti-
cally significant. The statistical analysis was performed using
Stata® version 12.0.

Results

Characteristics of the study population

The study population consisted of 858 patients, of whom 24%
were women (Table 1). Most patients were referred to the
CRP following a diagnosis of myocardial infarction (69% of
women and 68% of men). Female patients were significantly
older (62+11 years vs. 60+11 years, p=0.01) and presented a
higher prevalence of cardiovascular risk factors, particularly
hypertension (70% vs. 57%, p<0.001), dyslipidemia (83% vs.
72%, p=0.001) and diabetes (37% vs. 28%, p=0.04). There
was a higher percentage of smokers among men (36% vs.
22%, p<0.001). The prevalence of overweight and obesity
was similar in both sexes (68%). Women presented higher
baseline NT-proBNP (1050+1759 pg/ml vs. 660+881 pg/ml,
p<0.001) and more frequently had left ventricular systolic
dysfunction (40% vs. 28%, p=0.01).

As shown in Table 2, virtually all patients were med-
icated with dual antiplatelets, statins, beta-blockers and
ACE inhibitors or ARBs at the start of phase Il. In our study
population, the proportion of women under pharmacological
therapy was similar to men for all drug classes.
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Table 1 Characteristics of the study population.
M (76%, n=651) F (24%, n=207) p
Age (years) 60+11 62+11 0.01
Reason for referral, % (n)
MI 68 (443) 69 (143) 0.85
Elective PCI 32 (208) 31 (64)
CV risk factors, % (n)
Hypertension 57 (371) 70 (145) <0.001
Dyslipidemia 72 (469) 83 (172) 0.001
Diabetes 28 (182) 37 (77) 0.04
Smoking 36 (234) 22 (46) <0.001
Overweight/obesity 68 (443) 68 (141) 0.98
LV systolic dysfunction, % (n) 28 (182) 40 (83) 0.01
NT-proBNP (pg/ml) 660881 1050+1759 <0.001

CV: cardiovascular; F: female; LV: left ventricular; M: male; MI: myocardial infarction; NT-proBNP: N-terminal pro-brain natriuretic

peptide; PCl: percutaneous coronary intervention.

Table 2 Pharmacological therapy according to gender.

M (76%, n=651) F (24%, n=207) p
Aspirin, % (n) 99 (645) 97 (201) 0.85
Clopidogrel, % (n) 93 (605) 93 (193) 0.98
Statins, % (n) 98 (638) 97 (201) 0.76
Beta-blockers, % (n) 91 (592) 90 (186) 0.80
ACEIs/ARBs, % (n) 91 (592) 89 (184) 0.50

ACEls: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; F: female; M: male.

Analysis of the subgroup of 386 patients with exercise
test data in terms of the variables previously studied in the
overall study population showed similar results
(Tables 3 and 4). Changes in dosage of beta-blockers in
this subgroup during phase Il of the program (0-3 months)
were analyzed; no statistically significant differences were

Table 3 Characteristics of the subgroup with exercise test data.

found between the sexes (an increase in 9+7% of women
and in 94+6% of men, and a decrease in 14+0.8% of women
and in 1£0.6% of men, p=0.62). The changes were made
by the attending cardiologist in outpatient consultations.
Beta-blocker therapy was not begun in any patient during
phase Il of the CRP.

M (78%, n=301) F (22%, n=85) p
Age (years) 59+10 60+11 0.42
Reason for referral, % (n)
MI 65 (196) 72 (61) 0.25
Elective PCI 35 (105) 28 (24)
CV risk factors, % (n)
Hypertension 56 (169) 67 (57) 0.06
Dyslipidemia 73 (220) 85 (72) 0.02
Diabetes 25 (75) 32 (27) 0.19
Smoking 34 (102) 26 (22) 0.17
Overweight/obesity 68 (205) 66 (56) 0.65
LV systolic dysfunction, % (n) 29 (87) 37 (32) 0.15
NT-proBNP (pg/ml) 636452 7424102 0.35

CV: cardiovascular; F: female; LV: left ventricular; M: male; MI: myocardial infarction; NT-proBNP: N-terminal pro-brain natriuretic

peptide; PCl: percutaneous coronary intervention.
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Table 4 Pharmacological therapy in the subgroup with exercise test data.

