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Abstract
PURPOSE—We sought to examine the improvements in physiological outcomes, including
exercise capacity, in women completing a 12-week gender-specific (tailored) compared to a
traditional cardiac rehabilitation (CR) program.

METHODS—A 2-group randomized clinical trial compared symptom limited graded exercise test
(SL-GXT), lipid, and anthropometric parameters among 99 women completing a traditional 12-
week CR program to 137 women completing a tailored CR program.

RESULTS—Compared to baseline, improvement in estimated peak metabolic equivalents
(METs) was similar (P=.159) between the tailored (6.0±2.7 to 7.6±2.8) and the traditional CR
program (5.6±2.3 to 7.1±2.8). The amount of change in SL-GXT, anthropometric parameters, lipid
profiles, and peak treadmill time from baseline to post-CR were also similar between the 2 groups.
Given comparable improvements of the 2 CR programs, in the full cohort, factors independently
associated with post-CR METs, in rank order, included baseline METs (part correlation=0.44, P<.
001), perceived physical functioning (0.24, P<.001), waist circumference (−0.10, P=.006), and age
(−0.11, P=.004). Factors independently associated with post-CR treadmill time included baseline
treadmill time (part correlation=0.42, P<.001), perceived physical functioning (0.30, p<.001),
waist circumference (−0.12, P=.002), and age (−0.10, P=.006).

CONCLUSIONS—Exercise capacity was significantly improved among women completing both
CR programs. In the context of CR, modifiable factors positively associated with post-CR exercise
capacity included reduced waist circumference and improved physical functioning. Future
research on strategies for reducing abdominal obesity and improving perceived physical
functioning and exercise capacity among women attending CR is warranted.
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Cardiac rehabilitation/secondary prevention programs (CR/SPPs), internationally
endorsed,1–5 reveal undisputable morbidity and mortality benefits.6–8 Evidence-based
guidelines, including those for women,9 provide robust recommendations for referral to CR/
SPPs for patients with acute myocardial infarction (AMI), chronic stable angina, and after
coronary artery bypass graft (CABG) surgery or percutaneous coronary interventions
(PCI).10–14 Contemporary American outpatient CR/SPPs typically comprise 12 weeks of
supervised aerobic exercise supplemented with resistance training, and education and
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counseling for weight loss, nutrition, smoking cessation and psychosocial issues.1 These risk
reduction interventions are intended to slow coronary heart disease (CHD) progression,
improve cardiorespiratory fitness (CRF), and reduce future cardiac events.2,15 A meta-
analysis of randomized controlled trials (RCT) of exercise-based CR/SPPs found that
participants were 50% less likely to experience a second AMI, and had a 36% lower risk of
cardiac death.16

The symptom-limited graded exercise test (SL-GXT) is valuable for identifying individuals
at risk for CHD and mortality, evaluating capacity for dynamic exercise, and devising and
evaluating exercise prescriptions during CR/SP.17–20 The merit of exercise capacity for
predicting cardiac events and death was highlighted in a meta-analysis of 33 studies
comprising nearly 103,000 primarily male participants.21 Kodama et al21 determined that
each incremental improvement in metabolic equivalents (METs; an index of energy
expenditure) corresponded to 13% and 15% reductions in all-cause and cardiovascular
(CVS) mortality, respectively. Despite the morbidity and mortality benefits of exercise
training, few women comprised most study samples.22 Women are underrepresented in CR/
SP trials relative to their representation in the CHD population,23 and substantially more
research focused on women is essential to guide evidence-based cardiac care.

A greater understanding of the influence of both modifiable and nonmodifiable factors on
CRF estimates is vital for prescribing and evaluating exercise prescriptions for women
participating in CR/SPPs. We sought to evaluate the physiological and psychosocial
outcomes among women completing a gender-specific compared to a traditional CR/SPP.
The purpose of this paper was to examine the improvement in physiological outcomes,
including CRF, in women completing a gender-specific CR/SPP compared to women
completing a traditional CR/SPP. We also report on associations between CRF after CR/SP
completion and socio-demographic and clinical characteristics.

