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Abstract
Background Peak oxygen uptake (VO2) testing is com-
monly used to assess chronic heart failure (CHF) patients’
exercise tolerance. The test requires maximal effort;
however, many participants have low confidence (self-
efficacy) to perform optimally.
Purpose This randomized controlled trial examined the
effectiveness of a modeling intervention to increase Peak
VO2 (PVO2) and self-efficacy in people diagnosed with
CHF.
Methods Twenty participants with a diagnosis of CHF were
randomized to either an intervention (modeling DVD) or a
control group. Both groups completed a measure of self-
efficacy prior to performing two PVO2 tests, each separated
by 7 days. After completing the first test (T1) the

intervention group watched a 10-min coping model DVD.
All participants returned 1 week later (T2) to complete
identical study procedures.
Results Analysis of covariance results showed that com-
pared with the participants in the control group, those
assigned to the modeling intervention had higher PVO2 at
T2, F (1, 19)=4.38, p=0.05, ή2=0.21 and self-efficacy, F
(1, 19)=5.80, p<0.05, ή2=0.25. Only partial support was
found for change in self-efficacy mediating treatment
outcome (PVO2).
Conclusions Watching a modeling video is associated with
increased PVO2 and self-efficacy. These results have
implications for testing patients in a clinical setting to
maximize exercise tolerance test results.
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Introduction

Chronic heart failure (CHF) is a progressive disorder of left
ventricular remodeling resulting in impaired cardiac pump
function and is associated with decreased exercise toler-
ance, increased hospital admissions, reduced quality of life,
and high mortality [1–3]. The etiology of CHF is varied,
including acute myocardial infarction, acute inflammation,
valvular heart disease, and idiopathic [3].

Peak oxygen uptake (PVO2) is defined as the oxygen
consumption at peak exercise and provides reliable
information of exercise tolerance and prognosis in indi-
viduals with CHF [4, 5]. PVO2 has been shown to be
related to measured functional performance (6-min walk
test and questionnaires as well as health-related quality of
life [6].
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Exercise testing combined with assessment of gaseous
exchange parameters is used to assess PVO2. Maximal
effort is required as individuals must exceed their anaerobic
threshold since PVO2 does not correlate with hemodynamic
factors during rest [5]. Despite this, adequate data may not
be recorded because individuals are apprehensive, unfamil-
iar with the procedures, and anxious about producing
symptoms, which results in them not reaching their
anaerobic threshold [5].

Self-efficacy is an important psychosocial determinant of
exercise behavior in both clinical and nonclinical popula-
tions [7–10] and refers to an individual’s beliefs in his/her
capabilities to execute the necessary courses of action to
satisfy situational demands [11]. Self-efficacy is theorized
to influence the activities that individuals choose to
approach, the effort expended on such activities, and the
degree of persistence demonstrated in the face of adverse
stimuli [11, 12].

An important source of self-efficacy is modeling or
observational learning [13], which typically involves
watching others perform a task or behavior. Modeling has
been shown to be a powerful instructional tool for acquiring
motor skills, altering psychological responses, and chang-
ing behavior in both physical activity [14] and injury
rehabilitation [15] contexts. Despite this evidence, model-
ing as an intervention has received limited attention in the
realm of cardiac exercise testing. To the best of our
knowledge, there are no randomized controlled trials
(RCT) evaluating the effectiveness of a modeling interven-
tion to increase PVO2 and self-efficacy and in people with
CHF. The primary purpose of this study was to examine the
effect of a modeling intervention (DVD) on Peak VO2 and
self-efficacious expectations in people with CHF during a
maximal treadmill test. A second purpose was to investigate
whether self-efficacy served to mediate relations between
the modeling intervention and PVO2. Most RCT interven-
tion studies do not measure mediating variables, and
priority should be placed on research that enhances our
understanding of the underlying mechanisms for why our
interventions work [16, 17].

Materials and Methods

Participants Recruitment and Demographics

Adults living in Auckland, New Zealand were eligible if
they were aged between 18 and 65 years, able to give
written informed consent, clinically documented and
stable, New York Heart Association (NYHA) class II or
III heart failure, and were able to communicate in
English. Potential participants were excluded if they were
admitted to hospital within the previous 6 weeks, had a

cardiac transplant expected in the next 6 months, had a
surgical remediable cause of heart failure, had a fixed
rate pace maker, were not able to provide informed
consent, had terminal cancer, were participating in any
other clinical trials, or had exercise limitations other than
heart failure (i.e., osteoarthritis).

Twenty-two participants (78% male) diagnosed with
CHF (mean age=64.77 years±13.04) were recruited from
a Metropolitan Hospital in the Auckland region of New
Zealand (NZ). One participant died from unrelated causes
and one was unable to continue in the study due to their
condition worsening, resulting in 20 participants providing
complete data. Combination therapy (nitrates, diuretics,
and, beta-blockers) was used in all patients.

Measures

Peak VO2

A standardized exercise testing (ramp) protocol was
implemented to assess Peak VO2 [5]. All testing was in
accordance with American College of Sports Medicine [18]
guidelines for exercise testing in patients with heart failure.
Peak VO2 was expressed in absolute (l/min) and relative
(ml/kg/min) units with the latter unit used for subsequent
analysis.

Self-Efficacy

Self-efficacy was assessed using a scale adapted from the
Self-Efficacy Scale [19]. Participants rated their confidence
to walk during a Peak VO2 test for increasing periods of
time (i.e., 2, 4, 6, 8, 10, and 12 min) at three intensities (i.e.,
easy, moderate, and hard). A key was provided to define the
various intensity levels. An example of one of the state-
ments used was “I believe that I can walk for 2 minutes at
an easy pace without stopping”. Mean scores were
calculated with higher values indicating greater efficacy to
walk for longer duration and greater intensity. Cronbach’s
alpha was acceptable at both time points (T1 α=0.95 and
T2 α=0.96).

