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Abstract

Purpose: Despite the known benefits of cardiac rehabilitation (CR), it remains underutilized 

particularly among women. The aim of this review was to provide an overview regarding women 

in CR, addressing barriers which may affect enrollment and attendance as well as to discuss the 

training response and methods to optimize exercise-related benefits of CR.

Review Methods: The review examines original studies and meta-analyses regarding women in 

CR.

Summary: Women are less likely to engage in CR compared to men and this may be attributed to 

lack of referral or psychosocial barriers on the part of the patient. Furthermore, despite having 

lower levels of fitness, women do not improve their fitness as much as men in CR. This review 

summarizes the current literature and provides recommendations for providers regarding 

participation and adherence as well as optimal methods for exercise training for women in CR.

Condensed Abstract:

This review summarizes the current literature pertaining to women in cardiac rehabilitation (CR) 

with particular attention to participation rates and exercise training response. Specific interventions 

can help with enrollment and adherence. Additionally, the exercise prescription for women in CR 

can be designed to optimize the benefits of CR.
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Cardiovascular disease (CVD) is the leading cause of death in the United States for women, 

killing roughly 300,000 women a year.1 While medical advances have improved overall 

survival rates in patients with CVD, a sex-related gap exists regarding recovery from an 

acute cardiac event. Independent of age, within 5 yr of experiencing a myocardial infarction 
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(MI), women are more likely to die, have congestive heart failure or suffer a stroke 

compared to men.2

Phase 2 cardiac rehabilitation (CR) plays a key role in prevention for cardiac patients and 

has also been shown to reduce mortality and morbidity and improve quality of life, exercise 

capacity, and physical function.3–6 Although the benefits of CR have been clearly 

established, it is remarkably underutilized, particularly among women.7,8 The purpose of 

this review is to provide an overview regarding women in CR, addressing barriers which 

may impact enrollment and adherence as well as to discuss the exercise training response 

compared with men and methods to optimize the beneficial effects of CR.

CARDIOVASCULAR DISEASE IN WOMEN

Although traditional CVD risk factors are the same for both men and women, there are 

differences regarding the prevalence of these risk factors.9 Hypertension is higher in women 

>65 yr of age compared to men.10 Similarly, type 2 diabetes mellitus and elevated 

cholesterol are more prevalent in adult women than men, particularly among non-Hispanic 

black and Mexican American women.11,12 Additionally, new studies have identified female-

specific CVD risk factors, including history of preterm delivery, gestational diabetes or 

hypertension, surgical or early menopause, autoimmune disease and cancer treatment (such 

as breast cancer) 13 (Figure 1).

While women develop ischemic heart disease at a later age compared to men, rates of 

ischemic heart disease have been escalating among younger women.14 One in five women 

will die from heart disease yet only 56% of women recognize that CVD is the number one 

cause of death in women. 1 Furthermore, women are less likely than men to receive 

preventive treatment or guidance.13,15

CR REFERRAL, ENROLLMENT AND ADHERENCE IN WOMEN

CR is a cost effective class 1A recommendation of the American Heart Association and 

American College of Cardiology for risk reduction, yet women are less likely to enroll and 

complete CR compared to men.16,17 National surveys of Medicare enrollees have shown that 

following an MI, women participated at a rate of 14.3% compared to 22.1% in men.7 

Additionally, women have lower CR referral rates which impacts CR participation.8 This 

lower referral rate may be due, in part, to physician bias since, on average, women are older 

and have more medical and psychological co-morbidities than men following a cardiac 

event. 18 Paradoxically, however, it is these challenges that make participation in CR all the 

more necessary and potentially beneficial.

In a meta-analysis of 297,719 individuals with a CR eligible diagnosis, a 36% lower 

enrollment rate was observed in women compared to men.19 Previous studies have identified 

low educational attainment, social isolation, lack of insurance, transportation issues and 

mental health as potential determinants of CR participation.8,20–22 A recent study by 

Khadanga et al examined the medical, psychosocial, and behavioral factors which influence 

CR participation among both sexes based upon interviews while patients were hospitalized.
23 Use of electronic referral to CR upon hospital discharge, strong physician 
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recommendation of CR and surgical diagnosis were predictors of CR attendance in women. 

Additionally, the authors examined how combinations of various characteristics can 

drastically change the likelihood of CR attendance for a given individual. For women, in 

particular, the likelihood of attending CR varied in large part as to whether women had high 

levels of social support (77% CR attendance) or low levels of support (33%). Similarly, 

women ≥61 yr with lower self reported physical function were less likely to participate 

compared with women reporting normal to high levels of physical function.23 This would 

suggest that low functional capacity may be a barrier to attending an outpatient CR program. 