METHODS
Using a prospective RCT and after obtaining informed consent, eligible women were
randomized to either the gender-specific (hereafter referred to as tailored) CR/SPP or a
traditional CR/SPP. Details of the methodological design, recruitment, retention, baseline
characteristics, intervention components, and depressive symptom, perceived health, and
quality of life (QOL) outcomes have been previously published.24–29 The Institutional
Review Board of the university and participating hospital approved the study protocol.

Participants
Participants were recruited from those referred to an outpatient CR/SPP in Florida from
2004 to 2008. The inclusion criteria were women >21 years 1) diagnosed with a AMI, stable
angina, or having undergone CABG surgery or PCI within 12 months and 2) able to read,
write, and speak English. The exclusion criteria were 1) health insurance coverage for <36
electrocardiogram (ECG)-monitored exercise sessions, 2) cognitive impairment, and 3)
inability to ambulate. We randomly allocated 111 women to traditional CR/SP and 141 to
the tailored program of which 99 and 137, respectively, completed the study.

Interventions
Traditional Cardiac Rehabilitation—The traditional CR/SPP, nationally certified by the
American Association of Cardiovascular and Pulmonary Rehabilitation, was delivered by 2
female nurses and 1 exercise physiologist using a case management model. The ECG-
monitored and supervised exercise protocol consisted of aerobic exercise and resistance
training 3 days per week for 12 weeks. Exercise consisted of a 5-minute warm-up and 35 to

Beckie et al. Page 2

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



45 minutes of aerobic exercise (treadmill walking, cycling or rowing) with exercise heart
rates maintained at 60% to 80% of maximal heart rate calculated from the baseline SL-GXT.
Exercise intensity was adjusted to maintain participant Borg scale rating of perceived
exertion between “light” and “somewhat hard” (12–14 on a scale of 6–20).30 Resistance
training included 3 sets of wall-pulleys and hand weights and was followed by 5 minutes of
cool-down exercises. Women in this group were free to choose any scheduled mixed-gender
exercise session between 8 AM and 4 PM. Education classes on CHD risk factor reduction
were also provided by the CR/SP personnel on 8 consecutive weeks.

Tailored Cardiac Rehabilitation—The tailored CR/SP exercise protocol was identical to
that of the traditional CR/SPP except for the exclusion of men and the restriction of
intervention implementation to one time slot when the CR/SP facility was closed. The
intervention, guided by the Transtheoretical Model of behavior change31 and delivered with
a motivational interviewing counseling style,32 was administered by 2 female research
nurses and 1 exercise physiologist. A clinical nurse specialist and clinical psychologist also
facilitated psychoeducational sessions for 10 consecutive weeks.

Physiological and Psychosocial Measures
Blood pressure (BP) was measured by one automated BP monitor (Datascope, Mahwah, NJ)
according to established guidelines.33 Body mass index (BMI) was calculated as weight kg/
height(m2). Body fat composition was determined using skinfold measurements taken at 3
sites (suprailium, triceps, and thigh).34 Waist circumference was measured by trained staff
between the iliac crest and the lowermost level of ribs. Lipid profiles and serum glucose
were measured after a 12-hour fast using the Cholestech LDX System (Haywood, CA).

Standards for SL-GXT were followed,18,35 with 1 cardiologist supervised all tests using 1
treadmill. CRF was evaluated using the modified Bruce protocol and expressed in METs
where a MET typically equals 3.5 mL of oxygen uptake per kilogram per minute. METs
were estimated from the final treadmill speed and grade.36 Baseline SL-GXTs were obtained
an average of 3 months after the index cardiac event and within 1 week before beginning
CR/SP while exit tests were obtained 1 week after CR/SP completion. Participants continued
their medication regimen on the usual schedule and all SL-GXTs were conducted in the
morning. Participants were instructed not to grip the handrail and were encouraged to exert
maximal effort to volitional fatigue or until the occurrence of abnormal clinical signs or
symptoms. A second cardiologist, blind to group assignment, interpreted all SL-GXT
results. Termination criteria for exercise testing included fatigue, leg discomfort, dyspnea,
abnormal BP responses, or ischemic ECG changes.

