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IntroductIon
Improving one’s modifiable cardiovascular risk profile is of 
paramount importance in both primary and secondary pre-
vention settings. Cardiac rehabilitation (CR) produces a host 
of health benefits related to modifiable cardiovascular risk, 
perhaps most notable is the significant improvement in aer-
obic capacity (1–4). The improvement in aerobic capacity is 
particularly important given the currently available wealth of 
literature demonstrating a higher fitness level is consistently 
associated with improved prognosis irrespective of other 
clinical characteristics (5–7). Given the positive impact CR 
has on numerous health metrics, it is not surprising there is a 
 well-documented and significant reduction in mortality fol-
lowing participation in this structured lifestyle modification 
program (1,2).

While the benefits of CR on modifiable cardiovascular risk 
factors are numerous, amelioration of certain negative charac-
teristics remains elusive. Of particular concern, most patients 
participating in traditional multidisciplinary CR program fail 

to lose a significant amount of body weight (8,9). This is an 
important issue given the majority of patients entering CR are 
either overweight or obese (9), a fact recognized by current CR 
guidelines that indicate weight loss should be a primary treat-
ment objective (10).

Given the negative effects of excess body weight on functional 
capacity and the ability to exercise (11), it is reasonable to posit 
that aerobic capacity improvements typically gained through 
CR may be negatively impacted both in the short and long 
term in patients who are overweight and particularly obese. To 
our knowledge, this issue has not been previously examined in 
a comprehensive fashion (i.e., long-term follow-up). The pur-
pose of the present investigation was to determine the influence 
of body weight, assessed through BMI, on acute and long-term 
improvements in aerobic capacity following completion of CR. 
We hypothesize subjects with a BMI classification of obese will 
have a lower aerobic capacity improvement immediately fol-
lowing a 12-week multidisciplinary CR program as well as at 
1-year follow-up.

Obesity Negatively Impacts Aerobic capacity 
Improvements Both Acutely and 1-Year 
Following cardiac Rehabilitation
Billie-Jean Martin1–3, Sandeep G. Aggarwal1–3, James A. Stone1–3, Trina Hauer1, Leslie D. Austford1, 
Merril Knudtson2,3  for the APPROACH Investigators and Ross Arena4 

Cardiac rehabilitation (CR) produces a host of health benefits related to modifiable cardiovascular risk factors. 
The purpose of the present investigation was to determine the influence of body weight, assessed through BMI, on 
acute and long-term improvements in aerobic capacity following completion of CR. Three thousand nine hundred 
and ninety seven subjects with coronary artery disease (CAD) participated in a 12-week multidisciplinary CR program. 
Subjects underwent an exercise test to determine peak estimated metabolic equivalents (eMETs) and BMI assessment 
at baseline, immediately following CR completion and at 1-year follow-up. Normal weight subjects at 1-year follow-up 
demonstrated the greatest improvement in aerobic fitness and best retention of those gains (gain in peak METs: 0.95 
± 1.1, P < 0.001). Although the improvement was significant (P < 0.001), subjects who were initially classified as obese 
had the lowest aerobic capacity and poorest retention in CR fitness gains at 1-year follow-up (gain in peak eMETs: 
0.69 ± 1.2). Subjects initially classified as overweight by BMI had a peak eMET improvement that was also significantly 
better (P < 0.05) than obese subjects at 1-year follow-up (gain in peak eMETs: 0.82 ± 1.1). Significant fitness gains, one 
of the primary beneficial outcomes of CR, can be obtained by all subjects irrespective of BMI classification. However, 
obese patients have poorer baseline fitness and are more likely to “give back” fitness gains in the long term. Obese 
CAD patients may therefore benefit from additional interventions to enhance the positive adaptations facilitated by CR.

