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Although cardiovascular disease (CVD) mortality has 
declined progressively over the past three decades, 

CVD remains the leading cause of morbidity and mortal-
ity globally among both adult men and women. Accord-
ing to the World Health Organization, >17 million people 
die each year from CVD, which accounts for an estimat-
ed 31% of all deaths worldwide.1 In addition to its effect 

on morbidity and mortality, CVD has a major impact on 
health care costs, disability, and reduction in quality of life.2 
Therefore, additional strategies are needed to reduce the so-
cietal and economic burden of CVD.

Physical inactivity has been associated with CVD and all-
cause mortality in both healthy and unhealthy middle-aged 
and older individuals. It is considered the fourth-leading risk 
factor for global health, and it is estimated that physical in-
activity is independently responsible for 8% of deaths that 
occur globally.3,4 Conversely, regular exercise is associated 
with a number of health benefits.5-7 Considerable evidence 
supports the protective and therapeutic effects of regular 
exercise, including improvement in insulin sensitivity, blood 
glucose control, lipid profile, resting blood pressure, atten-
uation of autonomic nervous system sympathetic activity, 
and upregulation of antioxidant defense mechanisms.8 
Medically supervised exercise programs (MSEPs) have been 
shown to be effective in reducing recurrent cardiac events 
while improving survival, functional status, and psychoso-
cial well-being. Moreover, its safety and effectiveness have 
been well established, and MSEPs have been equally rec-
ommended for men and women for primary and secondary 
CVD prevention in several clinical practice guidelines.9-12

However, sex inequalities have been reported in terms of 
the pathophysiology of CVD, the burden of risk factors, the 
access to and impact of specific cardiovascular therapies, and 
it is also known that women are less likely to adhere to struc-
tured exercise programs when they have access to them.13-16 
Most clinical outcome improvements after participation in 
an exercise-based rehabilitation program, including mod-
ification in cardiac risk factors, functional exercise testing 
parameters, and quality of life, appear to be similar among 
men and women.17,18 However, there remains a lack of stud-
ies addressing sex differences in terms of the so-called hard 
outcomes of morbidity and mortality among those who have 
attended structured exercise programs.19 Therefore, given the 
lower CVD mortality in women, we hypothesized that among 
patients, attending a MSEP, women would also demonstrate 
better survival.

METHODS
Prospectively collected data from an open cohort of men 
and women who were evaluated at a privately owned exer-
cise clinic (Exercise Medicine Clinic—CLINIMEX—Rio de 
Janeiro) and enrolled in a MSEP between March 1994 and 
November 2018 were retrospectively analyzed. Individuals 
were referred to the MSEP by their attending physicians or 
self-enrolled in the program mainly due to diagnosed cor-
onary artery disease (CAD), but the sample also included 
participants at high risk for developing and/or presenting 
CVD and with other clinical conditions such as cancer, 
metabolic and neurodegenerative diseases.
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Purpose: Medically supervised exercise programs (MSEPs) are 
equally recommended for men and women with cardiovascular 
disease (CVD). Aware of the lower CVD mortality in women, 
we hypothesized that among patients attending a MSEP, women 
would also have better survival.
Methods: Data from men and women, who were enrolled in a 
MSEP between 1994 and 2018, were retrospectively analyzed. 
Sessions included aerobic, resistance, flexibility and balance ex-
ercises, and cardiopulmonary exercise test was performed. Date 
and underlying cause of death were obtained. Kaplan-Meier 
methods and Cox proportional hazards regression were used 
for survival analysis.
Results: A total of 2236 participants (66% men, age range 33-
85 yr) attended a median of 52 (18, 172) exercise sessions, and 
23% died during 11 (6, 16) yr of follow-up. In both sexes, CVD 
was the leading cause of death (39%). Overall, women had a 
more favorable clinical profile and a longer survival compared 
to men (HR = 0.71: 95% CI, 0.58-0.85; P < .01). When con-
sidering those with coronary artery disease and similar clinical 
profile, although women had a lower percentage of sex- and 
age-predicted maximal oxygen uptake at baseline than men (58 
vs 78%; P < .01), after adjusting for age, women still had a bet-
ter long-term survival (HR = 0.68: 95% CI, 0.49-0.93; P = .02).
Conclusion: Survival after attendance to a long-term MSEP 
was better among women, despite lower baseline cardiorespi-
ratory fitness. Future studies should address whether men and 
women would similarly benefit when participating in an MSEP.