Urine cotinine level measured exposure to nicotine. Specimens were screened by
immunoassay at a threshold of 25 ng/mL. If positive, it was confirmed by gas
chromatography (MedTox Laboratories, St. Paul, MN). The Charlston Comorbidity Index
(CMI) measured the burden of 19 comorbid diseases.37 Scores can range from 0–12 with
higher scores representing greater comorbidities.

Anxiety was measured with the 20-item State Anxiety Inventory.38 Scores range from 20 to
80, with higher scores indicating more anxiety. The 20-item Center for Epidemiological
Studies Depression Scale (CES-D) measured depressive symptoms.39 Scores range from 0
to 60 with scores ≥16 typically the cutoff for an elevated level of depressive symptoms.
Quality of life was assessed using the multiple discrepancies theory (MDT)
questionnaire40,41 and the Self-Anchoring Striving Scale (SASS).42 The MDT evaluates
discrepancies between one’s current QOL and what one wants, relevant others have, the best
one has had in the past, expected to have 3 years ago, expects to have after 5 years, deserves
and needs. The 8 items are summed for a total score ranging from 8 to 56. The SASS is a
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single item depicting a ladder using only numbers as descriptors of the ladder rungs.
Participants were asked to indicate where on the ladder (from 0 to 10) they would judge
their present life.

The SF-36v2 Health Survey assessed perceived health status.43 The SF-36v2 comprises 36
questions measuring health perceptions on 8 subscales. Subscales were totaled and
transformed to a 0–100 scale with higher scores representing better perceived health.

Exercise attendance, recorded at each session, was calculated as the number of sessions
attended out of 36 prescribed sessions. Education attendance was expressed as a percentage
of the number of sessions completed because the tailored CR/SPP comprised 10 and the
traditional CR/SPP consisted of 8 education sessions.

Data Analysis
Data were analyzed using IBM®SPSS® version 20 for Windows. Univariate and biavariate
distributions were examined using frequencies and crosstabulation procedures to check for
outliers and assess normality. Descriptive statistics including means, standard deviations,
Pearson correlations and percentages were used to describe the participants and study
variables. Categorical variables were compared using the χ2 test and continuous variables
were compared using the t test. Urine cotinine levels were log-transformed. Analysis of
variance was used to assess between-group differences in changes on physiological and
psychosocial variables among the 236 women completing the intervention. To determine
predictors of post-CR exercise capacity and treadmill time (n=232) we first examined all
bivariate correlations between the exercise test variables and all variables listed in Tables 1
and 2. From this list we selected 10 variables that were correlated with peak METs and
treadmill time at r ≥0.2. Forward regression using these 10 predictors (age, waist
circumference, physical functioning, social functioning, fasting glucose, CMI, BMI,
smoking status, exercise attendance, and left ventricular ejection fraction) was conducted
while controlling for baseline levels. All statistical tests were 2-tailed and evaluated for
significance using an alpha criterion of .05.

RESULTS
Baseline characteristics were not different across the randomized groups. With a mean age
of 63±12 years, most women were white, married, and had a high school or higher education
(Table 1). With the exception of angiotensin converting enzyme inhibitors, baseline
consumption of CVS medications did not differ between women in two treatment groups
and medications remained stable throughout the study. In both groups, 14% were current
smokers.

Improvements in Clinical Characteristics by Treatment Group
The tailored group participants attended more exercise sessions (33 ± 8 versus 30 ± 8,
F (1, 234) = 6.575, P=.01, η2 = .027) and a greater percentage of education sessions than the
traditional group (88.5 ± 21 versus 60.5 ± 30; F (1, 234) = 71.168, P<.001, η2 =.233).
Improvements in lipid profiles or anthropometric indices after completing CR/SP were
similar in both groups (Table 2). Compared to the traditional CR/SPP, the tailored group
achieved significantly lower depressive symptom and improved QOL scores after
completion. They also achieved significantly greater improvements on 5 of the 8 SF-36
Health Survey subscales.