M (78%, n=301) F (22%, n=85) p
Aspirin, % (n) 100 (301) 99 (84) 0.60
Clopidogrel, % (n) 93 (280) 96 (82) 0.30
Statins, % (n) 97 (292) 95 (81) 0.43
Beta-blockers, % (n) 93 (280) 90 (77) 0.50
ACEIs/ARBs, % (n) 90 (271) 86 (73) 0.22

ACEls: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; F: female; M: male.

Response to cardiac rehabilitation program

Cardiovascular risk factors

Analysis of the impact of the CRP on control of cardio-
vascular risk factors reveals that both female and male
patients showed significant improvements in all lipid profile
parameters and in BMI (Table 5), and diabetic patients of
both sexes presented a significant decrease in fasting blood
glucose and HbA1C.

Table 5 Changes in cardiovascular risk factors and NT-
proBNP levels during the program in male and female
patients.

0 months 3 months p

TC (mg/dl)

M 17642 153+34 <0.001

F 18636 167+37 <0.001
LDL-C (mg/dl)

M 109+35 87+28 <0.001

F 114430 95+30 <0.001
HDL-C (mg/dl)

M 38+10 42+11 <0.001

F 45+11 49+12 <0.001
TG (mg/dl)

M 1554100 123160 <0.001

F 144+73 121454 <0.001
BMI (kg/m?)

M 26.7 25.9 <0.001

F 27.5 26.6 0.04
Fasting blood glucose (mg/dl)

M 13149 114+35 <0.001

F 147+63 119+45 <0.001
HbA1C (%)

M 6.7+1.4 6.2+1.0 <0.001

F 7.3£1.7 6.8+1.5 0.03
NT-proBNP (pg/ml)

M 660881 3451526 <0.001

F 1050+1759 466508 <0.001

BMI: body mass index; F: female; HbA1C: hemoglobin A1C;
HDL-C: high density lipoprotein cholesterol; LDL-C: low den-
sity lipoprotein cholesterol; M: male; NT-proBNP: N-terminal
pro-brain natriuretic peptide; TG: triglycerides; TC: total
cholesterol.

Improvements in metabolic parameters were similar for
both sexes, with the exception of a more marked fall in
fasting blood glucose in female patients with diabetes
(Table 6).

NT-proBNP

Both female and male patients showed a significant decrease
in NT-proBNP (from 660+881 pg/ml to 345+526 pg/ml in
men and from 1050+1759 pg/ml to 466 + 508 pg/ml in
women, p<0.001) (Table 5). The degree of improvement
in this marker of ventricular dysfunction was significantly
greater in women (476+739 pg/ml vs. 318+621 pg/ml,
p=0.02) (Table 6).

Functional capacity

There was a significant improvement in functional capacity
following phase Il of the CRP in both men and women (from
9.1+2.2 METs to 10.6+2.1 METs in men and from 7.6+1.7
METs to 8.7+1.8 METs in women, p<0.001) that was similar
for both sexes (Tables 7 and 8).

Autonomic nervous system regulation

Female patients presented a significant improvement in
heart rate recovery (from 2049 bpm to 23+9 bpm, p=0.005),
and resting HR showed a tendency to fall after the CRP
(from 69+13 bpm to 66+10 bpm, p=0.08); there was a non-
significant increase in chronotropic indices (from 65+17% to
68+18%, p=0.40) (Table 7).

Male patients showed a significant improvement in all
parameters: resting HR (from 63+12 bpm to 61+11 bpm,
p=0.03), chronotropic index (from 69+18% to 75+18%,
p<0.001) and HR recovery (from 2349 bpm to 26+12 bpm,
p<0.001) (Table 7).

However, comparison of the degree of change in resting
HR and chronotropic index during the CRP revealed no sig-
nificant differences between the sexes (Table 8).

Discussion

Our study confirmed that women are under-represented in
CRPs, since only 24% of patients in our program were female
despite the fact that the percentage of women with CHD is
higher than this.*
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Table 6 Changes in cardiovascular risk factors and NT-proBNP during the program according to gender.