Key Words:  cardiac  rehabilitation  •  exercise  •  mortality  • 
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Before entering the MSEP, all individuals underwent 
a pre-participation comprehensive assessment, which 
included exercise habits, a clinical history and physical ex-
amination, as well as several anthropometric measurements, 
a battery of musculoskeletal (MUSK) fitness tests (including 
a sitting-rising test20 and Flexitest21) for evaluation of mus-
cle strength/power, flexibility, and balance, resting 12-lead 
electrocardiogram, lung spirometry, and assessment of car-
diac vagal tone by the 4-sec exercise test.22

As part of the pre-participation evaluation and to develop 
an aerobic prescription, a maximal cardiopulmonary exercise 
test (CPX) was performed on a CG-04 leg cycle ergometer 
(Inbramed) using individualized ramp protocols23 in a tem-
perature humidity controlled room equipped for providing 
medical emergency support if needed. All CPX were conduct-
ed by four specialized physicians with extensive experience in 
exercise medicine, following a well-defined routine, partic-
ularly regarding the verbal stimulus to achieve a true max-
imal exertion. The CPX was considered maximal based on 
a combination of physician subjective assessment and other 
objective variables, such as surpassing the ventilatory thresh-
old, existence of a clear U-pattern of ventilatory equivalents, 
and a score of 10 on the 0-10 Borg perceived exertion scale.

During CPX, individuals were continuously monitored 
using a digital ErgoPC Elite electrocardiogram (Micromed), 
and measurements of heart rate (HR) were obtained from 
the electrocardiographic tracing in the CC5 or CM5 leads 
before, during, and for ≥5 min after the end of CPX. Indi-
viduals used a nose clip and breathed through a mouthpiece 
to collect expired gas. Determination of airflow and O2 and 
CO2 expired fractions were carried out using a V· O2000 met-
abolic analyzer (Medical Graphics) that was regularly cali-
brated using known syringe volumes and two different gas 
concentrations. Expired gases were read every 10 sec and av-
eraged every 60 sec. The highest oxygen uptake (V· o2) value 
obtained at a given minute was considered the maximal V· o2 
(V· o2max). For comparison purposes, sex- and age-predicted 
V· o2max (pV· o2max) related to body weight in cycling CPX was 
determined using the following equations: men = 60 – 0.55 
× age (yr); women = 48 – 0.37 × age (yr).24

EXERCISE SESSIONS
The participants were free to attend the exercise sessions any-
time from 6:00 to 21:30 (weekdays) and from 7:00 to 16:00 
(Saturdays). Before each exercise session, the participant was 
briefly assessed by a physician who remained continuously 
present in the exercise room during the MSEP. Aerobic exer-
cise was individually prescribed by the physician, prioritizing 
moderate- to high-intensity exercise, regardless of the under-
lying clinical condition, based on the CPX and pre-participa-
tion evaluation/previous session data. Using this approach, 
individual exercise prescription was optimized regularly by 
adjusting the intensity and volume.

A typical exercise session lasted lasted 60-75 min and in-
cluded aerobic exercises such as treadmill, arm/leg cycling, 
rowing, and skiing ergometers (continuous and interval 
training regimens). In an effort to improve nonaerobic or 
MUSK fitness, individually prescribed resistance, flexibility, 
and balance exercises were regularly performed. Additional-
ly, according to clinical conditions and individual objectives, 
isometric handgrip, inspiratory muscular training, and gross 
and fine motor coordination exercises were conducted. All 
exercise sessions were carried out under direct supervision of 
a multiprofessional team. Most of the participants performed 
a 3-d/wk regimen but some attended up to 6 d/wk.

DATA COLLECTION
Data were reviewed for clinical conditions, regular medica-
tions, basic anthropometry (height, weight, and body mass 

index), resting HR/blood pressure, and directly measured 
V· o2max relative to body weight (rV· o2max), obtained from 
CPX, as well as the percent of sex- and age-predicted V· o2max 
(%pV· o2max).