Compared to baseline, improvement in peak METs were similar (P=.159) between the
tailored (6.0±2.7 to 7.6±2.8) and traditional CR/SP program (5.6±2.3 to 7.1±2.8). The
amount of change in treadmill time from baseline to post-CR was also similar between the 2
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groups (Table 3). Given comparable improvements of the 2 CR/SPPs, data were combined
for subsequent analyses.

Predictors of Exercise Capacity for the Total Cohort
Two regression models were constructed to predict post-CR/SP METs and treadmill time.
Forward regression using 10 independent variables resulted in the final models of 4
predictors of METs and treadmill time that are shown in Table 4 and Table 5, respectively.
The factors independently associated with post-CR/SP METs, in rank order, included
baseline METs (part [or semi-partial] correlation = 0.44, P<.001), perceived physical
functioning (0.24, P<.001), age (−0.11, P=.004), and waist circumference (−0.10, P=.006).
These variables predicted 68.3% of the variance in post-CR/SP METs (Table 4). Perceived
physical functioning was the strongest predictor of METs after controlling for baseline
values.

The regression model to predict post-CR/SP treadmill time using the same variables used to
predict METs led to similar results (Table 5). Factors independently associated with post-
CR/SP treadmill time included baseline treadmill time (part correlation = 0.42, P<.001),
perceived physical functioning (0.30, P<.001), waist circumference (−0.12, P=.002), and age
(−0.10, P=.006). Because of the high correlation between METs and treadmill time (r = .
962) in our sample, physical functioning was also the strongest predictor of treadmill time.

DISCUSSION
The aim of the study was to examine the effects of a traditional compared to a tailored CR/
SPP on physiological and exercise capacity outcomes among women. To the best of our
knowledge, this is the first RCT to compare outcomes of a CR/SPP designed exclusively for
women to a traditional CR/SPP. Our primary finding was that lipid profiles, anthropometric
indices, and exercise capacity was similarly improved among women completing both
programs. Specifically, mean METs improved by 27% (1.6 METs) and treadmill time
improved by 24% compared to baseline. A recent meta-analysis of the effects of CR/SPPs
on CRF revealed a similar mean improvement of 1.55 METs after completion, with men and
patients <55 years achieving greater gains than women, mix-sex groups, or older patients.15

Kodama et al21 concluded that the minimum CRF level associated with significantly lower
CVS event rates for women was about 6 METs at 50 years of age, and 5 METs at 60 years
of age.

The beneficial effects of CR/SP exercise training on peak METs and treadmill time we
observed corroborate data reported previously.44 Arthur et al45 showed about a 20%
improvement in peak VO2 in 92 women after 6 months of CR/SP exercise. A retrospective
analysis of 210 (59% men, mean age 58 years) CR/SP participants completing 70% of
prescribed exercise sessions found that exercise capacity increased by 32% from baseline.
The improved exercise capacity achieved by our participants is clinically meaningful
because aerobic capacity is prognostic of mortality in both apparently healthy and CHD
patient populations. The St James Women Take Heart Project showed that women failing to
achieve at least 5 METs had a 3-fold increased mortality risk compared with women
achieving >8 METs, with each MET improvement associated with a 17% mortality
reduction.46 Others found exercise capacity was predictive of CVS mortality over 20 years
of followup,47,48 and Keteyian et al49 reported a 15% reduced mortality risk with every 1
mL·kg−1·min−1 increase in peak oxygen uptake.

The modifiable factors positively associated with post-CR exercise capacity and treadmill
time among our participants included reduced waist circumference and improved perceived
physical functioning. The combined effect of central adiposity and low CRF is reportedly
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particularly detrimental for mortality in CR/SP patients.20 Lakoski et al50 argue that
achieving high CRF levels is challenging for most obese individuals, given the negative
impact of body weight on treadmill times. Savage et al51 found that women made less
improvement in CRF than men in their cohort of 385 (20% women) CR/SP patients and that
baseline perceived physical functioning significantly predicted improved CRF, pointing to a
readily obtainable score for identifying patients less likely to improve CRF after exercise
training.