Additional factors such as lack of awareness, unemployment, older age, and fear of exercise 

have also been associated with lower CR participation in women.8,24,25

While CR enrollment and attendance is low in women, this is particularly prominent for 

minority females.26 Among 366,103 Medicare patients eligible for CR, overall 18.9% 

women participated. Non-Hispanic black, Hispanic and Asian women had particularly low 

rates, averaging between 10-12%.27 Mochari et al examined ethnic differences in CR 

referral among 304 women (48% white, 34% black, 15% Hispanic) and found that 

minorities were less likely to receive instruction to attend CR and more likely to report 

financial barriers compared to whites.28 Specific attention should be focused to increase 

participation among racial and ethnic minority women.

Sex differences also persist regarding CR adherence. Compared to men, women are less 

likely to adhere or complete CR.29 Interestingly, Marzolini et al examined reasons for 

withdrawal from a 12 mo CR program and found that sex itself was not the necessarily the 

main reason for withdrawal but rather it was due to particular characteristics (single status, 

lower physical function, family issues) which tend to affect women more than men.30 

Additionally, women who are active smokers, <55 yr, obese or lack coronary disease (ex. 

valve patients) are much less likely to complete CR.8,30,31 Table 1 summarizes the 

differences between men and women regarding CR participation, adherence, completion and 

fitness.

DEMOGRAPHICS OF FEMALE CR PARTICIPANTS

A recent study examined the evolving clinical and demographic characteristics of CR 

participants (n=5396) between 1996-2015 and significant sex differences were observed.32 

Compared to men, women at CR entry were noted to be older with lower levels of fitness 

(all P <.001). While rates of diabetes and current smoking did not differ by sex, hypertension 

was more common in females (11% higher, P<.001) and women had higher co-morbidity 

scores (P <.02). Additionally, index diagnosis differed by sex. Patients with a diagnosis of 

MI or heart valve procedure were more likely to be female whereas patients with coronary 

artery bypass graft surgery were more likely to be male.32

CR BEHAVIORAL, CLINICIAL AND PSYCHOSOCIAL ISSUES in WOMEN

Many of the issues around engaging women in CR are tied to behavioral or psychosocial 

factors. Some of these barriers are present for both men and women, but are more prevalent 

in women or have a larger impact. For example, one of the strongest predictors of attending 
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CR is the strength of the physician recommendation.23,33 However, compared to men, 

women are more likely to report not having CR strongly recommended, or not receiving 

support in enrolling in CR.34 Women are also more likely to rate lack of awareness of CR as 

a barrier to attending.25

Transportation problems are an often-cited barrier to participation, and specifically the 

ability to drive is strongly associated with attending CR.35 As mentioned earlier, women 

tend to enter CR at older ages, with more comorbidities, and thus are also less likely to be 

independent, including driving themselves. Indeed, transportation is more likely to be 

mentioned by women than men as a barrier to CR attendance.25,30

Smoking is another serious concern within the CR population and receiving a CR-eligible 

diagnosis, such as MI, may not be enough for a person to successfully quit smoking.36 In the 

majority of studies examining smoking and CR, women are often underrepresented, making 

it difficult to discern if there is an underlying sex difference.36,37 Current smoking, in 

addition to being highly associated with further negative health outcomes, is a strong 

independent predictor of dropout in CR.37 It is highly likely, therefore, for a female current 

smoker to not participate or drop out from CR compared to a female non-smoker. Current 

smoking should be a particular focus for CR in regards to women; the association of 

negative health effects with smoking appears to be stronger in women than in men, and 

women may have more difficulty quitting smoking than men.38,39

With >80% of CR participants being overweight, there has been a dramatic increase in 

insulin resistance and type 2 diabetes mellitus in CR.40 In one study, women had a higher 

prevalence of insulin resistance than men (73 vs. 64%) and a greater percentage with an 

elevated waist circumference (71% vs 60%).41 While those with type 2 diabetes mellitus are 

less likely to complete CR than non-diabetics, the difference is greater in women (72 vs 

82%) than in men (83 vs 86%).42 Interventions specifically directed towards female 

diabetics may improve CR adherence rates.