MORTALITY OUTCOMES
Date of death and underlying cause of death were obtained 
from official death records from the State of Rio de Janeiro 
from March 1, 1994, to November 30, 2018. Complemen-
tary data checking was obtained from medical records, web 
searching, and direct information provided by attending 
physicians, relatives, and friends of participants. Underlying 
cause of death when available was categorized according to 
the 10th revision of the International Statistical Classifica-
tion of Diseases and Related Health Problems (ICD-10).

STATISTICAL ANALYSIS
Descriptive statistics for continuous variables were present-
ed as median and interquartile range. Frequency distribu-
tion was used for nominal variables. Differences between 
men and women or between participants according to vital 
status were analyzed with the Wilcoxon rank sum test for 
continuous variables, and with the χ2 test for categorical 
variables.

Probabilities of survival rates were estimated with the 
Kaplan-Meier survival method. Baseline date was consid-
ered the date of pre-participation assessment before enter-
ing the MSEP, and for the endpoint death, participants were 
censored as dead or alive on November 30, 2018. Survival 
models were estimated with Cox proportional hazards re-
gression to compare risks between sex; 95% CIs were cal-
culated to express the degree of uncertainty. The Stata14 
software package (Stata) was used for all analyses. Statisti-
cal significance was set at 5% probability.

RESULTS
Data from 2236 participants (66% men; 33-85 yr) were 
analyzed. Participant survival status was followed up for 
11 (6, 16) yr (minimum of 16 d). There was no specific time 
limit for MSEP attendance; participants attended 52 (18, 
172) exercise sessions and >700 of the subjects completed 
>100 sessions. Overall, 60% of the participants attended 
≥36 sessions, with no differences between men and women 
(61 vs 57%, respectively; P = .05).

As shown in Table 1, although men and women had simi-
lar age, men had a more unfavorable clinical profile as com-
pared with women, including a higher prevalence of CAD. 
Nevertheless, when considering only participants who had 
already been diagnosed with CAD before entering the MSEP, 
men and women had similar risk factors, including history 
of myocardial infarction and use of prescribed medications, 
with the exception of angiotensin-converting enzyme inhibi-
tors and psychoactive drugs. Women with CAD were slight-
ly older and had undergone coronary artery bypass graft-
ing less frequently than men. Regardless of the presence of 
CAD, women achieved a lower %pV· o2max than men.

During the 24-yr follow-up, 525 participants (23%) 
died. Table 2 depicts the main characteristics of participants 
in the MSEP according to sex and vital status at the end of 
follow-up. As expected, both men and women who died 
were older and had a worse clinical profile when starting 
the MSEP. Women who died were less frequently diagnosed 
with CAD or diabetes before enrollment compared with 
men and had less frequently undergone an invasive coro-
nary therapeutic strategy. Once again, regardless of the vi-
tal status at the end of censoring, women achieved a lower 
%pV· o2max as compared with men.
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Table 1

Demographics and Maximal Cardiopulmonary Exercise Test Results of Participants Who Were Enrolled in a Medically  
Supervised Exercise Program in a Brazilian Private Clinic From March 1994 to November 2018 According to Sex and  
Presence of Coronary Artery Disease

All Participants Participants With CAD

Total Men Women P Total Men Women
Variablesa n = 2236 n = 1484 n = 752 Valueb n = 1086 n = 898 n = 188 P Valueb

Age, yr 63 (54, 71) 63 (55, 71) 63 (54, 72) .92 64 (56, 72) 64 (56, 72) 68 (59, 76) .001

Weight, kg 77 (67, 88) 82 (73, 91) 67 (60, 77) <.001 77 (69, 87) 80 (72, 88) 66 (60, 73) <.001

Height, cm 169 (162, 175) 172 (168, 177) 159 (155, 164) <.001 170 (164, 176) 172 (167, 176) 157 (153, 162) <.001

BMI, kg·m−2 27 (25, 30) 27 (25, 30) 27 (24, 30) .001 27 (25, 30) 27 (25, 30) 26 (24, 29) .05