In the current era of high consumption of statin drugs, improved lipid profiles with CR/SP
participation is becoming more difficult to demonstrate.52,53 Further, the societal epidemic
of obesity is mirrored in the profiles of contemporary CR/SP patients.54,55 Most of our
participants were overweight or obese and demonstrated little meaningful weight loss after
CR/SP completion, corroborating findings of a meta-analysis of exercise-based CR/SPPs.16

Despite escalating obesity in CR/SP patients, exercise protocols have remained relatively
unchanged, resulting in unimpressive weight loss given the low energy expenditure.56

Efforts to address modest weight loss in CR/SPPs have led to successes primarily for men.
Ades et al53 found that patients randomized to high energy expenditure exercise training
(daily, longer duration, and lower intensity) compared to traditional CR/SP had twice the
weight loss after 5 months with CRF improving similarly by group. Innovative strategies for
reducing obesity, improving CRF, and fostering healthy lifestyles, require additional
exploration among women of diverse ages in CR/SPPs.

The age of our participants was independently associated with exercise capacity and
treadmill time. Others found exercise capacity was strongly related to age57,58 and
particularly low in women entering CR/SP.59 Earnest et al,60 examining the CRF response
to 6 months of varying exercise training volumes in healthy, overweight postmenopausal
women, found an attenuated training response due to age regardless of training volume.
Younger, less fit, or women who exercised more during the trial had greater odds of
improved fitness with training.57 An inverse linear relationship between age and exercise
capacity was demonstrated in asymptomatic women from the St. James Women Take Heart
Project.61 Others have determined that the decline in maximum aerobic capacity with age is
curvilinear with the rate of decline increasingly severe with age.58 Sandercock et al15

proposed that providing same-gender exercise groups stratified by age might optimize CRF
gains.

That the tailored, compared to the traditional CR/SPP, was superior for improving
depressive symptoms, QOL, and perceived health but not exercise capacity or
anthropometric indices may reflect the greater differentiation of the psychosocial
components and the similarity of the exercise training protocols of the 2 interventions.
Future research challenges include disentangling the effective ingredients of CR/SP
interventions for specific subgroups and for specific outcomes. Testing alternative exercise
protocols, weight loss interventions, and interventions focused on healthy lifestyles for
women in CR/SP settings is needed to improve anthropometric indices and exercise
capacity.

Limitations of the current study warrant discussion. First, the sample size was relatively
small from a single south-eastern American institution and all women had health insurance
coverage. Second, in compliance with current exercise training guidelines and Medicare
reimbursement, the 36 ECG-monitored exercise sessions in the treatment groups were
similar. Third, peak oxygen uptake was estimated from treadmill speed and grade rather than
directly measured by ventilator expired gas analysis because of feasibility constraints. While
direct measures of oxygen uptake are recommended for more accurate, individualized
exercise prescriptions, when unfeasible, estimation of exercise capacity is acceptable62 and
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commonly used in clinical practice. Finally, although evidence supports a genetic
contribution to exercise training responses,63–69 we did not evaluate genetic factors. Genetic
determinants of aerobic capacity and exercise training responses are prime targets for future
research to facilitate designing individualized CR/SP exercise prescriptions.

CONCLUSIONS
Exercise capacity was significantly improved among women completing both CR/SPPs.
Modifiable factors positively associated with post-CR/SP exercise capacity included reduced
waist circumference and improved perceived physical functioning. The tailored CR/SPP was
substantially more effective than traditional CR/SP for improving psychosocial outcomes in
women and similarly effective for improving lipid profiles and anthropometric indices.
Identifying modifiable characteristics predisposing women to suboptimal improvement in
CRF may assist in designing individualized exercise training protocols that optimize
physiological outcomes in CR/SP. Exercise training in CR/SP can effectively increase
exercise capacity, thereby, improving mobility, independence, and QOL among women.
Future research on exercise training strategies for reducing abdominal obesity and
improving exercise capacity among women of diverse ages attending CR/CPPs is warranted.
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Table 1

