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ABSTRACT

Background: Improving women’s cardiovascular outcomes requires
optimizing cardiorespiratory fitness (CRF), as higher CRF predicts
improved mortality in people with cardiovascular disease (CVD). As
such, increasing CRF is a key goal of cardiac rehabilitation (CR). This
study assesses the potential influence of body habitus, assessed by
body mass index (BMI), on improvements in CRF in women with CVD.
Methods: Women (18+ years) diagnosed with CVD who completed a
12-week exercise-based CR program between 1996 and 2016 were
included in this retrospective analysis. Women completed a symptom-
limited graded exercise test before CR and at CR completion to
determine CRF via peak metabolic equivalents (METs). Women were
categorized by baseline BMI: normal = 185 to 24.9 kg/m?
overweight = 25.0 to 29.9 kg/m?, and obese > 30 kg/m2 Mixed
analysis of covariance (ANCOVA) was performed to evaluate the
impact of BMI classification on AMETs at 12 weeks.
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RESUME

Contexte : L'amélioration des pronostics cardiovasculaires chez les
femmes passe par I'optimisation de la condition cardiorespiratoire
(CCR), car une CCR élevée est prédictive d’une mortalité réduite chez
les personnes atteintes de maladie cardiovasculaire (MCV). L'amélio-
ration de la CCR est donc un objectif clé de la réadaptation cardiaque
(RC). Cette étude évalue linfluence potentielle de la constitution
physique, évaluée par lindice de masse corporelle (IMC), sur
I'amélioration de la CCR chez les femmes atteintes de MCV.
Méthodes : Les femmes (18 ans et plus) diagnostiquées avec une
MCV qui ont suivi un programme de RC basé sur I'exercice physique
durant 12 semaines, entre 1996 et 2016, ont été incluses dans cette
analyse rétrospective. Les femmes ont effectué un test d’exercice
gradué limité par les symptdmes, avant la RC et a la fin de la RC, pour
déterminer la CCR par le biais d’équivalents métaboliques (MET)
maximaux. Les femmes ont été classées en fonction de leur IMC de

The physical and psychosocial complications of obesity (body
mass index [BMI] > 30 kg/mz) may hinder improvements in
women’s cardiorespiratory fitness (CRF) in cardiac rehabili-
tation (CR), a highly effective recommended standard treat-
ment for reduction of cardiovascular (CV) risk factor. Both
female sex' ™ and a higher BMI”” have been associated with
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Results: Data from 1313 women (mean age = 62 + 11 years) were
analyzed. Results from mixed ANCOVA indicated a significant time
(pre-CR, 12 weeks) by BMI category interaction (F [2,1307] = 3.20,
P = 0.041, r]p2 = 0.005). Follow-up analyses of variance (ANOVAs)
showed significant improvements in AMETs in women with normal and
overweight BMI categories (standard mean difference =1.03, n = 454
and 0.92, n = 461, respectively, P < 0.001). However, AMETs among
women classified as obese was nonsignificant using a Bonferroni-
adjusted alpha of 0.017 (standardized mean difference [SMD] =
0.79, P = 0.028; n = 398).

Conclusions: A 12-week exercise-based CR program increased CRF in
women classified as normal or overweight by BMI, whereas those with
obesity did not realize similar improvements. Women with obesity may
need tailored strategies to increase their improvements in CRF in CR.
Clinical Trial Registration: REB18-0083.

smaller improvements in physrcal functioning and suboptimal
adherence to structured exercise programs, including CR.°
Despite the potential for obesity to limit the benefits of CR
for women, the impact of differing BMI categories on CRF
improvement in women participating in CR has not been well
examined. Identifying groups that may require tailored stra-
tegies to improve their outcomes is an important first step,
especrally grven the increasing prevalence of obesity among
women in CR.”

Cardiovascular diseases (CVDs) are the leading causes of
premature death for women in 97 countries including Canada
and the United States.” Women with CVD have poorer
morbidity and mortality outcomes compared with men.””
Differences in outcomes are attributable to sex-specific phys-
iology (eg, hormones), sex-specific pathophysiology (eg,
diffuse arterial disease), gender characteristics (eg, socral roles),
and delays in diagnosis and treatment among women. 7 As
such, sex- and gender-informed research is needed in all areas
of women’s heart health, including primary and secondary risk
reduction.”'*'®

CREF is considered a vital sign as it predicts long-term CV
outcomes and survival in adults."” In women, CRF inde-
pendently predicts all-cause mortality,”” and women appear to
gain greater. health outcomes from i improving CRF compared
with men.”* Women with CVD, who improve their CRF by
1 metabolic equivalent (MET) can reduce all-cause mortahty
rates up to 17% to 25%.”%° Improvmg CRF is a key
component of secondary prevention in CR, as higher CRF is
associated with better CV outcomes..

CR is an interdisciplinary CVD risk reduction treatment
model that includes risk-factor modification, psychosocial
support, nutrrtron counselhng, education, and exercise
training.”” Although CRF improvement is central to CR, it is
achieved alongside other essential strategies, such as medica-
tion optimization, dietary counselling, psychosocial support,
and return to work planning that together aim to enhance
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base: normal = 18,5 a 24,9 kg/m?, surpoids = 25,0 a 29,9 kg/m>, et
obésité > 30 kg/m>. Une analyse mixte de la covariance (ANCOVA) a
été réalisée pour évaluer I'impact de la classification de I'lMC sur les
AMET a 12 semaines.