Comorbidities

 CAD

 Acute MI

 Hypertension

 Dyslipidemia

 Obesity

 Diabetes

49

26

50

51

27

18

61

32

53

55

27

21

25

14

44

43

26

12

<.001

<.001

<.001

<.001

.52

<.001

…

52

55

65

23

23

…

52

56

65

24

24

…

54

52

64

19

19

…

.71

.32

.82

.18

.12

Medications

 β-blockers

 CaBlock

 ACEInh

 ARB

 Diuretics

 Vasodilators

 Lipidlow

 Antiplat

 Antiarrhyth

 Psycho

46

20

18

25

24

20

54

56

13

41

52

21

22

27

23

24

61

67

14

39

34

18

11

23

25

13

39

35

11

41

<.001

.11

<.001

.05

.52

<.001

<.001

<.001

.13

.01

66

25

22

30

25

35

79

91

15

44

67

25

23

29

24

34

79

91

15

42

64

29

15

32

31

36

78

90

16

54

.45

.18

.02

.40

.06

.59

.84

.82

.86

.003

Intervention

  PCI

  CABG

28

17

35

22

15

7

<.001

<.001

56

35

56

36

59

28

.53

.03

Resting

  HR, bpm

 SBP, mm Hg

 DBP, mm Hg

65 (58, 74)

132 (120, 144)

76 (70, 83)

64 (57, 73)

133 (121, 145)

76 (70, 84)

67 (61, 75)

130 (118, 144)

76 (70, 82)

<.001

<.001

.07

63 (56, 71)

132 (119, 144)

74 (68, 80)

63 (56, 71)

132 (120, 144)

74 (68, 82)

62 (57, 70)

131 (118, 142)

72 (67, 78)

.68

.36

.003

Maximal CPX

 rV·o2max

 pV·o2max

 %p V·o2max

18 (14, 23)

25 (21, 29)

73 (58, 88)

20 (15, 25)

25 (21, 30)

78 (64, 95)

16 (12, 19)

25 (22, 28)

62 (51, 75)

<.001

.03

<.001

18 (14, 23)

25 (20, 29)

74 (59, 91)

19 (15, 24)

25 (21, 29)

78 (63, 94)

13 (11, 17)

23 (20, 27)

58 (47, 70)

<.001

.002

<.001

Sessions, n 52 (18, 172) 55 (19, 182) 46 (16, 151) .01 66 (23, 245) 68 (23, 255) 60 (25, 213) .46

≥36 sessions 60 61 57 .05 66 66 65 .92

Follow-up, d 3914 (2209, 5755) 3724 (2063, 5531) 4254 (2417, 6136) <.001 3341 (1809, 5231) 3362 (1819, 5253) 3211 (1784, 5164) .69

Abbreviations: ACEInh, angiotensin-converting enzyme inhibitors; Antiarrhyth, antiarrhythmic drugs; Antiplat, antiplatelet drugs; ARB, angiotensin II receptor blockers; BMI, body mass index; 
CABG, coronary artery bypass grafting; CaBlock, calcium channel blockers; CAD, coronary artery disease; CPX, cardiopulmonary exercise test; DBP, diastolic blood pressure; HR, heart rate; 
Lipidlow, lipid-lowering agents; MI, myocardial infarction; PCI, percutaneous coronary intervention; Psycho, psychoactive drugs; pV

·
o2max, age-predicted maximal oxygen uptake; %pV

·
o2max, 

percentage of age, and sex, predicted maximal oxygen uptake achieved; rV
·
o2max, maximal oxygen uptake relative to body weight (mL/kg⋅min); SBP, systolic blood pressure.

aData expressed as % or median (IQR).
bBetween men and women.
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Table 2

Demographics and Maximal Cardiopulmonary Exercise Test Results of Participants Who Were Enrolled in a Medically 
Supervised Exercise Program in a Brazilian Private Clinic From March 1994 to November 2018 According to Sex and Vital 
Status at the End of the Follow-up Period

Total

Dead Alive

Total Men Women P Total Men Women P P
Variablesa n = 2236 n = 525 n = 375 n = 150 Valueb n = 1711 n = 1109 n = 602 Valueb Valuec

Age, yr 63 (54, 71) 71 (63, 77) 71 (63, 77) 73 (64, 79) .09 60 (53, 68) 60 (53, 68) 60 (52, 69) .96 <.001