M F p
A TC (mg/dl) —23+41 —19+40 0.37
A LDL-C (mg/dl) —22+33 —19+£33 0.46
A HDL-C (mg/dl) 449 4+10 0.85
A TG (mg/dl) —32+82 —23+56 0.16
A BMI (kg/m?) —-0.8+1.0 —0.8+1.2 0.49
A Fasting blood glucose (mg/dl) —17+33 —28+52 0.01
A HbA1C (%) —0.5+0.9 —0.5+0.8 0.78
A NT-proBNP (pg/ml) —318 £ 621 —476 +£739 0.02

BMI: body mass index; F: female; HbA1C: hemoglobin A1C; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; M: male; NT-proBNP: N-terminal pro-brain natriuretic peptide; TG: triglycerides; TC: total cholesterol; A: variation.

Table 7 Changes in exercise test parameters during the program in male and female patients.

0 months 3 months p

Functional capacity (METs)

M 9.1+£2.2 10.6 +2.1 <0.001

F 7.6+1.7 8.7+1.8 <0.001
Resting HR (bpm)

M 63+12 61+ 11 0.03

F 69+13 66+ 10 0.08
Chronotropic index (%)

M 69+18 75+18 <0.001

F 65+17 68 +18 0.40
HR recovery (bpm)

M 23+9 26+12 <0.001

F 20+9 23+9 0.005

bpm: beats per minute; F: female; HR: heart rate; M: male; METs: metabolic equivalents.

In our study, women with CHD were significantly older
and presented more cardiovascular risk factors than men,
in agreement with current evidence.'®3334 In addition, they
presented more severe CHD, as reflected in the greater pro-
portion of female patients with left ventricular dysfunction,
higher NT-proBNP levels and lower baseline function capac-
ity, also as described in the literature.’** Women attending
CRPs thus have a higher cardiac risk from the outset.

With regard to pharmacological therapy, we found
no differences between the sexes for the various drug
classes prescribed, unlike in some previously published
studies.*”’

As regards the impact of the CRP on cardiovascular risk
factors, there was an improvement in all metabolic parame-
ters in both women and men. Furthermore, the reduction in
fasting blood glucose was more marked in female patients
with diabetes, and there was a significant and more marked
reduction in the prognostic marker NT-proBNP in women.
This may be due to the fact that women present worse blood
glucose control and left ventricular function at the start of
the CRP, and are thus likely to derive greater benefit from
the intervention.

Functional capacity and ANS regulation were analyzed in
a subgroup of 386 patients, who had similar characteristics

Table 8 Changes in exercise test parameters during the program according to gender.

M F p
A Exercise capacity (METs) 1.5+1.2 1.2+1.1 0.08
A Resting HR (bpm) —-2+10 —3+10 0.33
A Chronotropic index (%) 5+13 3+13 0.17
A Heart rate recovery (bpm) 4+ 11 3+9 0.82

bpm: beats per minute; F: female; HR: heart rate; M: male; METs: metabolic equivalents; A: variation.



The benefits of cardiac rehabilitation in coronary heart disease

85

to those of the overall study population. The same dif-
ferences were observed in both sexes, although without
statistical significance for most parameters, due to the
smaller sample size.

With regard to the impact of the CRP on ANS regulation,
although a high percentage of patients in our sample were
taking beta-blockers, it should be remembered that the lit-
erature has consistently confirmed that the prognostic value
of the chronotropic parameters assessed is independent
of these drugs.>%*>-% In order to compare HR parameters
between the sexes at different times during the program,
it was necessary to analyze the distribution of beta-blocker
use in the two groups, as well as changes over time. In our
sample, the percentages of men and women medicated with
beta-blockers prior to phase Il of the CRP did not differ sig-
nificantly, nor did changes in dosage of the drug. We can
thus state that use of beta-blockers was not a confounding
variable.

We found that women improved significantly in func-
tional capacity and HR recovery. Although they also showed
improvement by the end of the program in the other markers
of autonomic function (resting HR and chronotropic index),
this was not statistically significant, unlike in men. This may
be due to the small number of women in the study popu-
lation, the sample not being sufficiently large for results to
have statistical significance. Another possible explanation
is the higher proportion of diabetic patients in the female
group, in whom ANS regulation may have been affected.
Nevertheless, no significant differences were found between
the two sexes on analysis of improvements in resting HR and
chronotropic index.