Résultats : Les données de 1 313 femmes (age moyen = 62 + 11
ans) ont été analysées. Les résultats de TANCOVA mixte ont indiqué
une interaction significative entre le temps (avant la RC, 12 semaines)
et la catégorie d’'IMC (ratio F [2,1307] = 3.20, p = 0,041, taille de
I'effet r]p2 = 0,005). Les analyses de variance (ANOVA) de suivi ont
montré des améliorations significatives des AMET chez les femmes
ayant un IMC normal ou en surpoids (différence moyenne standard =
1,03, n = 454 et 0,92, n = 461, respectivement, p < 0.001).
Cependant, chez les femmes classées comme obéses, les AMET
n’étaient pas statistiquement significatives en utilisant une valeur
alpha ajustée de Bonferroni de 0,017 (différence moyenne
standardisée = 0,79, p = 0,028, n = 398).

Conclusions : Un programme de RC de 12 semaines basé sur I'ex-
ercice physique a augmenté la CCR chez les femmes classées comme
normales ou en surpoids selon leur IMC, alors que celles souffrant
d’obésité n'ont pas obtenu d’améliorations similaires. Les femmes
souffrant d’obésité pourraient avoir besoin de stratégies adaptées pour
améliorer leur CCR dans le cadre d’'un programme de RC.

Numéro d’enregistrement de I'essai clinique : REB18-0083.

patients’ long-term adherence, quality of life, and CV health.
CR improves CRF, reduces hospitalizations, and lowers
mortality.””**° Women who complete CR have a 64%
relative risk reduction in mortality compared with women
who did not complete CR programs.”’ Although improving
CREF is a key goal of CR, not all women improve this measure.
Results from a 13-year retrospective analysis suggest that 22%
of people who attend CR do not improve their CRF, and

17% have low improvements associated with female sex,
diabetes, lower baseline CRF, hostlllty, and an increased waist
circumference.' One plausrble patient characteristic that may
limit improvements in CRF in CR is body habitus, although
research is limited. Women with higher waist circumference,
on average, have lower improvements in CRF following
participation in CR.”> Women with obesity who complete
CR have had smaller i improvements in self-reported physical
functronrng compared with those in the normal BMI cate-
gory. Identrfymg participants who are less likely to experience
improvements in CRF in standard CR programs requires
further study. Thus, the primary purpose of this study was to
determine if the completing a 12-week CR program produced
similar improvements in CRF in women with differing BMI
categories.

Methods

Study population

This study is a secondary analysis of data from a retro-
spective study hnkmg clinical and administrative databases, as
previously described.” Clinicians collected data as part of
standard care for individuals with a history of CVD referred to
an outpatient CR program in Calgary, Alberta, Canada
(TotalCardiology Rehabilitation [TCR]), and through the
Alberta Provincial Project for Outcome Assessment in Coro-
nary Heart Disease (APPROACH). The APPROACH
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database includes prospectively collected clinical information
and outcomes of all patients undergoing cardiac catheteriza-
tion or revascularization in Alberta through linkages to the
Discharge Abstract Database (DAD), National Ambulatory
Care Reporting System (NACRS), and Vital Statistics. Re-
searchers linked the APPROACH data with TCR data using
personal health care numbers. The data underlying this article
cannot be shared publicly because of the consent agreement to
maintain the privacy of the individuals who participated in the
study. The final database used for this study included women
who were referred to and completed the TCR program be-
tween January 1996 and March 2016; were 18 years of age or
older; and had baseline CRF, height, weight, and waist
circumference data available. Completion of the CR program
was defined as completing both a baseline and 12-week post-
CR assessment.

CR Program

Participants were offered a 12-week comprehensive CR
program that included 1 hour of supervised exercise twice
weekly. If able, patients were encouraged to perform inde-
pendent exercise sessions 2 to 3 additional days per week.
Participants underwent a symptom-limited graded exercise
test, using a Standard or Modified Bruce protocol on a
treadmill, at baseline and following CR completion (12
weeks). Peak METs were used to quantify CRF, calculated
according to the protocol and mode of exercise by established
equations.”* An exercise specialist measured body weight
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and height using a calibrated electronic scale and waist
circumference using a tape measure placed halfway between
bottom of ribs and top of hips.

Each supervised exercise session began with a 5-minute
warm-up, followed by 20 to 60 minutes of steady-state aer-
obic training at a moderate intensity (60%-80% of heart rate
reserve)” followed by a 5-minute cool down. A multidisci-
plinary team assisted with risk-factor management including
support with nutrition, psychosocial factors, medication
adherence, and smoking cessation. A home-based CR pro-
gram was offered as an alternative to participants who had
difficulty attending clinic-based CR. The home program
consisted of exercise training at home or in the community
with weekly health coaching follow-up support by phone calls
from a nurse or exercise professional.

Sociodemographic and clinical covariates

Baseline demographic characteristics (age, sex), anthropo-
metric measurements (height [cm], weight [kg], and waist
circumference [cm]), resting blood pressure (mm Hg),
cholesterol (high-density lipoprotein [HDL], low-density li-
poprotein [LDL], total cholesterol, triglycerides; mmol/L),
smoking status, and information about the CR program
(completion of clinic-based or home-based CR) were obtained
from the TCR database. As only 37% of the participants had
hemoglobin A1C levels available, this datum was not

Table 1. Characteristics of women in cardiac rehabilitation by body mass index (N = 1313)