Psychiatric symptoms such as depression and anxiety are associated with lower levels of CR 

attendance and adherence.43 In the U.S., women have about twice the rate of depression as 

men and studies suggest, among older adults, women are at least twice as likely to suffer 

from anxiety disorders.44,45 Accordingly, women are more likely to have elevated anxiety 

and depressive symptoms coming into CR which are likely to impact the participation and 

attendance. 46

Other behavioral barriers to CR participation are more specific to women. For example, 

social relationships play an important role for women. Women are more likely to take on 

caregiving roles, and those who should attend CR may be caring for children, partners, or 

parents. Social obligations can interfere with management of their own medical condition, 

decreasing the likelihood of attending CR. Indeed, women are much more likely than men to 

report family responsibilities as a barrier to attending CR.25,30 A lack of social support may 

also impact CR attendance among women suggesting that a combination of high social 

obligations with low social support could be extremely challenging for women.23,43
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Women also appear to differ in how they experience the exercise portion of CR. Enjoyment 

of exercise is an important predictor of CR adherence. People who exercised regularly 

before their event are more likely to participate in and men are more likely to have higher 

levels of physical activity coming into CR.47,48 Contrast this with women, who are older 

with more comorbidities which could make exercise more painful or difficult. Indeed, 

women are more likely than men to report exercise as being tiring/painful, or issues with 

musculoskeletal conditions, as being barriers for CR adherence.25,30 Behavioral factors play 

a major role in the lower CR participation rates in women and there is an opportunity for CR 

liaisons to address these issues for women in order to improve CR participation.

INTERVENTIONS TO IMPROVE CR UTILIZATION IN WOMEN

Although there is limited research specifically examining ways to improve CR participation 

and adherence in women, certain interventions have proven to be beneficial (Figure 2). The 

use of automatic electronic referral for hospitalized patients has been shown to increase 

participation as well as overcome a potential bias on the part of the provider as to whether or 

not a patient is suitable for CR; this is particularly pertinent for women given that they tend 

to be under-referred. 8,49 A systemic referral process can improve CR referral by a factor of 

2-7 times.49 Interestingly, in subsequent research, use of electronic referral was noted to be 

an independent predictor for CR participation in women.23,50

Sanderson et al found that women who did not attend CR often stated “my doctor doesn’t 

think I really need it.”24 Thus, interventions aimed at increasing CR awareness among 

patients and health care providers have been found to improve referral and enrollment rates. 
51,52 Recent findings that women who received a strong recommendation from their provider 

while in the hospital are much more likely to attend CR support this idea.23

Due to family obligations, many women have difficulty attending CR often due to the 

scheduled set times.20,25 If women lack appropriate support at home, they may be unwilling 

or unable to take time away from their responsibilities. Providing more flexible times or an 

“open gym” concept may help with this.53

Some women perceive CR as a “men’s club” and that CR may not fit with their needs.53 

Several studies have examined the effect of different models of CR on participation among 

women with mixed results. Beckie et al performed a randomized controlled trial in which 

women were randomized to standard CR or a gender-tailored, stage of change matched CR 

program using motivational interviewing.54 Compared to traditional CR, the gender-tailored 

intervention increased attendance by four sessions. This motivational interviewing included 

in the intervention can perhaps help overcome the hesitancy or ambivalence towards healthy 

behavioral change. This, however, differs from Grace et al who compared program 

adherence between women referred to standard CR, supervised women-only CR or home 

based CR and found no difference in adherence among the alternative program models. 55

To help delineate this further, another trial assessed women’s preferences for different CR 

program models; patients were assigned to mixed-sex, women-only or home based CR. 56 

Women were highly satisfied irrespective of the CR model, however the majority preferred 

Khadanga et al. Page 5

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



supervised programs as opposed to home-based. Additional research, therefore, is needed to 

assess the utility of gender-tailored CR programs.

CARDIORESPIRATORY FITNESS: WOMEN vs MEN

Women entering CR programs are older with more co-morbidities and have lower 

cardiopulmonary fitness (CRF) and strength at baseline than men.57–59 Even after adjusting 

for age, women will have lower CRF, measured as peak oxygen uptake (VO2peak) than that 

of men upon entry to CR. Furthermore, in most studies, women do not improve VO2peak as 

much as men in CR despite having lower fitness at baseline.60–63

Among a diverse population consisting of 2,896 patients entering CR, women improved to a 

lesser degree in VO2peak than men, 11 vs 19% respectively.61 A more recent analysis of the 

same database in 2020 demonstrated similar findings with women improving only 13 vs 

17% in men. 62 Additionally, a higher percentage of women failed to demonstrate any 

improvement in VO2peak whatsoever, compared to men (24 vs 16%, P <.001). This is of 

clinical significance given that VO2peak is the best predictor of mortality and survival 

benefits of CR. 64

Strength and Physical Function

Reduced muscular strength has been associated with increased cardiovascular disease and 

mortality for men and women and women have significant higher rates of physical disability 

than men of the same age.57,65,66 Women self report lower levels of physical function and 

have lower measured handgrip strength compared to men in the CR setting.52,57,62

One of the major goals in CR is to improve CRF and overall strength, yet it appears that 

women may not experience the same benefits of CR participation, perhaps, adjustments 

should be made regarding the exercise prescription for women in CR.