This study demonstrates that even though women derive
considerable benefit from CRPs, they are under-represented
in such programs, which leads us to conclude that they are
not receiving appropriate treatment.

There appear to be various reasons for this discrepancy.
The traditional view that CHD is a disease of men may con-
tribute to physicians adopting a less aggressive approach
to women with CHD. This is also reflected in the fact that
women are less aware of the disease®® and are less often
treated than men.*"° There thus appears to be a tendency
on the part of attending physicians to refer female patients
less to CRPs."”

The fact that women tend to present CHD at older
ages and thus with more comorbidities may also explain
their lower attendance on such programs. Older women
are known to have a higher prevalence of arthritis,
osteoporosis and urinary incontinence.>*3%4° In addition,
during evaluation for CRPs, women present lower self-
esteem and are more frequently diagnosed with depression,
which may mean they are less motivated to attend such
programs.3+3°

There may be sociocultural reasons for the differences
observed between the sexes. Women are generally more
involved in domestic tasks, which could mean they have
less time available to attend a CRP**#'; the fact that they
also tend to exercise less on a regular basis may also be a
contributing factor.*

The main limitations of the study are its retrospec-
tive design and the lack of a control group of patients
not attending a CRP with whom to compare the varia-
bles assessed. Another limitation was the small size of the

patient subgroup used to analyze functional capacity and
ANS regulation, which could explain the lack of statistical
significance found in some of these parameters in women.
It would also have been useful to include data on coronary
anatomy from cardiac catheterization in the characteristics
of the study population, since this could have influenced
the parameters assessed. It would also have been interest-
ing to prolong follow-up after the end of phase Il of the
program, so as to assess whether the impact on cardiovas-
cular risk factors and prognostic markers is maintained over
time.

Conclusions

Only 24% of the patients attending our CRP were women.
They were older than the men and presented more cardio-
vascular risk factors and probably more severe CHD. Women
unquestionably benefited from the CRP, showing significant
improvements in control of cardiovascular risk factors and
in most of the prognostic markers studied.

It is essential that physicians, patients and society at
large recognize the under-representation of women in CRPs,
so that appropriate measures can be taken to increase their
access to this intervention and thus enjoy its proven bene-
fits.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data and that all the patients included in the
study received sufficient information and gave their written
informed consent to participate in the study.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. World Health Organization Statistical Information System; 2004.
Available from http://www.who.int/whosis/

2. Mosca L, Benjamin E, Berra K, et al. Effectiveness-based guide-
lines for the prevention of cardiovascular disease in women -
2011 update. A guideline from the American Heart Association.
Circulation. 2011;123:1243-62.

3. Stramba-Badiale M, Fox KM, Prior SG, et al. Cardiovascular
diseases in women: a statement from the policy conference
of the European Society of Cardiology. Eur Heart J. 2006;27:
994-1005.

4. Williams D, Bennett K, Feely J. Evidence for an age and gender
bias in the secondary prevention of ischaemic heart disease in
primary care. Br J Clin Pharmacol. 2003;55:604-8.

5. Di Cecco R, Patel U, Upshur RE. Is there a clinically signifi-
cant gender bias in post-myocardial infarction pharmacological


http://www.who.int/whosis/

86

D. Anjo et al.

6.

7.

8.

9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

management in the older (>60) population of a primary care
practice? BMC Fam Pract. 2002;3:3-8.

Chandra NC, Ziegelstein RC, Rogers WJ, et al. Observations of
the treatment of women in the United States with myocardial
infarction: a report from the National Registry of Myocardial
Infarction-I. Arch Intern Med. 1998;158:981-8.

Corbelli JA, Corbelli JC, Bullano MF, et al. Gender bias
in lipid assessment and treatment following percuta-
neous coronary intervention. J Gender Specif Med. 2003;6:
21-6.

Schulman KA, Berlin JA, Harless W, et al. The effect of race
and sex on physicians’ recommendations for cardiac catheter-
ization. N Engl J Med. 1999;340:618-26.