Baseline Characteristic Normal n = 454 Overweight n = 461 Obese n = 398 ANOVA or XZ P
Age (years) 63 (12) 64 (11) 59 (10)* F(2) = 17.39 <0.001
BMI (kg/mz) 22.5(1.7) 27.3 (1.4) 34.9 (4.3)* F(2) = 2189 <0.001
Home program (Yes) 97 (21%) 122 (26%) 92 (23%) A(2) = 4.32 0.115
Resting heart rate (bpm) 70 (13) 70 (12) 71 (12) F(2) =2.0 0.136
Resting SBP (mm Hg) 113 (18)* 117 (18) 116 (17) F(2) = 4.69 0.009
Resting DBP (mm Hg) 69 (10) 70 (10) 72 (9)* F(2) = 8.07 <0.001
HDL (mmol/L) 1.46 (0.4) 1.31 (0.4) 1.19 (0.3)* F(2) = 46.20 <0.001
LDL (mmol/L) 2.4 (1.0) 2.4 (1.08) 2.5 (1.0) F(2) = .303 0.739
Triglycerides (mmol/L) 1.7 (9.4) 1.5 (0.7) 1.8 (1) F(2) = .546 0.579
Waist (centimetres) 81 (7.5) 94 (7.4)* 109.4 (10.6)* F(2) = 1146 <0.001
Peak metabolic equivalents 6.73 (2.0)* 6.21 (1.75)* 5.61 (1.64)* F2) = 39.5 <0.001
Comorbidities
Diabetes (type 1 and 2) 55 (12.1%) 81 (17.6%) 118 (29.6%)* A(2) = 43.2 <0.001
COPD 47 (10.4%) 58 (12.6%) 48 (12.1%) %(2) = 1.19 0.550
Malignancy 19 (4.6%) 29 (6.3%) 14 (3.5%) %(2) = 4.09 0.129
CHF 51 (11.2%) 36 (7.8%) 32 (8.0%) %(2) =3.98 0.137
PVD 16 (3.5%) 16 (3.5%) 18 (4.5%) %(2) = 0.798 0.671
Hypertension 246 (55.1%) 295 (64%) 289 (72.6%)* %(2)=30.99 <0.001
Hyperlipidemia 250 (55.1%) 293 (63.6%) 253 (63.6%) A(2) =9.51 0.009
Liver/gastric disease 37 (8.1%) 45 (9.8%) 28 (7.0%) A(2) = 2.11 0.347
CVD 21 (4.6%) 20 (4.3%) 5 (1.3%) % (2) = 8.59 0.014
Renal disease 3 (0.7%) 8 (1.7%) 6 (1.5%) %(2) = 8.59 0.014
Current smoker 86 (18.9%) 105 (22.8%) 96 (24.1%) A(2) = 3.68 0.159
Former smoker 113 (24.9%) 113 (24.5%) 106 (26.6%) %(2) = 0.566 0.753
Family history CVD 143 (31.5%) 165 (35.8%) 138 (34.7%) A(2) = 2.04 0.361
Previous MI 32 (7%) 44 (9.5%) 50 (12.6%) A2 =74 0.024
STEMI 134 (29.5%) 120 (26%) 107 (26.9%) x2) =15 0.472
NSTEMI 102 (22.5%) 98 (21.3%) 79 (19.8%) % (2) = 0.868 0.648

Data are reported as mean (standard deviation) for continuous variables and mean (percent) for categorical variables.

ANOVA, analysis of variance; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; NSTEMI, non—{-elevation

myocardial infarction; PVD, peripheral vascular disease; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction.
*Post hoc comparisons indicate the group(s) that differed significanty (? < 0.001).
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Table 2. Mixed ANCOVA (Time x BMI category): N = 1313

Source of variance SS Df MS F P np2

Within subjects
Time 22.176 1 22.176 40.646 < 0.001 0.030
Time * age .029 1 .029  .053 0.818 0.000
Time * diabetes 4.350 1 4350 7.973  0.005 0.006
Time * hypertension 1.917 1 1.917 3.513  0.061 0.003
Time * BMI category 3.488 2 1.744 3.196  0.041 0.005
Error (time) 713.101 1307  0.546

Between subjects
BMI category 759.17 2 379.58 83.99 < 0.001 0.114
Error 5906.547 1307  4.519

ANCOVA, analysis of covariance; BMI, body mass index.

included. The APPROACH database was used to derive in-
formation regarding clinical covariates including comorbidity
status (eg, type 2 diabetes, hypertension, hyperlipidemia, liver
disease, gastrointestinal disease, cerebrovascular disease, renal
disease, congestive heart failure [CHF], chronic obstructive
pulmonary illness [COPD], malignancy and peripheral
vascular disease [PVD], and previous myocardial infarction

(MI]).

CRF. CRF was estimated by peak MET achieved on the
symptom-limited maximal exercise test. In CR, increasing
CRF by one MET is associated with a 17% to 25% reduction
in mortality, and as such is used as a clinically meaningful
benchmark of change in this study.”**

BMI. Patients were categorized into normal (BMI = 18.5-
24.99 kg/m?), overwelght (BMI = 25.00-29.99 kg/m?), and
obese (BMI > 30 kg/m ) groups based on calculated BMI.
Patients who were underweight (BMI < 18.5) were
excluded from the analysis as the sample included only 24
women.

Wiaist circumference. Patients were also grouped into 3
categories based on waist circumference: no risk (< 80 cm),
increased risk (80-87 cm) and substantially increased risk
(> 88 cm).”>*°

CJC Open
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Statistical analysis

Independent samples Student’s #tests were used to
compare women in the database who had BMI data available
(included) and those who did not (excluded). Descriptive
statistics were performed to characterize the study sample (eg,
mean [M], standard deviation [SD], proportion). Baseline
characteristics of the sample were compared among the 3 BMI
categories using %> test for categorical variables and 1-way
analysis of variance (ANOVA) for continuous variables.
Baseline variables that were significantly different between
BMI category groups were entered as covariates into the pri-
mary analyses. To assess the association of Time and BMI
category with improvements in CRF at 12-weeks, a 2 (Time;
baseline and 12-week) x 3 (BMI: normal, overweight, obese)
repeated measure analysis of covariance (ANCOVA) was
performed. Age, diabetes, and hypertension were included in
the model as covariates. Paired-sample Student’s #tests were
performed to determine the standard mean difference in
METs from baseline to 12 weeks.