Obesity (2012) 20, 2377–2383. doi:10.1038/oby.2012.119

1Cardiac Wellness Institute of Calgary, Calgary, Alberta, Canada; 2Department of Medicine, University of Calgary, Calgary, Alberta, Canada; 3Libin Cardiovascular 
Institute of Alberta, Calgary, Alberta, Canada; 4Physical Therapy Program, Department of Orthopedics and Division of Cardiology, Department of Internal Medicine, 
University of New Mexico Health Sciences Center, Albuquerque, New Mexico, USA. Correspondence: Ross Arena (RArena@salud.unm.edu)

Received 21 December 2011; accepted 16 April 2012; advance online publication 24 May 2012. doi:10.1038/oby.2012.119

10.1038/oby.2012.119
mailto:RArena@salud.unm.edu
http://www.nature.com/doifinder/doi:10.1038/oby.2012.119


2378 VOLUME 20 NUMBER 12 | dEcEMBER 2012 | www.obesityjournal.org

articles
intervention and Prevention

Methods and Procedures
Three thousand nine hundred and ninety seven subjects with coronary 
artery disease (CAD) participated in a 12-week multidisciplinary CR 
program (from 1996 to 2010) and additionally returned for reassess-
ment 1-year post-completion. Data used from this analysis was captured 
in a prospectively constructed clinical database that includes records 
on all subjects who attend the CR program. Information on additional 
clinical covariates was obtained from the Alberta Provincial Project for 
Outcomes Assessment in Coronary Heart disease (APPROACH) data-
base, which collects information on all subjects undergoing coronary 
catheterization in the Province of Alberta. This project was approved by 
the local institutional review board in Calgary, Alberta, Canada.

evaluation procedures
Key clinical characteristics with respect to cardiovascular risk profile 
were ascertained immediately before CR initiation. Symptom-limited 
exercise treadmill testing was performed immediately before CR, 
immediately after CR completion, and at 1-year follow-up post-CR. The 
peak estimated metabolic equivalent (eMET) value was calculated from 
treadmill speed and grade during the final stage of the exercise protocol 
using an established equation (12). BMI was recorded at baseline, imme-
diately following CR and at 1-year follow-up. Subjects were categorized 
into subgroups according to standard BMI criteria for normal weight 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obesity (≥30 kg/
m2) (13). During the exercise tests immediately after CR completion 
and at 1-year follow-up post-CR, subjects also reported the number of 
times they participated in a structured exercise program per week and 
the duration of each session at target heart rate, which was used to gen-
erate exercise volume in total hours per week. The proportion of offered 
exercise sessions that subjects attended was also recorded.

cardiac rehabilitation
Subjects took part in a 12-week supervised exercise program, two times 
per week, and were encouraged to engage in two to three exercise ses-
sions on their own. The patients were provided a target heart rate and 
associated eMET level. The 1-h CR sessions were supervised directly 
by exercise specialists and registered nurses who assisted the patient 
in safely attaining their appropriate exercise intensity. Exercise inten-
sity and volume were dependent on baseline exercise test results as 
well as patient exercise and medical history. Following aerobic train-
ing, a stretching and resistance training session was offered two times 
per week (i.e., one stretching session and one resistance training ses-
sion). In addition, patients voluntarily attended individual counseling 
appointments with a registered dietitian, registered social worker and/
or psychologist. A variety of heart smart education classes were also 
made available during the same time period.

statistical analysis
Statistical analysis was performed using SPSS 19.0 (SPSS, Chicago, IL). 
Continuous data is reported as mean and SD and categorical data is 
reported as percentages. The χ2-test assessed differences in key baseline 
categorical data according to BMI classification. One-way analysis of 
variance (ANOVA) was used to assess differences in key continuous 
variables at CR entry according to baseline BMI class. The one-way 
ANOVA was also used to assess differences in reported weekly exercise 
volume according to baseline BMI class and change in peak eMET level 
from baseline to 1-year follow-up in male and female subjects separately 
according to baseline BMI class. Tukey’s honestly significant difference 
test was used to assess statistical significance when differences amongst 
BMI subgroups were detected by the one-way ANOVA. A mixed model 
two-way ANOVA assessed differences in peak eMET level at each of 
the three exercise tests (within subject factors) according to baseline 
BMI class (between subject factors). Differences in BMI at the three 
exercise assessments, according to the baseline BMI classification was 
also assessed by the mixed model two-way ANOVA. Paired t-testing 
was used to assess change in peak eMET level from baseline to 1-year 

 follow-up in subjects who were initially classified as obese and either 
maintained or decreased their initial BMI classification. Pearson’s cor-
relation and scatter plots were used to assess the relationship between 
change in BMI and change in peak eMET level from baseline to both 
immediately post CR and 1-year follow-up. Multiple binary logis-
tic regression was used to determine if age (</≥65 years), sex (male/
female) and/or low baseline fitness level (≤/> 5 eMETs) were predic-
tive of an increase in BMI class (i.e., weight gain/negative outcome) at 
1-year follow-up. All statistical tests with a P value < 0.05 were consid-
ered significant.