Male 66 71 … … … 65 … … … .005

Weight, kg 77 (67, 88) 76 (65, 87) 80 (69, 89) 65 (58, 77) <.001 77 (68, 88) 82 (73, 92) 68 (60, 76) <.001 .02

Height, cm 169 (162, 175) 168 (161, 174) 171 (167, 176) 157 (153, 163) <.001 169 (162, 175) 173 (168, 177) 160 (155, 164) <.001 .35

BMI, kg·m−2 27 (25, 30) 27 (24, 30) 27 (24, 30) 26 (24, 29) .25 27 (25, 30) 27 (25, 30) 27 (24, 30) .001 .03

Comorbidities

 CAD

 Acute MI

 Hypertension

 Dyslipidemia

 Obesity

 Diabetes

49

26

50

51

27

18

56

34

55

49

25

24

65

39

56

52

26

29

31

22

52

43

23

13

<.001

<.001

.41

.07

.53

<.001

47

24

48

52

27

16

60

30

52

56

27

19

24

12

42

43

26

12

<.001

<.001

<.001

<.001

.66

<.001

.001

<.001

.015

.32

.43

<.001

Medications

 β-blockers

 CaBlock

 ACEInh

 ARB

 Diuretics

 Vasodilators

 Lipidlow

 Antiplat

 Antiarrhyth

 Psycho

46

20

18

25

24

20

54

56

13

41

42

26

24

23

34

34

49

60

20

45

45

26

29

23

35

39

55

66

23

43

35

26

11

23

29

22

34

42

12

50

.05

.95

<.001

.96

.19

<.001

<.001

<.001

.009

.20

47

19

16

26

21

16

55

55

10

40

54

20

19

28

19

19

63

67

10

38

34

16

11

23

24

11

40

34

10

44

<.001

.10

<.001

.02

.05

<.001

<.001

<.001

.76

.02

.05

<.001

<.001

.19

<.001

<.001

.02

.10

<.001

.04

Intervention

  PCI

  CABG

28

17

28

24

32

30

18

11

.002

<.001

28

15

35

20

14

6

<.001

<.001

.99

<.001

Resting

 HR, bpm

 SBP, mm Hg

 DBP, mm Hg

65 (58, 74)

132 (120, 144)

76 (70, 83)

68 (60, 76)

136 (123, 150)

76 (70, 82)

68 (60, 77)

137 (123, 150)

76 (70, 82)

67 (61, 75)

136 (122, 148)

75 (69, 82)

.99

.57

.49

65 (58, 73)

130 (120, 142)

76 (70, 83)

64 (56, 71)

132 (120, 142)

76 (70, 84)

68 (61, 75)

128 (117, 142)

76 (70, 82)

<.001

.0006

.08

<.001

<.001

.70

Maximal CPX

 rV·o2max

 pV·o2max

 %pV·o2max

18 (14, 23)

25 (21, 29)

73 (58, 88)

14 (11, 18)

21 (18, 25)

66 (51, 83)

15 (12, 19)

22 (18, 26)

71 (56, 87)

12 (9, 16)

21 (19, 25)

54 (41, 69)

<.001

.45

<.001

19 (15, 24)

26 (23, 30)

74 (60, 90)

21 (17, 26)

27 (23, 31)

81 (67, 97)

16 (13, 20)

26 (22, 29)

64 (53, 77)

<.001

.0002

<.001

< .001

<.001

<.001

Sessions, n 52 (18, 172) 55 (19, 178) 64 (19, 210) 46 (19, 163) .30 50 (18, 171) 53 (20, 182) 46 (16, 150) .02 .40

≥36 sessions 60 60 62 57 .30 60 61 57 .10 .81

Follow-up, d 3914 
(2209, 5755)

2754 
(1435, 4120)

2673 
(1294, 4055)

2982 
(1527, 4191)

.18 4490 
2590, 6077)

4340 
(2459, 5896)

4797 
(2716, 6402)