Ghali WA, Faris PD, Galbraith PD, et al. Alberta Provin-
cial Project for Outcome Assessment in Coronary Heart
Disease (APPROACH) Investigators. Sex differences in access
to coronary revascularization after cardiac catheterization:
importance of detailed clinical data. Ann Intern Med. 2002;136:
723-32.

Alter DA, Oh PI, Chong A. Relationship between cardiac reha-
bilitation and survival after acute cardiac hospitalization within
a universal health care system. Eur J Cardiovasc Prev Rehabil.
2009;16:102-13.

Goel K, Lennon RJ, Tilbury RT, et al. Impact of cardiac
rehabilitation on mortality and cardiovascular events after per-
cutaneous coronary intervention in the community. Circulation.
2011;123:2344-52.

Hammill BG, Curtis LH, Schulman KA, et al. Relationship
between cardiac rehabilitation and long-term risks of death
and myocardial infarction among elderly Medicare beneficiar-
ies. Circulation. 2010;121:63-70.

Beauchamp A, Worcester M, Ng A, et al. Attendance at
cardiac rehabilitation is associated with lower all-cause
mortality after 14 vyears of follow-up. Heart. 2013;99:
620-5.

Mendes M. Reabilitacdo cardiaca em Portugal: a intervencédo que
falta! Saude. Tecnologia. 2009;3:5-9.

Witt BJ, Jacobsen SJ, Weston SA, et al. Cardiac rehabilitation
after myocardial infarction in the community. J Am Coll Cardiol.
2004;44:988-96.

Thomas R, Miller N, Lamendola C, et al. National survey on
gender differences in cardiac rehabilitation programs: patient
characteristics and enrollment patterns. J Cardiopulm Rehabil.
1996;16:402-12.

Ades PA, Waldmann ML, Polk DM, et al. Referral pat-
terns and exercise response in the rehabilitation of female
coronary patients aged >62 years. Am J Cardiol. 1992;69:
1422-5.

Evenson KR, Rosamond WD, Luepker RV. Predictors of outpatient
cardiac rehabilitation utilization: the Minnesota Heart Surgery
Registry. J Cardiopulm Rehabil. 1998;18:192-8.

Guidelines for Cardiac Rehabilitation and Secondary Preven-
tion Programs. American Association of Cardiovascular and
Pulmonary Rehabilitation. 4th ed. Champaign: Human Kinetics;
2004.

Borg GA. Psychophysical bases of perceived exertion. Med Sci
Sports Exerc. 1982;14:377-81.

Magalhaes S, Viamonte S, Ribeiro M, et al. Efeitos a longo
prazo de um programa de reabilitacdo cardiaca no controlo dos
fatores de risco cardiovasculares. Rev Port Cardiol. 2013;32:
191-9.

Baessler A, Hengstenberg C, Holmer S, et al. Long-term effects
of in-hospital cardiac rehabilitation on the cardiac risk pro-
file. A case-control study in pairs of siblings with myocardial
infarction. Eur Heart J. 2001;22:1111-8.

Lavie CJ, Milani RV. Effects of cardiac rehabilitation and exer-
cise training in obese patients with coronary artery disease.
Chest. 1996;109:52-6.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Soja AM, Zwisler AD, Frederiksen M, et al. Use of inten-
sified comprehensive cardiac rehabilitation to improve risk
factor control in patients with type 2 diabetes mellitus
or impaired glucose tolerance-the randomized DANish StUdy
of impaired glucose metabolism in the settings of car-
diac rehabilitation (DANSUK) study. Am Heart J. 2007;153:
621-8.

Kragelund C, Grenning B, Keber L, et al. N-terminal pro-B-type
natriuretic peptide and long-term mortality in stable coronary
heart disease. N Engl J Med. 2005;352:666-75.

Gulati M, Pandey DK, Arnsdorf MF, et al. Exercise capacity and
the risk of death in women: the St James Women Take Heart
Project. Circulation. 2003;108:1554-9.

Kokkinos P, Myers J, Kokkinos JP, et al. Exercise capac-
ity and mortality in black and white men. Circulation.
2008;177:614-22.

Hjalmarson A. Heart rate: an independent risk factor in car-
diovascular disease. Eur Heart J Suppl. 2007;9 Suppl. F:
F3-7.