EXERCISE TRAINING REGIMENS SPECIFIC TO WOMEN

Currently, most CR programs do not alter the exercise prescription for women compared 

with men other than tailoring exercise intensity to the current CRF status of the participant. 

Studies at our institution and elsewhere have demonstrated that the exercise prescription for 

women in CR should differ versus what is utilized for men.

Resistance Training

Given that women entering CR tend to be older and have lower muscle mass and strength, 

additional focus should be placed on resistance training (RT). It is notable that RT alone 

improves leg strength and walking endurance among older individuals.63,67,68 The value of 

RT on measures of physical performance were carefully assessed in a randomized controlled 

trial in 42 disabled female coronary patients >65 yr.68 Subjects were randomized to higher 

intensity RT or a control group that performed light yoga and breathing exercises. Weight 

training for 7 different exercises began at 50% of 1-repetition maximum gradually increasing 

to 80% of 1-repetition maximum, as tolerated. Also, intensity was guided by perceived 

exertion scores with patients increasing the resistance when perceived exertion scores drop 
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below a threshold value (14 on the Borg scale of 6-20). The resistance-training program was 

performed with universal weights and dumbbells. The 7 exercises focused on leg, arm, and 

shoulder strength. Measurable improvements were seen in a wide range of physical activities 

such as stair climb, grocery carry, and 6 minute walk test as well as tasks involving 

flexibility and coordination such as pouring a gallon of milk or vacuuming.68 This study 

demonstrated that participation in high intensity RT can be done safely and improves 

performance of a wide range of daily activities in older women with heart disease; thus, a 

strong emphasis should be placed on strength training for women undergoing CR.

Higher Intensity Aerobic Interval Training

High intensity interval training (HIIT) is more effective in increasing VO2peak compared to 

traditional moderate intensity continuous training in patients with heart disease.69,70 

However, the majority of HIIT studies consisted primarily of men with heart disease; thus, 

the true benefits for female cardiac patients alone remains poorly defined.69–71

In one study of 1787 patients who completed CR, response to exercise training differed by 

sex.62 In this particular study, only 11% of women performed interval training while for 

men, it was 22% and for most, this was moderate rather than HIIT. The discrepancy of HIIT 

between women and men can perhaps, at least in part, explain the lower response in 

VO2peak.

Since RT alone improves both leg strength and walking endurance in older adults, Khadanga 

et al set out to optimize exercise training response in women by combining intensive 

strength training with HIIT.59,72 In this study, 56 women were randomized to either a control 

status of standard aerobic exercise training (70-85% of peak heart rate) with moderate 

intensive RT vs. HIIT (90-95% of peak heart rate) along with higher intensive lower 

extremity RT 3 sessions/wk for 12wk. The mean age of women in this study was 65±11 with 

a range of 43-98 yr. VO2peak increased to a greater degree in the HIIT group (+23%) than in 

the control group (+7%) (0.3±0.07 vs 0.1±0.01 L/min, P<.03). Similarly, the change in leg 

extension strength was greater in the HIIT-RT group compared to the control group 

(15.3±0.3 vs 6.4±1.1 kg, P <.001).59 The exercise prescription for women in CR should 

consist of intensive RT and HIIT within the range of women’s fitness to help address 

differences in fitness outcomes compared to men.

CR FOR SPECIAL POPULATIONS of WOMEN

Spontaneous coronary artery dissection (SCAD) is a non-traumatic tear in the coronary 

vessel and is an important cause of MI in younger women, accounting for 10-30% of MIs in 

women <50 yr.73 Current guidelines recommend CR for all patients with recent MI caused 

by SCAD due to the mounting supporting evidence that participation in CR improves not 

only physical and social well being but also lower symptom frequency.73,74 Often, these 

women do not have the traditional CVD risk factors therefore, therapy in CR should be 

tailored to focus on patient centered goals and psychosocial behavior to help subside the fear 

of exercise many patients experience following their SCAD event.74,75
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Given the suggestion of an association between SCAD and extreme physical exertion, these 

women are often advised against prolonged high-intensity activities or participation in 

competitive sports.73 While all are encouraged to engage in moderate intensity exercise, 

there is some evidence to support the use of HIIT in female patients with SCAD.76 In this 

small retrospective study, female patients participated in moderate intensity exercise training 

and when able to exercise 20 continuous minutes at prescribed intensity (usually after 

session 4-6), HIIT was incorporated. Improvements in depression symptomology and 

VO2peak were seen and no adverse events were reported. Unfortunately, there are no clear 

guidelines regarding exercise prescription for aerobic training or strength training in the 