.0007 <.001

Abbreviations: ACEInh, Angiotensin-converting enzyme inhibitors; Antiarrhyth, antiarrhythmic drugs; Antiplat, antiplatelet drugs; ARB, angiotensin II receptor blockers; BMI, body mass index; 
CABG, coronary artery bypass grafting; CaBlock, calcium channel blockers; CAD, coronary artery disease; CPX, cardiopulmonary exercise test; DBP, diastolic blood pressure; HR, heart rate; 
Lipidlow, lipid-lowering agents; MI, myocardial infarction; PCI, percutaneous coronary intervention; Psycho, psychoactive drugs; pV

·
o2max, age-predicted maximal oxygen uptake; %pV

·
o2max, 

percentage of age- and sex-predicted maximal oxygen uptake achieved; rV
·
o2max, maximal oxygen uptake relative to body weight (mL/kg·min); SBP, systolic blood pressure

aData expressed as % or median (IQR).
bBetween men and women.
cBetween dead and alive.
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Table 3

Survival Probability and 95% CI of Participants Who Were Enrolled in a Medically Supervised Exercise Program in a  
Brazilian Private Clinic From March 1994 to November 2018 According to Sex and Presence of Coronary Artery Disease

Follow-up

Total (n = 2236)

All Participants Participants With CAD

Men (n = 1484) Women (n = 752) Men (n = 898) Women (n = 188)

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

1 yr 98.4 (97.8-98.9) 98.0 (97.1-98.6) 99.2 (98.2-99.6) 98.1 (97.0-98.8) 98.4 (95.1-99.5)

5 yr 91.5 (90.2-92.6) 90.7 (89.0-92.1) 92.9 (90.8-94.6) 90.1 (87.9-92.0) 88.8 (83.0-92.7)

10 yr 81.2 (79.4-82.9) 79.3 (76.9-81.5) 85.0 (81.9-87.5) 75.9 (72.6-79.0) 77.9 (69.9-84.0)

15 yr 72.1 (69.7-74.3) 69.3 (66.3-72.0) 77.3 (73.6-80.7) 64.8 (60.6-68.6) 65.2 (55.4-73.4)

20 yr 65.1 (62.1-68.0) 62.2 (58.2-65.9) 70.7 (65.9-74.9) 56.3 (50.6-61.7) 62.9 (52.3-71.8)

24 yr 56.0 (50.2-61.4) 50.2 (41.9-58.0) 64.9 (56.4-72.1) 49.4 (42.0-56.3) 50.3 (25.9-70.5)

Abbreviation: CAD, coronary artery disease.

Figure 1. Kaplan-Meier survival probabilities according to sex of (a) all participants (P < .001) and (b) participants with coronary artery disease (CAD) 
(P = .53) who were enrolled in a medically supervised exercise program in a Brazilian private clinic from March 1994 to November 2018. This figure 
is available in color online (www.jcrpjournal.com).
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Table 3 and Figure 1 show the survival probabilities of 
men and women over the 24 yr of follow-up. Overall, wom-
en had better long-term survival than men (HR = 0.70: 
95% CI, 0.58-0.85; P < .001). When considering only par-
ticipants with a previous diagnosis of CAD, women and 
men had similar survival probabilities (HR = 0.90: 95% 
CI, 0.66-1.24; P = .53). However, since women with CAD 
were slightly older than men with CAD (68 vs 64 yr, re-
spectively; P < .001), when adjusting for age, women had a 
higher survival probability than men (HR = 0.68: 95% CI, 
0.49-0.93; P = .02) (Figure 2).

Overall, CVD was the leading cause of death (39%), fol-
lowed by neoplasm (26%) and diseases of the respiratory 
system (13%). External and ill-defined causes accounted for 
3% and 1% of all-cause mortality, respectively (Table 4). 
With the exception of diseases of the respiratory system, all 
other causes of death had similar frequencies in men and 
women. Similar findings were observed when considering 
only participants with a previous diagnosis of CAD. How-
ever, as expected, CVD was more frequently the underlying 
cause of death in this latter population (P = .006).

DISCUSSION
Despite robust evidence of clinical and cost-effectiveness, 
formal cardiac rehabilitation or clinical exercise-based 

programs tend to be underutilized worldwide, with par-
ticipation rates typically ranging from 20 to 50%.25 Un-
fortunately, although being a class I recommendation for 
several heart diseases and/or conditions, due to relevant 
logistic and economic constrains, globally the vast majority 
of MSEPs are limited to only 12 wk, strikingly different 
from our MSEP in which the participants pay a modest fee 
directly and there is no time limit on length of participation.