A secondary aim of the study was to assess the changes in
women’s CVD risk factors (cholesterol levels, blood pressure,
heart rate, weight, waist circumference) pre-to post-CR by
BMI category using paired sample Student’s #tests to evaluate
absolute changes in CV risk factors from pre- to post-CR. In
addition, given recent calls for the use of non-BMI measures
of body habitus in CVD research,”” an exploratory mixed
ANCOVA was also performed substituting waist circumfer-
ence risk category for BMI category.

Results

Sample characteristics

A total of 2165 women in the database completed the 12-
week CR program during the study timeframe. We excluded
798 women missing BMI data, 30 women missing waist
circumference data and the small group of women who were
underweight pre-CR (BMI < 18.5 kg/m n = 24). A total of
1313 women were included in the analysis (Table 1). Stu-
dent’s #-tests indicated that women who were excluded from
the analyses because of missing BMI data were, in general,

Table 3. Follow-up 1-way ANOVA change in METs by BMI Category (N = 1313)

BMI category Source of variance SS df MS F P np”

Normal range Time 13.500 1 13.500 22.84 <.001 0.048
Time * age 0.272 1 0.272 0.460 0.498 0.001
Time * diabetes 1.713 1 1.713 2.893 0.090 0.006
Time * hypertension 0.755 1 0.755 1.276 0.259 0.003
Error (time) 266.404 450 0.592

Overweight Time 7.183 1 7.183 14.404 <.001 0.031
Time * age 0.076 1 0.076 0.151 0.697 0.000
Time * diabetes 0.346 1 0.346 0.695 0.405 0.002
Time * hypertension 0.010 1 0.010 0.020 0.887 0.000
Error (time) 227.890 457 0.499

Obese Time 2.676 1 2.676 4.877 0.028 0.012
Time * age 0.496 1 0.496 0.904 0.342 0.002
Time * diabetes 2.758 1 2.758 5.027 0.026 0.013
Time * hypertension 2.326 1 2.326 4.240 0.040 0.011
Error (time) 216.146 394 0.549

Statistically significant at the Bonferroni-adjusted o0 = 0.017.
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y=1.03x+5.71

y=0.92x +5.29

y=0.79x + 4.82

12-weeks post CR

Overweight Obese

Figure 1. Cardiorespiratory fitness of women with CVD at baseline to 12-week post CR based on BMI category. Normal range: 18.5-24.99 kg/mz;
overweight: 25.0-29.99 kg/m2; obese: > 30.0 kg/mz; adjusted for age. CR, cardiac rehabilitation; METs, peak metabolic equivalents.

healthier, with higher baseline mean peak METs (M % SD;
6.5+19vs6.2+1.8,2<0.001), lower LDL levels (2.18 +
0.97 vs 2.43 £ 1.00, P < 0.001), and total cholesterol (TC)
levels (4.28 £ 1.47 vs 4.43 £ 1.56, P = 0.007). Although the
excluded subjects had higher blood pressure (SBP 126 + 21.3
vs 116 & 18.4, P < 0.001), DBP was 75 & 9.80 vs 70 +
9.99, P < 0.001.

Sociodemographic and clinical characteristics of the sample
are presented in Table 1. The sample consisted of 34.6% of
women with normal weight, 35.1% in the overweight cate-
gory, and 30.3% with obesity. The mean age of the sample
was 62 years (£ 10.90). Women with obesity were younger
on average (59 years) than both the overweight (63 years) and
normal weight (64 years) groups (P < 0.001) and had lower
HDL and higher DBP (albeit within a normal range),
compared with the normal weight group (P2 < 0.001); see
Table 1.

Improvements in CRF according to BMI group

Results of the mixed ANCOVA evaluating the influence of
BMI on CRF improvements during CR are presented in
Table 2. There was a statistically significant Time x BMI
category interaction, F (2,1307) = 3.20, P = 0.041,
np2 = 0.005, indicating that change in CRF from baseline to
12 weeks differed by women’s BMI categories. The interac-
tion was broken down in a series of 1-way within-subjects

Table 4. Comparison of peak METs at baseline and 12 weeks after CR
in women based on BMI category (N = 1313)

METs
Baseline 12-week Mean

BMI category CR METs METs difference
Normal range (n = 454) 6.74 (2.05) 7.77 (1.98) 1.03*

BMI 18.5-24.99 kg/m®
Overweight (n = 461) 6.21 (1.78) 7.13 (1.80) 0.92*

BMI 25.0-29.99 kg/m*
Obese (n = 398) 5.61 (1.64) 6.40 (1.71) 0.79

BMI > 30.0 kg/m®

Peak metabolic equivalents (METs) reported number (standard
deviation).

BMI, body mass index; CR, cardiac rehabilitation; METs, metabolic
equivalents.

*Paired Student’s #-test P < 0.001 level.

ANOVA with statistical significance evaluated using a
Bonferroni-adjusted alpha = 0.5/3 = 0.017 (Table 3). The
follow-up ANOVAs revealed the interactions among age,
diabetes, and hypertension were not a significant source of
variance in any of the BMI categories. Whereas improvements
in CRF over the 12 weeks were statistically significant among
women in the normal and overweight categories, follow-up
ANOVAS indicated that CRF did not improve in the obese
category (Table 3). In the normal-weight group, women’s
peak METs improved from baseline (6.74 + 2.05) to 12
weeks (7.77 £ 1.98), F = 22.8, P < 0.001, np2 = 0.048.
Women in the overweight group displayed a similar
improvement in peak METSs from baseline to 12 weeks (6.21
+1.78t07.13 £ 1.81, F = 14.4, P < 0.001, np2 = 0.031).
However, the group of women with obesity did not experi-
ence a statistically significant improvement in peak METs at
12 weeks (5.61 £+ 1.64 to 6.40 = 1.71 METs, F = 4.9, P =
0.028, np” = 0.012).