SCAD population and additional research is needed.73

Stress induced cardiomyopathy (SICM) also known as Takasubo’s cardiomyopathy is 

characterized by a transient decrease of systolic function of the left ventricle without 

evidence of obstructive coronary disease. It is often due to intense emotional or physical 

stress and the clinical presentation is similar to acute coronary syndrome and often includes 

an elevation of cardiac enzymes. SICM occurs more frequently in postmenopausal women, 

accounting for ~90% of reported cases.77 In a retrospective study performed at Mayo Clinic 

Rochester, 380 unique patients were identified with SICM from 2008-2015.78 Of those, only 

18 patients (5%) were referred to CR all of whom were female. Further, only 10 of the 18 

(55%) completed CR. Following CR completion, significant improvements were seen in 

exercise duration and weight reduction. Future research is needed to identify barriers for 

enrollment as well as reasons for poor CR adherence in patient with SICM.

FUTURE DIRECTIONS: MOVING FORWARD

The underutilization of CR has led to national level efforts to increase CR participation such 

as the Million Hearts initiative which aims to achieve 70% participation rate by 2022.79 To 

help overcome the disparity seen between men and women in CR, additional research 

specifically tailored to women is needed. Strong physician recommendation, increased 

awareness and automatic referral can increase female CR participation.23,25,49 To increase 

CR attendance, alternative models of CR delivery such as hybrid home based CR or 

smartphone based CR may provide the flexibility needed for some women but further 

research is warranted to assess the impact of these newer programs.8 Given the lack of social 

support and high rates of anxiety and depression in women, perhaps assigning a case 

manager can provide the necessary assistance and support needed to increase CR 

participation.

Use of motivational interviewing can help overcome the hesitancy women have towards 

healthy behavioral change and promote CR adherence.54 Other modalities of exercise such 

as Zumba classes or group walking activities are more appealing to women and perhaps can 

be incorporated into CR programs.53 Additionally, more research is warranted in minority 

women and those of lower socioeconomic status given that they are the most vulnerable 

population and least likely to use CR.25,80
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CONCLUSIONS

Cardiovascular disease affects women in alarming numbers and despite the benefits of CR 

for secondary prevention, it continues to be substantially underutilized. Specific 

interventions such as automatic electronic referral and a strong physician recommendation 

can help aid in CR participation, however, additional studies are needed to improve longer 

term adherence. Efforts should be made to help women overcome some of the behavioral 

and psychological barriers that can hinder CR attendance. While women entering CR tend to 

be older and have lower CRF at baseline, they fail to improve their fitness as much 

compared to men. This may be attributed to discrepancies in how the exercise training 

protocol is applied between men and women. The use of higher intensity aerobic and 

resistance training should be incorporated wherever possible, irrespective of age. 

Additionally, certain conditions such as SCAD and SICM are more prevalent in women and 

CR can serve a pivotal role in the treatment and management of these patients.
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Figure 1: 
Cardiovascular risk factors in Women
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Figure 2: 
Utilization of Cardiac Rehabilitation in Women: Specific Barriers and Solutions
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Table 1:

Differences Between Men and Women in Cardiac Rehabilitation

Women Men

CR referral rates
31

1
42

1

CR participation rates
19-39

2
29-45

2

CR completion rates
26-50

1,3
28-64

1,3

Improvement in peak VO2 11-13
4,5

17-19
4,5

Abbreviations: CR, cardiac rehabilitation; peak VO2, peak aerobic capacity

A
Data represented as range (%)

B
Data adapted from studies with more than 1,000 subjects:

1
Colbert JD, et al. Eur J Prev Cardiol. 2015;22(8):979-986.

2
Samayoa L,et al. Can J Cardiol. 2014;30(7):793-800.

3
Ritchey MD, et al. Circ Cardiovasc Qual Outcomes. 2020;13(1):e005902.

4
Ades PA, et al. Circulation. 2006;113(23):2706-2712.

5
Rengo JL,et al. J Cardiopulm Rehabil Prev. 2020;40(5):319-324. Please see references for further information.
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