results
Baseline characteristics for subjects according to baseline BMI 
class are listed in Table 1. Subjects who were initially classified 
as obese were significantly younger compared to both over-
weight and normal weight subjects. The percentage of male 
subjects was significantly higher in the overweight and obese 
groups. Overall, obese subjects presented with a poorer car-
diovascular risk profile in several respects, including a higher 
prevalence of hypertension, hyperlipidemia, diabetes, and 
tobacco use.

Table 2 lists the change in BMI according to classification 
at baseline. As expected, mean BMI was significantly different 
among normal weight, overweight, and obese groups at each 
of the assessment points. Normal weight subjects at baseline 
demonstrated no change in BMI at 12 weeks and a significant 
increase at 1-year follow-up. Overweight subjects at baseline 
demonstrated a significant decrease in BMI at 12 weeks and a 
significant increase at 1-year follow-up. Obese subjects at base-
line also demonstrated a significant decrease at 12 weeks while 
1-year follow-up BMI was comparable to baseline.

Immediately following CR, 89% of the subjects did not 
change BMI classification while 7% decreased to a lower class 
and 4% increased to a higher class. Compared to baseline 
data, 83% of the subjects had the same BMI classification at 
1-year follow-up whereas 7% decreased to a lower class and 
10% increased to a higher class. The distribution of subjects in 
the BMI classes was significantly different from the immediate 

table 1 Baseline characteristics

Normal weight 
(n = 1,075)

Overweight 
(n = 1,929)

Obese  
(n = 993) P value

Age (mean) 61.4 ± 10.6 60.4 ± 10.5 57.8a <0.001

Male (%) 72.7b 81.2 79.4 0.003

Diabetic (%) 12.7 11.9 23.0a <0.0001

Hypertensive (%) 48.8c 56.2c 66.5c <0.0001

Hyperlipidemia (%) 63.9b 71.3 73.9 <0.001

Current  
smokers (%)

18.7 19.8 24.3a 0.003

Congestive  
heart failure (%)

8.3 7.6 8.1 0.798

Renal failure (%) >1.0 1.0 1.2 0.557

COPD (%) 9.7 9.1 11.0 0.277

COPD, chronic obstructive pulmonary disease.
aObese subjects significantly different than overweight and normal weight sub-
jects. bNormal weight subjects significantly different than overweight and obese 
subjects. cAll three groups significantly different.
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post-CR assessment to 1-year follow-up due to a lower percent-
age of subjects maintaining baseline BMI class and a higher 
percentage shifting to a higher BMI class.

Table 3 lists peak eMET level at each assessment as well as 
the change in peak eMETs immediately following CR and at 
1-year follow-up according to baseline BMI class. The obese 
group demonstrated a significantly lower peak eMET level at 
all three assessments. However, all three groups demonstrated 
a significant increase in peak eMETs immediately after CR as 
well as at 1-year follow-up compared to baseline. Mean peak 
eMET improvement was significantly greater in normal weight 
subjects compared to overweight and obese subjects immedi-
ately following CR. Normal weight subjects at 1-year follow-up 
demonstrated the greatest improvement in aerobic fitness and 
best retention of those gains at 1-year follow-up, which was 
significantly greater than overweight and obese subjects. The 
peak eMET improvement in subjects initially classified as 
overweight by BMI was significantly better than obese subjects 
at 1-year follow-up.