In this sample, women with baseline BMI in the normal
range displayed clinically meaningful improvements in CRF
(ie, > 1.0 peak METs increase), whereas women in the
overweight and obese groups did not (Figure 1, Table 4). All 3
groups displayed comparable magnitudes of change (Cohen’s
d = 1.09, 1.00, and 1.06 for the normal, overweight, and
obese groups, respectively, in which d > 0.8 is considered a
large effect size.”® Thus, CR had a large positive effect on
CREF, yet women with overweight and obesity did achieve the
target of improving CRF by 1 peak MET.

Absolute changes in risk factors over 12 weeks

Absolute changes in risk factors from baseline to 12 weeks
are summarized in Table 5. On average, women’s cholesterol
levels, heart rate, and waist-circumference measurements were
significantly lower following the 12-week program, regardless
of their BMI classification. On average, women in the normal
BMI group gained 0.37 kg from baseline to 12 weeks (P =
0.008), whereas there was no significant weight change in the
other BMI groups.

Improvements in CRF according to waist circumference

Changes in peak MET's from baseline to 12 weeks according
to waist-circumference groups are presented in Figure 2 and
Table 6. The sample consisted of 207 women in the “no risk”
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Figure 2. Cardiorespiratory fitness of women with CVD at baseline to 12-week postexercise-based CR program based on waist category. CR, cardiac
rehabilitation; CVD, cardiovascular disease; METs, peak metabolic equivalents; adjusted for age.

significant. This is clinically significant because even small in-
creases in activity and CRF are linked to improved health
outcomes independent of body weight.”” In addition, the
completion of CR and exercise training offers potential health
benefits both for CVD and management of obesity. Current
guidelines for adult obesity clinical practice recommend the
core treatment for obesity should include medical nutrition
therapy and physical activity.”” Physical activity in obesity
treatment recommendations include 30 to 60 minutes of
moderate-to-vigourous aerobic activity most days of the
week,”” in keeping with CR recommendations of minimum of
150 minutes of weekly moderate aerobic activity.”” Although
exercise recommendations are consistent, determining an
optimal clinical target for CRF improvement during CR may
be important in risk reduction for women with CVD.

A 1-MET improvement is used as a clinically meaningful
benchmark of improvement,””*® and 58% of this sample did
not achieve this target. This may be in part related to women
being relatively fit at baseline and already achieved their
optimal CRF, but it may also be related to other unmeasured
factors. In this study, 35% of women with obesity achieved 1-
MET improvement compared with 45% and 43% of the
women with normal weight and overweight BMI groups.

Age and baseline CRF levels vary in CR participants, and
so, an absolute 1-MET increase may not be the best measure
of successful CV risk reduction in women in CR. Alterna-
tively, exercise outcome targets could be determined by using

Table 6. Comparison of peak METs at baseline and 12 weeks after CR
in women based on waist circumference category (N =1313)

Peak METs
Baseline-CR ~ 12-week ~ Mean
Waist circumference category METs METs change
No risk, < 80 cm (n = 207) 7.1 2.16) 8.1 (2.06) 1.00*

Increased risk, 80-87 cm (n = 287)
Substantially increased risk > 88 cm
(n = 819)

6.63 (1.85) 7.65(1.85) 1.02*
5.84 (1.72) 6.71 (1.77) 0.87*

Peak METs reported as mean (standard deviation).
CR, cardiac rehabilitation; METSs, metabolic equivalents.
* Change in METs statistically significant at 2 < 0.001 level.

a model that predicts optimal CRF (nomogram) for women of
differing ages. Gulati et al. ** developed a nomogram for CRF
in women based on age, in both sedentary and active women
with and without symptoms. Normal values were based on
5721 healthy women and 4471 women being investigated for
suspected CVD who were followed for 15 to 20 years. In this
nomogram the greater the deviation from the normal pre-
dicted MET value, the greater the CVD-related and all-cause
mortality risk. For example, a 60-year-old woman who ach-
ieved 7 METs on a Bruce protocol would have achieved
100% of her predicted CRF, whereas a 40-year-old woman
who achieved 7 METs would have achieved 72% of her
predicted CRF for her age.”* Achieving less than 85% of
predicted CRF doubled women’s chance of dying from CVD
and all-cause mortality (hazard ratio [HR], 2.02; P < 0.001;
HR, 2.37; P < 0.001, respectively).s/1 Women < 55 years of
age who achieve 2 METs lower than their predicted CRF had
the highest mortality rate.”* This tool has prognostic value at
baseline, but it is not known if improving CREF to the target/
normal age-based values is associated with improved out-
comes.”* Future research could assess using precise functional
targets from this nomogram and determine whether this tool
aids participants’ long-term goals.

Interestingly, most women in this study (84%) had a waist
measurement associated with elevated CV risk. This is not
surprising, as waist circumference is known to be a strong
predictor of CVD.””” Although other researchers have found
abdominal obesity is associated with lower improvements in
CRF in CR,” no difference in CRF outcomes associated with
waist circumference were observed in this cohort. Notably,
women in the highest waist-circumference category had lower
peak METs compared with those in the 2 other waist-
circumference categories. Given that baseline peak METs is
the single most imgortant predictor of CV outcomes and
mortality in CR,” the association between abdominal
adiposity and baseline CRF requires further study.

Strengths and limitations

Women are historically underrepresented in CVD and CR
research; therefore, an important strength of this study is that
data were accrued from a large dataset of women with CVD in
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CR. Another strength is that CRF was measured in women in
a CR program. Many CR programs do not conduct a pre- and
postprogram exercise stress test to evaluate participants’ im-
provements in CRF. It is also noteworthy that only women
who opted to enroll in and complete CR were included. As
women—and women with obesity, in particular—are less
likely to be referred, enroll, and attend CR,”*” it is possible
that results would be even more pronounced if women who
did not enroll or who dropped out early were included.