Baseline Characteristics by Randomization Groupa

Characteristic Traditional CR (n=99) Tailored CR (n=137)

Age, mean (SD), y 64±11 63 ±11

Race or ethnicity, n (%)

 Non-Hispanic white 61 (62) 95 (69)

 African American 17 (17) 22 (16)

 Hispanic 20 (20) 19 (14)

 Asian 1 (1) 1 (1)

Education, n (%)

 High school or less 42 (42) 58 (42)

 Some college 41 (41) 46 (34)

 Baccalaureate degree 9 (9) 24 (17)

 Graduate degree 7 (7) 9 (6.5)

Marital Status, n (%)

 Married 54 (54) 73 (53)

 Divorced/Separated 22 (22) 33 (24)

 Widowed 15 (16) 26 (19)

 Single never married 8 (8) 5 (4)

Diagnostic eligibility for cardiac rehabilitation, n (%)

 Percutaneous coronary intervention (PCI) 42 (42.4) 76 (55.5)

 Coronary artery bypass graft surgery (CABG) 39 (39.4) 40 (29.2)

 Stable angina 14 (14.1) 14 (10.2)

 Myocardial infarction (MI) 4 (4.1) 7 (5.1)

Medications, n (%)

 β-Blockers 83 (84) 110 (80)

 Statins 89 (90) 121 (88)

 Aspirin 87 (88) 115 (84)

 Clopidogrel 56 (57) 93 (68)

 Angiotensin-converting enzyme inhibitorb 30 (30) 60 (44)

 Angiotensin receptor blocker 28 (28) 30 (22)

 Oral hypoglycemic agents 35 (35) 34 (25)

 Nonsteroidal anti-inflammatory agents 23 (23) 35 (25)

 Insulin 14 (14) 22 (16)

Pack years smoked, mean ± SD 16±22 18±22

Ejection Fraction, mean ± SD 54.1 ± 11.3 54.1 ± 10.4

Charlson Comorbidity Index, mean ± SD 2 ± 1.7 1.8 ± 1.4

Urine cotinine, ng/mL, mean ± SD 166 ± 389 106 ± 261

Abbreviations: CR, cardiac rehabilitation

a
Continuous variables are reported as mean ± SD; categorical variables are presented as number and (%).

b
χ2 and t test for discrete and continuous variables, respectively; P >.05 for all except for angiotensin-converting enzyme inhibitor (P = .042).
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Table 4

Predictors of Peak Metabolic Equivalents after Cardiac Rehabilitation (n=232)

Predictor Unstandardized Coefficient (B) Standard Error Standardized Coefficient (β)

Step 1

 Intercept 2.319a 0.300

 Baseline MET 0.869a 0.047 .772

Step 2

 Intercept 5.867a 1.345

 Baseline MET 0.631a 0.053 .560

 Physical functioning 0.031a 0.005 .276

 Waist circumference −0.021a 0.008 −.115

 Age −0.032a 0.011 −.124

R2 = .596 for Step 1, F (1,230) = 339.648, P<.001; ΔR2 = .086, F (3, 227) = 20.606, P<.001; Final model R2 = .683, F (4,227) = 122.081, P<.

001.

a
P<.05.

Abbreviations: MET, metabolic equivalents
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Table 5

Predictors of Exercise Treadmill Time after Cardiac Rehabilitation (n=232).

Predictor Unstandardized Coefficient (B) Standard Error Standardized Coefficient (β)

Step 1

 Intercept 4.462a 0.383

 Baseline Treadmill Time 0.731a 0.043 .746

Step 2

 Intercept 8.536a 1.632

 Baseline Treadmill Time 0.507a 0.045 .517

 Physical Functioning 0.046a 0.006 .338

 Waist Circumference −0.029a 0.009 −.128

 Age −0.037a 0.013 −.116

R2 = .557 for Step 1, F (1, 230) = 289.417, P<.001; ΔR2 = .126, F (3, 227) = 30.090, P<.001; Final model R2 = .683, F (4, 227) = 122.375, P<.

001.

a
P<.05.
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