At the start of CR, obese subjects reported a considerably 
lower volume of exercise time in comparison to those who 

were normal or overweight (Table 3). Immediately follow-
ing CR, self-reported weekly exercise volume was not differ-
ent across weight class, and, in fact, those who were obese 
had the greatest increase in exercise volume over baseline. 
However, at 1-year follow-up, self-reported weekly exer-
cise decreased vs. end of program completion, such that 
there were no gains relative to baseline regardless of start-
ing weight class, a difference which was the same across all 
weight groups. Baseline weight status was not associated with 
the proportion of exercise sessions attended: normal weight, 
obese, and overweight subjects all attended the same propor-
tion of sessions while enrolled in CR (72.0, 71.5 and 70.3%, 
respectively; P = 0.7420).

When assessing male (n = 3,288) and female (n = 709) sub-
jects separately, similar trends in retention of aerobic capacity 
gains were apparent in both subgroups with some sex-based 
differences. Change in peak eMET level from baseline to 
1-year follow-up in male subjects initially classified as normal 
weight, overweight or obese was 0.98 (±1.15), 0.84 (±1.10), 
and 0.72 (±1.16) eMETs, respectively. In male subjects, reten-
tion of fitness gains was significantly different across the three 

table 2 summary of baseline BMI and changes at 12 weeks at 1-year post cardiac rehabilitation according to baseline BMI

Normal weightb Overweightc Obesed

n = 1,075 (BMI: 18.5–24.9 kg/m2) n = 1,929 (BMI: 25.0–29.9 kg/m2) n = 993 (BMI: ≥30 kg/m2)

Baseline BMI (kg/m2)a 23.1 ± 1.4 27.3 ± 1.3 33.3 ± 3.2

BMI at 12 weeks (kg/m2)a 23.2 ± 1.5 27.1 ± 1.6 32.9 ± 3.4

BMI at 1-year follow-up (kg/m2)a 23.6 ± 1.8 27.5 ± 2.0 33.4 ± 3.7

Change in BMI: baseline to 12 weeks (kg/m2)a 0.02 ± 0.8 –0.17 ± 0.9 –0.37 ± 1.3

Change in BMI: baseline to 1 year (kg/m2)a 0.42 ± 1.2 0.23 ± 1.5 0.04 ± 2.0
aAll three groups significantly different (P < 0.01). bNormal weight group: no change from baseline to 12 weeks (P = 0.60), significant increase from baseline to 1 year (P < 
0.001). cOverweight group: significant decrease from baseline to 12 weeks (P < 0.001), significant increase from baseline to 1 year (P < 0.001). dObese group: significant 
decrease from baseline to 12 weeks (P < 0.001), no change from baseline to 1 year (P = 0.52).

table 3 summary of baseline exercise capacity, exercise time and changes at 12 weeks at 1-year post cardiac rehabilitation 
according to baseline BMI

Normal weightd Overweightd Obesed

n = 1,075  
(BMI: 18.5–24.9 kg/m2)

n = 1,929  
(BMI: 25.0–29.9 kg/m2)

n = 993  
(BMI: ≥30 kg/m2)

Baseline peak eMETsa 8.3 ± 2.0 8.2 ± 1.9 7.4 ± 1.9

Peak eMETs at 12 weeksa 9.3 ± 2.0 9.1 ± 1.9 8.3 ± 1.9

Peak eMETs at 1-year follow-upb 9.2 ± 2.2 9.0 ± 2.1 8.1 ± 2.0

Change in peak eMETs: baseline to 12 weeksc 1.00 ± 0.9 0.92 ± 0.9 0.87 ± 0.9

Change in peak eMETs: baseline to 1 yearb 0.95 ± 1.1 0.82 ± 1.1 0.69 ± 1.2

Time spent exercising at prescribed heart rate at baseline (min)a 153.3 ± 131.1 149.8 ± 128.2 123.5 ± 122.9

Time spent exercising at prescribed heart rate at 12 weeks (min)e 164.0 ± 92.3 168.6 ± 99.2 163.0 ± 94.8

Time spent exercising at prescribed heart rate at 52 weeks (min)a 150.0 ± 115.4 142.8 ± 116.3 121.2 ± 110.2

Change in exercise time: baseline to 12 weeks (min)f 10.2 ± 128.4 19.9 ± 130.3 39.3 ± 126.5