Although we were able to confirm that patients completed
a 12-week supervised exercise program, it would have been
ideal to include data on home-exercise activity, which may
have varied, especially among women with obesity who
might face additional barriers. Furthermore, although this
study used tailored exercise prescriptions informed by well-
established CR guidelines, the lack of data on participation
in nonaerobic or high-intensity modalities, such as resistance
training or high-intensity interval training (HIIT), may limit
the generalizability of findings to programs emphasizing
these approaches. Although this study employed symptom-
limited exercise testing that adhered to the American Col-
lege of Sports Medicine (ACSM) guidelines protocols under
the supervision of a highly trained physicians and exercise
physiologists, unmeasured subjective influences may still
exist. For example, clinician perceptions of a patient’s fitness
or risk could subtly influence test termination points, as
noted in previous research.”” Another limitation is the
absence of data linking short-term improvements in CRF
achieved during the 12-week program to long-term clinical
outcomes such as readmissions, revascularizations, cardiac
events, or mortality specifically in women. Observational
data from the TCR database confirm that CRF is a strong
predictor of mortality and a key mechanism linking CR
attendance to survival in the broader cohort.””’ Future
research should explore whether these findings hold true for
women and determine the minimal clinically important in-
crease in CRF across BMI categories.

Unfortunately, 798 women were excluded because of
missing weight measurements; it is not known why these data
were missing. These participants had statistically higher (P <
0.001) baseline peak MET values, and we do not know how
their inclusion may have affected our findings. Finally, the
interpretations are limited by lack of sociodemographic data
including ethnicity, socioeconomic status, education level,
employment, mental health, and exercise capacity. Future
researchers could consider collecting additional data on
participant characteristics, exercise behaviour, and women’s

perceptions of barriers to achieving optimal CRF during CR.

Conclusions

A 12-week exercise-based CR program significantly
increased CRF in women classified as normal or overweight by
BMI. Conversely, change in peak METs was not statistically
significant in women classified as obese. Waist circumference
categories did not predict degree of improvement in CRF.
Identifying characteristics of women who are predisposed to
suboptimal improvements in CR may assist in the develop-
ment of targeted, sex and gender-informed strategies to sup-
port optimizing CRF. Further research is needed to evaluate
options for targeted support to achieve clinically important

CJC Open
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improvements in CRF in all women and especially in women
with BMI > 30.0 kg/m2 participating in CR.

Ethics Statement

This research was conducted in accordance with the ethical
guidelines of the University of Calgary’s Conjoint Faculties
Research Ethics Board (CFREB) and complies with the ethical
principles outlined in the Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans (TCPS 2).

Patient Consent

This study was approved by the institutional review board
(IRB) as a retrospective study using deidentified data; therefore,
the IRB did not require consent from the patients. The authors
confirm that patient consent is not applicable to this article.

Funding Sources
No funding was provided for this article.

Disclosures
The authors have no conflicts of interest to disclose,

References

1. De Schutter A, Kachur S, Lavie CJ, et al. Cardiac rehabilitation fitness
changes and subsequent survival. Eur Heart ] Qual Care Clin Outcomes
2018;4:173-9.

2. Laddu D, Ozemek C, Lamb B, et al. Factors associated with cardiore-
spiratory fitness at completion of cardiac rehabilitation: identification of
specific patient features requiring attention. Can ] Cardiol 2018;34:
925-32.

3. Rengo JL, Khadanga S, Savage PD, Ades PA. Response to exercise
training during cardiac rehabilitation differs by sex. ] Cardiopulm Rehabil
Prev 2020;40:319-24.

4. Savage PD, Antkowiak M, Ades PA. Failure to improve cardiopulmonary
fitness in cardiac rehabilitation. ] Cardiopulm Rehabil Prev 2009;29:

284-91.

5. Terada T, Chirico D, Tulloch HE, et al. Sex differences in psychosocial
and cardiometabolic health among patients completing cardiac rehabili-
tation. Appl Physiol Nutr Metab 2019;44:1237-45.

6. Forhan M, Zagorski B, Marzonlini S, Oh P, Alter DA. Predicting exercise
adherence for patients with obesity and diabetes referred to a cardiac
rehabilitation and secondary prevention program. Can ] Diabetes
2013;37:189-94.

7. Gaalema DE, Savage PD, Leadholm K, et al. Clinical and demographic
trends in cardiac rehabilitation: 1996-2015. ] Cardiopulm Rehabil Prev
2019;39:266.

8. Aboyans V, Agrawal A, Aichour MTE, et al. Global, regional, and na-
tional age-sex specific mortality for 264 causes of death, 1980—2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet
2017;390:1151-210.

9. Heart & Stroke Foundation of Canada. Ms. Understood. Available from:
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-mon
th/hs_2018-heart-report_en.ashx.


http://refhub.elsevier.com/S2589-790X(24)00652-8/sref1
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref1
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref1
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref2
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref2
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref2
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref2
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref3
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref3
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref3
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref4
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref4
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref4
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref5
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref5
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref5
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref6
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref6
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref6
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref6
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref7
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref7
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref7
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref8
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref8
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref8
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref8
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref8
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx

Conradson et al.
Women’s Improvements in Cardiac Rehabilitation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Norris CM, Yip CYY, Nerenberg KA, et al. State of the science in
women’s cardiovascular disease: a Canadian perspective on the influence
of sex and gender. ] Am Heart Assoc 2020;9.

Connelly PJ, Azizi Z, Alipour P, et al. The importance of gender to
understand sex differences in cardiovascular disease. Can ] Cardiol

2021;37:699-710.