In the related literature, participation rates vary greatly 
according to sex, and unique barriers for women are associ-
ated with reduced referral, enrollment, and adherence.26,27 
Accordantly, only a third of the population were women in 
our study, most likely due to disparities in referral of women 
to MSEPs. Moreover, as shown by Oosenbrug et al,14 not 
only does adherence to exercise programs favors men, but 
even higher differences in adherence rates between men and 
women have been reported in the few programs that last 
>12 wk. This leads to a dearth of morbidity and mortality 
data available comparing men and women who participate 
in an exercise program for primary and secondary preven-
tion of CVD. Therefore, given that the present population 
had a reasonable and similar percentage of adherence to 
≥36 sessions between men and women (∼60%), including 
>700 participants with >100 sessions and a long follow-up 
period (up to 24 yr), it provided an ideal opportunity to 
evaluate and compare hard outcomes according to sex.
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Figure 2. Age-adjusted Kaplan-Meier survival probabilities according to 
sex of participants with coronary artery disease who were enrolled in a 
medically supervised exercise program in a Brazilian private clinic from 
March 1994 to November 2018 (P = .02). This figure is available in color 
online (www.jcrpjournal.com).

Table 4

Underlying Cause of Death of Participants Who Were 
Enrolled in a Medically Supervised Exercise Program in a 
Brazilian Private Clinic From March 1994 to November 2018 
According to Sex and Presence of Coronary Artery Disease

Underlying Cause of 
Death (%)

Total 
(n = 525)

Men 
(n = 375)

Women 
(n = 150)

P 
Value

All participants

 Cardiovascular disease

 Neoplasm

 Diseases of the 
   respiratory system

 Ill-defined

 External causes

 Others

39

26

13

1

3

18

41

28

11

1

2

17

34

20

20

2

4

20

.22

.08

.01

.40

.16

.73

Total 
(n = 287)

Men 
(n = 242)

Women 
(n = 45)

Participants with CAD

 Cardiovascular disease

 Neoplasm

 Diseases of the 
   respiratory system

 Ill-defined

 External causes

 Others

44

22

13

2

3

16

45

24

11

1

3

16

39

12

21

5

5

18

.81

.11

.04

.13

.34

.59

Abbreviation: CAD, coronary artery disease.
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Overall, women had higher long-term survival after en-
rolling in our MSEP compared with men, and there are 
two potential explanations for this finding. First, women 
had a better baseline clinical profile than men, particular-
ly a lower prevalence of more serious chronic conditions, 
such as CAD. Moreover, similar to what is seen globally, 
in the population of Rio de Janeiro State, women have a 
longer life expectancy as compared with men.28 Although 

the underlying reasons for better survival among women 
remain incompletely understood, regardless of whether it is 
due to biological, environmental, social, or behavioral fac-
tors, the difference in longevity between sexes is considered 
one of the more robust features of human biology.29

Moreover, among participants with a previous diagnosis 
of CAD and a similar clinical profile, after adjusting for age, 
women again exhibited better long-term survival than men. 
Furthermore, it should be underscored that women achieved a 
lower percentage of sex- and age-predicted V· o2max at the time 
of enrollment in the MSEP. Considerable evidence shows that 
cardiorespiratory fitness (CRF) expressed as V· o2max or esti-
mated as metabolic equivalents (METs) has a strong and in-
dependent association with all-cause mortality in both healthy 
and unhealthy individuals.30 Moreover, CRF has been shown 
to be an even more powerful predictor of mortality risk than 
traditional risk factors such as hypertension and type 2 diabe-
tes.31 Therefore, it might be expected that women who were 
older, had similar clinical profiles, and lower CRF would have 
a lower long-term survival than men, unless participating in 
an exercise program provided greater benefits in women com-
pared with men.