Change in exercise time: baseline to 52 weeks (min)g –3.1 ± 142.2 –7.7 ± 142.9 –2.1 ± 142.8

eMETs; estimated metabolic equivalents.
aObese group significantly less than normal weight and overweight groups (P < 0.001). bAll three groups significantly different (P < 0.05). cNormal weight group significantly 
greater than overweight and obese groups (P < 0.05). dSignificant increase in peak MET level following CR (12 weeks and 1 year) compared to baseline for all BMI groups 
(P < 0.001). eNo difference between groups (P = 0.2275). fAll three groups different (P = 0.0016). gNo difference between groups (P = 0.7302).
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BMI groups and greatest for those initially classified as nor-
mal weight (P < 0.05). Change in peak eMET level from base-
line to 1-year follow-up in female subjects initially classified 
as normal weight, overweight or obese was 0.87 (±1.08), 0.62 
(±1.13), and 0.55 (±1.12) eMETs, respectively. The retention 
of fitness gains in female subjects initially classified as normal 
weight was significantly greater than those initially classified as 
overweight or obese (P < 0.05).

At 1-year follow-up, 13% of the subjects initially classi-
fied as obese dropped to a lower BMI class (i.e., overweight 
or normal weight). The mean peak eMET improvement form 
baseline to 1-year follow-up was significantly greater for sub-
jects who decreased to a lower BMI class (1.2 ± 1.3 vs. 0.61 ± 
1.1 eMETs, P < 0.001). There was a correlation demonstrated 
between BMI and eMETs change from start to completion of 
CR, with similar correlations across weight classes: the more 
weight loss, the greater the improvement in eMETs (Figure 1). 
Considering 1-year data, the correlation between BMI loss and 
eMETs gained was strengthened, with the strongest correlation 
in subjects who started CR obese (Figure 2).

Using multiple binary logistic regression, female subjects 
were significantly more likely (odds ratio 1.4 (95% confidence 
interval: 1.1–1.8), P < 0.004) to gain weight and increase their 
BMI class at 1-year follow-up compared to males. Low fitness 
level and age were not significant predictors of an increase in 
BMI class (χ2 ≤ 2.5, P > 0.10).

dIscussIon
Consistent with previous findings (9), our results indicate 
a majority of patients entering CR present with excess body 

mass. However, regardless of baseline BMI, all subjects com-
pleting CR demonstrated considerable gains in fitness over the 
course of the 12-week program. Disappointingly, these gains 
were not consistently maintained at 1 year in subjects with 
excess body mass, particularly those classified as obese at base-
line. Given the importance of cardiovascular fitness in protect-
ing against recurrent events and death, this is an important 
finding with the increasing prevalence of obesity in subjects 
with CAD (14).

The majority of the cohort included in the present investiga-
tion demonstrated no change in BMI class immediately fol-
lowing CR participation, indicating substantial weight loss was 
not a primary benefit of this 12-week comprehensive lifestyle 
modification program. This latter finding is also consistent 
with previous research that supports the premise that modern 
day approaches commonly employed in CR are largely ineffec-
tive for weight loss (15,16). Perhaps a more novel and troubling 
finding is that mean BMI and the percentage of subjects pro-
gressing to a higher BMI class increased at 1-year follow-up, 
particularly in women. While the absolute change in BMI is 
small, it may be expected that subjects are likely to continue 
to increase in weight over the long term. These findings would 
indicate there is a greater likelihood of weight gain in the long 
term once patients complete a structured CR program and are 
expected to be independently compliant with lifestyle modifi-
cation. This observation is consistent with other studies dem-
onstrating substantial weight gain is common once a patient is 
diagnosed with CAD (17). Additionally, it appears that patients 
who experience weight loss during CR, even those initially 
classified as having a normal BMI, have an improved prognosis 
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compared to those who did not lose weight (18). Thus, efforts 
are required to facilitate meaningful weight loss during CR 
and at a minimum maintain these improvements in the long 
term following program completion. Future research should 
also be directed toward identifying patient characteristics that 
may predict a higher likelihood for long-term weight gain in 
order to focus greater attention on high-risk groups. There is 
emerging evidence to indicate meaningful weight loss is possi-
ble through individualized CR programming directed toward 
higher caloric expenditure and a negative caloric balance 
(8,19,20). Efforts to translate this evidence into clinical practice 
should continue, with future research focusing on strategies to 
ensure maintenance of weight loss achieved through CR in the 
long-term. Also of note, the current study found weight gain 
is greatest in subjects who have a normal BMI to start, perhaps 
indicating that weight maintenance education needs to be part 
of CR regardless of starting weight.