Garcia M, Mulvagh SL, Bairey Merz CN, Buring JE, Manson JE. Car-
diovascular disease in women: clinical perspectives. Circ Res 2016;118:

1273-93.

Luca F, Abrignani MG, Parrini I, et al. Update on management of car-
diovascular diseases in women. J Clin Med 2022;11:1176.

Murphy BM, Kuhn L, Cameron J. Understanding the differences be-
tween women and men: reflections on recent studies in cardiovascular
care. Eur ] Cardiovasc Nurs 2021;21:190-1.

Patel H, Aggarwal NT, Rao A, et al. Microvascular disease and small-
vessel disease: The nexus of multiple diseases of women. J Womens
Health (Larchmt) 2020;29:770-9.

Pelletier R, Khan NA, Cox J, et al. Sex versus gender-related character-
istics: which predicts outcome after acute coronary syndrome in the

young? ] Am Coll Cardiol 2016;67:127-35.

Shaw L, Bugiardini R, Bairey-Merz N. Women and ischemic heart dis-
ease: evolving knowledge. ] Am Coll Cardiol 2009;54:1561-75.

Alexander S, Li S, Tracy M. Cardiac rehabilitation: the answer for the
second chance. Am Heart ] Plus 2022:100108.

Dibben G, Faulkner J, Oldridge N, et al. Exercise-based cardiac reha-
bilitation for coronary heart disease. Cochrane Database Syst Rev 2021:
CD001800.

de Souza e Silva CG, Buginga GC, de Souza E Silva EA, et al. Prediction
of mortality in coronary artery disease: role of machine learning and
maximal exercise capacity. Mayo Clin Proc 2022;97:1472-82.

Mandsager K, Harb S, Cremer P, et al. Association of cardiorespiratory
fitness with long-term mortality among adults undergoing exercise
treadmill testing. JAMA Netw Open 2018;1:¢183605.

Ross R, Blair SN, Arena R, et al. Importance of assessing cardiorespira-
tory fitness in clinical practice: a case for fitness as a clinical vital sign: a
scientific statement from the American Heart Association. Circulation

2016;134:e653-99.

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.

Shiroma EJ, Lee IM. Physical activity and cardiovascular health: lessons
learned from epidemiological studies across age, gender, and race/
ethnicity. Circulation 2010;122:743-52.

Martin BJ, Arena R, Haykowsky M, et al. Cardiovascular fitness and
mortality after contemporary cardiac rehabilitation. Mayo Clin Proc

2013;88:455-63.

Safdar B, Mangi AA. Survival of the fittest: impact of cardiorespiratory
fitness on outcomes in men and women with cardiovascular disease. Clin

Ther 2020;42:385-92.

Mehra VM, Gaalema DE, Pakosh M, Grace SL. Systematic review of
cardiac rehabilitation guidelines: quality and scope. Eur J Prev Cardiol
2020;27:912-28.

Beauchamp A, Worcester M, Ng A, et al. Attendance at cardiac reha-
bilitation is associated with lower all-cause mortality after 14 years of

follow-up. Heart 2013;99:620-5.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

533

Martin BJ, Hauer T, Arena R, et al. Cardiac rehabilitation attendance
and outcomes in coronary artery disease patients. Circulation 2012;126:

677-87.
Taylor RS, Dalal HM, McDMcDonagh ST]. The role of cardiac reha-

bilitation in improving cardiovascualr outcomes. Nat Rev Cardiol
2022;19:180-94.

Colbert JD, Martin B-J, Haykowsky M]J, et al. Cardiac rehabilitation
referral, attendance, and mortality in women. Eur ] Prev Cardiol
2015;22:979-86.

Beckie TM, Beckstead JW, Kip K, Fletcher G. Physiological and exercise
capacity improvements in women completing cardiac rehabilitation.

J Cardiopulm Rehabil Prev 2013;33:16-25.

Liguori G, Feito Y, Fountaine CJ, Roy B, eds. ACSM’s Guidelines for
Exercise Testing and Prescription. 11th ed. Philadelphia: Wolters
Kluwer, 2022.

McConnell TR, Clark BA. Prediction of maximal oxygen consumption
during handrail-supported treadmill exercise. J Cardiopulm Rehabil
1987;7:324-31.

Heart & Stroke Foundation of Canada. Healthy weight and waist. Heart
& Stroke. Available from: https://www.heartandstroke.ca/healthy-living/
healthy-weight/healthy-weight-and-waist.

Janssen I, Katzmarzyk PT, Ross R. Body mass index, waist circumfer-
ence, and health risk: evidence in support of current National Institutes
of Health guidelines. Arch Intern Med 2002;162:2074-9.

Ross R, Neeland IJ, Yamashita S, et al. Waist circumference as a vital sign
in clinical practice: a consensus statement from the IAS and ICCR
working group on visceral obesity. Nat Rev Endocrinol 2020:177-89.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
Hillsdale: Routledge, 1988.

Terada T, Chirico D, Tulloch HE, et al. Psychosocial and car-
diometabolic health of patients with differing body mass index
completing cardiac rehabilitation. Can ] Cardiol 2019;35:712-20.

Forsyth F, Deaton C. Women and cardiac rehabilitation: moving beyond
barriers to solutions? Eur J Prev Cardiol 2020;28:758-60.

Smith JR, Thomas R]J, Bonikowske AR, Hammer SM, Olson TP. Sex
differences in cardiac rehabilitation outcomes. Circ Res 2022;130:

552-65.
Beatty AL, Beckie TM, Dodson J, et al. A new era in cardiac rehabili-

tation delivery: research gaps, questions, strategies, and priorities. Cir-

culation 2023;147:254-66.

Lakoski SG, Barlow CE, Farrell SW, Berry JD, Morrow JR Jr,
Haskell WL. Impact of body mass index, physical activity, and other
clinical factors on cardiorespiratory fitness (from the Cooper Center
longitudinal study). Am J Cardiol 2011;108:34-9.