Previous studies have addressed outcome differences ac-
cording to sex in participants of an exercise program with 
conflicting results. While Cannistra et al32 observed increas-
es of 20% and 14% in CRF among women and men, re-
spectively, after a 12-wk program of exercise training, and 
O’Callaghan et al33 reported 72% and 48% improvements 
in CRF among women and men with CAD, respectively; 
after exercise regimens of 3 times/wk for 8 wk, these results 
did not differ significantly between sex. On the other hand, 
Sarrafzadegan et al17 compared pre- and post-clinical pro-
files of patients with documented CAD who participated in 
a 24-session exercise program and showed that, while men 
and women had significant and similar decreases in choles-
terol levels, weight, waist and hip circumferences, and an 
increase in left ventricular ejection fraction, men achieved a 
higher improvement in estimated METs following training. 
More recently, using directly measured gas analysis, Rengo 
et al34 observed that women experienced a significantly low-
er improvement in CRF than men (13 vs 17% increase in 
V· o2peak) after participation in an exercise training program. 
However, due to a limited number of studies on this top-
ic,20,35 especially related to mortality outcomes,19 it remains 
difficult to draw definitive conclusions in terms of wheth-
er the degree of benefit is similar between men and wom-
en. Moreover, since a follow-up CPX was not performed 
in our sample, a definitive conclusion regarding whether 
the sex differences in mortality observed relates to differ-
ent responses to exercise training cannot be made. There is 
a clear need for additional studies designed to clarify this 
issue, as more extensive information about the benefits of 
exercise might help providers to better appreciate and pro-
mote participation in exercise programs especially among 
women.36,37

Regarding causes of death, several results were notable. 
First, the percentage of deaths attributable to CVD was 
higher in our sample than what has been observed in the 
Brazilian general population and in other countries, regard-
less of sex and history of CAD. While 39% of the partici-
pants in our MSEP died of CVD, approximately 30% and 
25% of the Brazilian and US populations have CVD as their 
underlying cause of death, respectively.38 This might be ex-
plained by the fact that CVD and/or cardiac risk factors 
are still the main reasons to referral to an MSEP,25 and thus 
our sample was biased. In addition, we found a low rate 
of ill-defined causes of death (1.5%), similar to that seen 
in the United States (1.2%) but lower than that reported 
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in Brazil (5.8%).39 Our MSEP is carried out in a privately 
owned clinic that has a monthly fee, which is higher than 
the average minimum wage in Brazil. This undoubtedly re-
flects a higher socioeconomic status and educational lev-
el in our MSEP participants in comparison to the general 
population of Brazil, and therefore they had better access 
to health care.

Finally, it is important to highlight some peculiarities of 
this study. First, as stated earlier, more than half of our sam-
ple participated in the MSEP for a longer time than what is 
usually observed in similar North American and European 
rehabilitation programs. According to the National Heart, 
Lung, and Blood Institute,40 Medicare and most insurance 
plans only cover a standard MSEP that includes 36 sessions 
over 12 wk. As the patients from the present study made 
payments out-of-pocket, there is not a maximal number 
of sessions or time one could participate in this particular 
MSEP. In practical terms, the majority of the study sam-
ple attended a higher number of exercise sessions that are 
usually prescribed in North American and European pro-
grams, including a few participants with > 1000 sessions 
over > 20 yr.

Some limitations of this study should also be pointed out. 
Inherent to observational studies, potential selection bias 
might have influenced some of our findings, especially re-
garding differences in baseline clinical profiles. Therefore, 
as discussed earlier, a subanalysis with men and women 
with CAD that had similar baseline characteristics was per-
formed, diminishing the possibility that these features might 
have contributed to our survival results particularly in CAD 
participants. Moreover, since the MSEP was conducted in a 
privately owned clinic, this undoubtedly influenced socio-
economic and ethnic status, which might limit the general-
izability of the results to other MSEP populations. Lastly, 
smoking status was not included in the analysis of our 
study. However, since only 1-2% of the participants from 
our MSEP reported being current smokers during their 
baseline assessment, it is unlikely that this risk factor might 
have influenced the study results.

CONCLUSION
In summary, underlying causes of death were similar be-
tween sexes, but long-term survival among MSEP partic-
ipants was better among middle-aged/older women com-
pared with men, even though women had lower sex- and 
age-predicted CRF at baseline. Future studies should ad-
dress further the extent to which men and women differ in 
response to participation in a long-term MSEP. 
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