Previous investigations have found that, in general, preser-
vation of improved risk factor profile following CR is apparent 
at 12–18 month follow-up (21–23). While the present study 
indicates improvements in aerobic capacity following CR are 
possible both in the short and long term irrespective of BMI 
status, obese subjects start at a lower aerobic capacity and real-
ize smaller fitness gains immediately following CR, a finding 
consistent with previous investigations (24,25). A particularly 
novel finding of the current investigation is that obese subjects 
are more likely to lose gains in fitness over the long term. These 
trends were consistent for both male and female patients ini-
tially classified as obese. This is particularly disconcerting given 
the wealth of evidence demonstrating greater improvements in 
aerobic fitness equate to a more favorable prognostic profile, 

and that obesity remains associated with a poor cardiac risk 
profile even in very fit subjects (26,27). In addition, given the 
normally expected age-related decline in aerobic capacity, the 
fact that obese subjects were significantly younger compared to 
normal weight and overweight subjects in the current study is 
another reason for concern over the long-term prognosis. Our 
data on self-reported physical activity immediately after CR 
and at 1-year follow-up may serve as a plausible mechanism 
for the poorer retention of fitness gains and perhaps, an area 
for intervention. Immediately following CR, the self-reported 
volume of exercise was similar in normal weight, overweight 
and obese subjects, demonstrating that obese subjects respond 
well while under the direction of a CR program: all subjects 
attended the same proportion of exercise sessions, and exercise 
time equalized over weight categories by the time of CR com-
pletion. However, at 1-year follow-up, self-reported physical 
activity was significantly lower in subjects initially classified as 
obese. Additionally, other authors have shown that for similar 
amounts of physical activity obese subjects achieve lower lev-
els of fitness than normal weight subjects (28). Thus, it would 
appear the risk of poor exercise adherence and loss of CR 
benefits are greater in subjects who are obese. This has been 
demonstrated by other authors, who have shown that self-mo-
tivation is lower among obese subjects vs. normal weight, dem-
onstrating a potential role for ongoing structured intervention 
to improve physical activity compliance (11). Therefore, strate-
gies specifically directed toward obese subjects with CAD to 
help ensure and facilitate lifestyle modification compliance in 
the long term may be warranted.

Immediately following CR, Lavie and Milani (25) previously 
demonstrated obese subjects who lost weight demonstrated a 

Pearsons −0.1720 Pearsons −0.2717

Pearsons −0.2572

5
0

−5

Pearsons −0.3339

5
0

−5

−10 0
Difference in BMI at 52 weeks vs. baseline

D
iff

er
en

ce
 in

 e
M

E
T

s 
at

 5
2 

w
ee

ks
 v

s.
 b

as
el

in
e

Obese subjects

Normal weight subjects Over weight subjects

Overall

Difference in eMETs Fitted values

10−20 −10 0 10−20

Figure 2 Correlation between change in peak eMET level and BMI from baseline to 1-year follow-up according to initial BMI classification. eMET, 
estimated metabolic equivalent. All correlations P < 0.001.