Hai JJ, Siu CH, Ho HH, et al. Relationship between
changes in heart rate recovery after cardiac rehabilitation on
cardiovascular mortality in patients with myocardial infarction.
Heart Rhythm. 2010;7:929-36.

Myers J, Tan SY, Abella J, et al. Comparison of the chronotropic
response to exercise and heart rate recovery in predict-
ing cardiovascular mortality. Eur J Cardiovasc Prev Rehabil.
2007;14:215-21.

. Maddox T, Ross C, Ho P, et al. The prognostic importance

of abnormal heart rate recovery and chronotropic response
among exercise treadmill test patients. Am Heart J. 2008;156:
736-44.

Santos J, Aguiar C, Gavina C, et al. Registo nacional de sin-
dromes coronarias agudas: sete anos de actividade em Portugal.
Rev Port Cardiol. 2009;28:1465-504.

Hamm CW, Bassand JP, Agewall S, et al. ESC Guidelines for
the management of acute coronary syndromes in patients pre-
senting without persistent ST-segment elevation: The Task Force
for the management of acute coronary syndromes (ACS) in
patients presenting without persistent ST-segment elevation
of the European Society Cardiology (ESC). Eur Heart J. 2011:
322999-3054.

Piepoli MF, Corra U, Benzer W, et al. Cardiac Rehabilita-
tion Section of the European Association of Cardiovascular
Prevention and Rehabilitation. Secondary prevention through
cardiac rehabilitation: from knowledge to implementation.
A position paper from the Cardiac Rehabilitation Section
of the European Association of Cardiovascular Prevention
and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010;17:
1-17.

Khan MN, Pothier CE, Lauer MS. Chronotropic incompetence as
a predictor of death among patients with normal electrograms
taking beta blockers (metoprolol or atenolol). Am J Cardiol.
2005;96:1328-33.

Shetler K, Marcus R, Froelicher VF, et al. Heart rate recov-
ery: validation and methodologic issues. J Am Coll Cardiol.
2001;38:1980-7.

Vivekananthan DP, Blackstone EH, Pothier CE, et al. Heart rate
recovery after exercise is a predictor of mortality, indepen-
dent of the angiographic severity of coronary disease. J Am Coll
Cardiol. 2003;42:831-8.

Mosca L, Ferris A, Fabunmi R, et al. Tracking women’ awareness
of heart disease: an American Heart Association national study.
Circulation. 2004;109:573-9.

Bjarnason-Wehrens B, Grande G, Loewel H, et al. Gender-

specific issues in cardiac rehabilitation: do women
with ischaemic heart disease need specially tailored
programmes? Eur J Cardiovasc Prev Rehabil. 2007;14:

163-71.



The benefits of cardiac rehabilitation in coronary heart disease 87

40. Marzolini S, Brooks D, Oh PI. Sex differences in completion of cardiovascular medicine. second edition New York: Oxford
of a 12-month cardiac rehabilitation programme: an analy- University Press Inc.; 2013. p. 919-53.
sis of 5922 women and men. Eur J Cardiovasc Prev Rehabil. 42. Fontes J. Reabilitacdo cardiaca em grupos especiais. Idosos e
2008;15:698-703. sexo feminino. In: Abreu A, Aguiar C, Mendes M, Santa-Clara
41. Gielen S, Mezzani A, Hambrecht R, et al. Cardiac rehabilitation. H, editors. Manual de Reabilitacdo Cardiaca Lisboa: Sociedade

In: Camm AJ, Luscher TF, Serruys PW, editors. The ESC textbook Portuguesa Cardiologia; 2013. p. 267-70.



	The benefits of cardiac rehabilitation in coronary heart disease: A gender issue?
	Introduction
	Methods
	Study design
	Cardiac rehabilitation program
	Study variables
	Characterization of the study population
	Parameters of response to cardiac rehabilitation program

	Cardiovascular risk factors
	NT-proBNP
	Functional capacity
	Autonomic nervous system regulation
	Statistical analysis

	Results
	Characteristics of the study population
	Response to cardiac rehabilitation program
	Cardiovascular risk factors

	NT-proBNP
	Functional capacity
	Autonomic nervous system regulation

	Discussion
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	References