Huebschmann AG, Kohrt WM, Herlache L, et al. Type 2 diabetes ex-
aggerates exercise effort and impairs exercise performance in older
women. BM]J Open Diabetes Res Care 2015;3:000124.

Alberga EI, Forhan M, Russell-Mayhew S. Weight bias and health care
udilization: a scoping review. Prim Health Care Res Dev 2019;20:¢116.

Bryan S, Walsh P. Physical activity and obesity in Canadian women.
BMC Womens Health 2004;4(Suppl 1):S6.

Fikkan JL, Rothblum ED. Is fat a feminist issue? Exploring the gendered
nature of weight bias. Sex Roles 2011;66:575-92.

Pi-Sunyer X. The medical risks of obesity. Postgrad Med 2009;121:
21-33.


http://refhub.elsevier.com/S2589-790X(24)00652-8/sref10
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref10
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref10
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref11
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref11
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref11
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref12
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref12
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref12
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref13
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref13
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref14
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref14
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref14
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref15
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref15
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref15
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref16
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref16
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref16
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref17
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref17
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref18
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref18
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref19
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref19
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref19
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref20
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref20
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref20
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref21
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref21
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref21
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref22
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref22
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref22
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref22
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref23
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref23
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref23
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref24
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref24
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref24
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref25
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref25
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref25
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref26
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref26
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref26
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref27
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref27
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref27
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref28
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref28
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref28
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref29
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref29
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref29
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref30
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref30
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref30
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref31
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref31
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref31
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref32
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref32
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref32
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref33
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref33
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref33
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref34
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref34
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref34
https://www.heartandstroke.ca/healthy-living/healthy-weight/healthy-weight-and-waist
https://www.heartandstroke.ca/healthy-living/healthy-weight/healthy-weight-and-waist
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref36
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref36
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref36
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref37
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref37
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref37
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref38
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref38
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref39
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref39
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref39
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref40
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref40
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref41
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref41
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref41
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref42
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref42
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref42
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref43
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref43
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref43
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref43
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref44
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref44
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref44
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref45
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref45
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref46
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref46
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref47
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref47
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref48
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref48

534

49.

50.

51.

52.

53.

54.

55.

Puhl RM, Heuer CA. The stigma of obesity: a review and update.
Obesity (Silver Spring) 2009;17:941-64.

Puhl RM, Heuer CA. Obesity stigma: important considerations for
public health. Am J Public Health 2010;100:1019-28.

Sutin AR, Stephan Y, Terracciano A. Weight discrimination and risk of
mortality. Psychol Sci 2015;26:1803-11.

Wahid A, Manek N, Nichols M, et al. Quantifying the association be-
tween physical activity and cardiovascular disease and diabetes: a sys-
tematic review and meta-analysis. ] Am Heart Assoc 2016;5:¢002495.

Wharton S, Lau DC, Vallis M, et al. Obesity in adults: a clinical practice
guideline. CMA]J 2020;192:E875-91.

Gulati M, Black HR, Shaw LJ, et al. The prognostic value of a nomo-
gram for exercise capacity in women. N Engl ] Med 2005;353:468-75.

Després JP. Obesity and cardiovascular disease: weight loss is not the only

target. Can ] Cardiol 2015;31:216-22.

56.

57.

58.

59.

60.

CJC Open
Volume 7 2025

Peters SA, Bots SH, Woodward M. Sex differences in the association
between measures of general and central adiposity and the risk of
myocardial infarction: results from the UK Biobank. ] Am Heart Assoc
2018;7:¢008507.

Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of myocardial
infarction in 27,000 participants from 52 countries: a case-control study.
Lancet 2005;366:1640-9.

Marzolini S, Brooks D, Oh PI. Sex differences in completion of a 12-
month cardiac rehabilitation programme: an analysis of 5922 women

and men. Eur ] Prev Cardiol 2008;15:698-703.

Sanderson BK, Bittner V. Women in cardiac rehabilitation: outcomes

and identifying risk for dropout. Am Heart ] 2005;150:1052-8.

Rouleau CR, Chirico D, Wilton SB, et al. Mortality benefits of cardiac
rehabilitation in coronary artery disease are mediated by comprehensive
risk factor modification: a retrospective cohort study. ] Am Heart Assoc

2024;13:¢033568.


http://refhub.elsevier.com/S2589-790X(24)00652-8/sref49
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref49
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref50
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref50
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref51
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref51
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref52
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref52
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref52
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref53
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref53
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref54
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref54
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref55
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref55
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref55
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref56
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref56
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref56
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref56
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref57
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref57
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref57
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref58
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref58
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref58
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref59
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref59
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref60
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref60
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref60
http://refhub.elsevier.com/S2589-790X(24)00652-8/sref60

	Women’s Improvements in Cardiorespiratory Fitness Following Cardiac Rehabilitation Differ by Body Mass Index Category
	Methods
	Study population

	CR Program
	Measures
	Sociodemographic and clinical covariates
	CRF
	BMI
	Waist circumference

	Statistical analysis

	Results
	Sample characteristics
	Improvements in CRF according to BMI group
	Absolute changes in risk factors over 12 weeks
	Improvements in CRF according to waist circumference

	Discussion
	Strengths and limitations

	Conclusions
	Ethics Statement
	Patient Consent
	Funding Sources
	Disclosures
	References