2382 VOLUME 20 NUMBER 12 | dEcEMBER 2012 | www.obesityjournal.org

articles
intervention and Prevention

significantly greater improvement in aerobic capacity compared 
to obese subjects who did not lose weight, a finding confirmed 
in other investigations (29,30). Our findings are consistent in 
that subjects initially classified as obese who no longer met this 
criteria (i.e., BMI ≥30 kg/m2) at 1-year follow-up demonstrated 
a significantly greater peak eMET improvement compared to 
subjects who did not significantly reduce their body mass. 
The results of the present study, in conjunction with previ-
ous findings, highlight the importance of weight loss for both 
acute and long-term fitness gains following CR. There may, 
however, be some confounding evidence in this regard: there 
is considerable evidence that the addition of exercise training 
to a weight loss program improves weight maintenance (31). 
Thus, it is possible that subjects who maintain weight loss do 
so because of maintenance of physical activity, rather than 
vice versa. Regardless, there is a subset of obese subjects who 
demonstrate particular improvements through the course of a 
CR program, and what motivates them to achieve success and 
maintain it is of great interest. Evidence from weight loss trials 
demonstrates that longer interventions are necessary to make 
lifestyle changes (and weight loss) permanent, as the efficacy of 
short-term interventions is time limited (32).

Numerous investigations have previously demonstrated 
that patients with CAD who are classified as obese by BMI 
present with a more favorable prognosis compared to those 
in the normal weight BMI range (33). This phenomenon has 
been termed the “obesity paradox” and has raised questions 
over appropriate body mass status for the CAD population. 
It is clear that excess body weight increases the risk for the 
development of CAD and weight loss efforts are essential in 
the primary prevention setting (34). A commonality of studies 
supporting the obesity paradox in CAD is there was no distinc-
tion between unintentional and intentional weight loss. Ideally, 
CR induces intentional weight loss, which has been shown to 
produce numerous significant improvements in cardiovascu-
lar risk profile (35) and survival (18). Moreover, it appears the 
prognostic benefit gained through improved aerobic capac-
ity supersedes any potential benefit derived from excess body 
weight in patients with CAD (36–38). The results of the cur-
rent and previous (25) investigations indicate greater gains in 
aerobic capacity are realized in obese patients who lose a sig-
nificant amount of weight through CR. Given the important 
prognostic benefit of a high aerobic capacity in conjunction 
with no indication that intentional weight loss is detrimental, 
CR programs should strive to improve weight-loss strategies.

There are of course limitations to this study that must be 
noted. First, while BMI has certainly proven valuable as a 
measure of body habitus, other more specific measures of adi-
posity and their relationship to fitness gains may provide addi-
tional insight. Unfortunately, we did not have percent-body fat 
data collected in subjects included in the current analysis, and 
hence are unable to detect improvements in body composition 
which may be significant (39). Future investigations should be 
conducted to compare the ability of BMI and other measures 
of body habitus to reflect fitness gains in patients participat-
ing in CR. In addition, aerobic capacity was estimated from 

treadmill speed and grade as opposed to directly measured by 
ventilatory expired gases, introducing the likelihood of some 
error in our quantification of fitness level. Even so, numerous 
investigations have demonstrated the clinical utility of meas-
uring aerobic capacity in this fashion (7). Inclusion of sub-
jects in the current study was dependent upon return for their 
1-year follow-up assessment, introducing the potential for 
selection bias. It is plausible to speculate that subjects failing 
to return for their 1-year follow-up would have different reten-
tion of fitness characteristics irrespective of BMI classification. 
Therefore, the results of the present study must be interpreted 
with some caution in the sense that they may not reflect fitness 
retention patterns of the entire CAD population participating 
in CR. Even so, given the fact that our findings regarding the 
interaction between fitness gains and BMI are consistent with 
previous investigations lends validity to the supposition that 
obese patients, reflected by BMI, enter CR with a lower fitness 
level, have diminished fitness gains immediately following CR, 
and are more likely to lose fitness gains in the long term.

In conclusion, the results of the current study support the 
broad application of CR to patients with CAD irrespective of 
baseline status. Specifically, significant fitness gains, one of 
the primary beneficial outcomes of CR, can be obtained by all 
subjects irrespective of baseline BMI classification. However, 
obese patients present with a lower baseline fitness level, have 
an attenuated gain in aerobic capacity immediately following 
CR and are more likely to “give back” those fitness gains in the 
long term. Though currently infrequent, obese patients who 
are able to lose a significant amount of weight may not suffer 
the same fate. Therefore, obese patients with CAD who enter 
CR may benefit from additional interventions to facilitate 
weight loss and improve exercise compliance with the hopes 
of improving fitness gains and preventing the loss of positive 
adaptations facilitated by CR in the long term.
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