Intervention

A behavioral modeling DVD (10 min duration) was
developed by the first two authors detailing model’s
responses before, during, and after the PVO2 test. The
DVD consisted of edited interviews and various action
shots of CHF patient models (two males and two females)
performing a PVO2 test. Models demonstrated and verbal-
ized increased confidence to perform the test and offered a
variety of strategies to cope with the maximal effort and
overcome the associated discomfort during the test (e.g.,
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shortness of breath, sweating, increased heart rate). Em-
phasis was placed on strategies the models used (i.e.,
attention control, breathing regulation, goals, cue words) to
focus their efforts during subsequent tests.

Interspersed with the role model presentation were
vignettes with a cardiologist, which outlined the purpose
of a PVO2 test, the importance of the diagnostic informa-
tion, and the need for people to push themselves to their
maximum. Information was also provided regarding proce-
dural safety and the body’s responses to exercise. Convey-
ing this type of information represents standard practice for
cardiologists in preparing heart failure patients for this test
and participants in the control condition received this
content verbally.

Study Design and Procedure

A randomized controlled trial was conducted with partic-
ipants assigned to either an intervention group (modeling
DVD; n=10) or a control group (no DVD; n=10) via a
central computer randomization service. The study protocol
and related documents were approved by the Northern
Regional Ethics Committee. Each participant attended two
1 h sessions at the hospital for PVO2 tests 1 week apart (T1
and T2). Prior to the first test (T1), a trained research
assistant provided a verbal and written explanation of the
study and obtained informed consent. Participants complet-
ed a demographic (see Tables 1 and 2) and the self-efficacy
measure. Exercise testing was preformed on a treadmill
(Sensormedics 2000 series) using a standardized ramp
protocol. Although all participants had experience of
treadmill cardiac stress testing, a familiarization period of
15 min was used, which also served to provide participant’s
walking speed.

A qualified cardiopulmonary medical technician fitted
each participant with a four lead EKG (GE, Cardiosoft,
Germany), pulse-oximeter, and an oxygen flow sensing
mouthpiece (Sensormedics, Vmax 22 Series). The flow
sensor was calibrated twice with the following gas
percentages: calibration 1—26% O2 in nitrogen and
calibration 2—4% carbon dioxide and 16% O2 in nitrogen.

Participants sat for 5 min while baseline rest measure-
ments were recorded (i.e., heart rate, O2 saturation, O2

consumption, and heart rate). Once completed, participants

began walking at their ‘brisk walking pace’. Consistent
with the ramp protocol, the incline of the treadmill was
increased by 2% after each minute, and the test continued
until patients either reached volitional fatigue or PVO2 was
achieved. Care was taken to ensure that patients exceeded
their anaerobic threshold so PVO2 could be established;
therefore, the respiratory exchange ratio (RER) had to
exceed 1.0 to indicate adequate effort. On completion of the
test, participants indicated their reason for stopping and
were asked to rate their perceived exertion on a scale from
0–10 [20]. Heart rate and EKG were recorded continuously
and gas-exchange variables were recorded using breath by
breath analysis. No participants completed the full ramp
protocol (duration 13 minutes) at T1 due to either shortness
of breath or muscle fatigue, while four completed the
protocol at T2.

Following the test, those in the intervention group
watched the modeling DVD (intervention) and were given
a brochure that summarized the key points of the DVD.
Participants were then asked to set and record a goal to
achieve for the following test. Goals were specific to the
test (i.e., time on the treadmill, PVO2). All participants
returned 1 week later (T2) and underwent identical
procedures. Prior to the second exercise test, the interven-
tion group was asked to recall the information (i.e., use of
strategies proposed by the model) from the DVD and their
specific goals. The self-efficacy measure was administered
at this time. The control group followed identical proce-
dures but did not watch the DVD, receive the brochure, or
set goals. All participants were asked not to change their
normal physical activity patterns during the week.

Table 1 Descriptive statistics: patient demographic and clinical
variables

Variable Mean SD

Age (years) 63.80 12.93
Height (m) 1.72 0.89
Weight (kg) 85.50 13.56
Ejection fraction (%) 31.84 8.36

Table 2 Descriptive statistics: patient demographic and clinical
variables

Variable n (%)

Gender Male 15 (75%)
Female 5 (25%)

Ethnicity NZ European 57%
NZ Maori 21%
Pacific 9%
Other 13%

Employment Fulltime 2 (15%)
Part-time 1 (5%)
Retired 13 (65%)
Beneficiary 3 (15%)

Smoking status Never 9 (45%)
Ex-smoker 9 (45%)
Current 2 (10%)

NYHA classification II 13 (65%)
III 7 (35%)

Etiology Ischemic 8 (40%)
Ideopathic 5 (25%)
Viral 4 (20%)
Alcohol 3 (15%)
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Power Calculation

With respect to PVO2, it was anticipated that a difference of
at least 1.5 ml.kg.min−1 (standard deviation (SD)=1.0 ml.
kg.min−1) would be demonstrated between those in the
intervention and control [4, 21]. It was calculated that
approximately seven participants in each condition (mod-
eling vs. control) would be needed to provide power of
80% (alpha=0.05) and to detect a large effect size (0.40)
[22].

Results

Treatment of the Data

To address the main hypothesis, a one-way (intervention vs.
control) analysis of covariance (ANCOVA) was performed
on PVO2 and self-efficacy. Preintervention (T1) PVO2 and
self-efficacy served as covariates to remove the variance in
respective postintervention scores thereby increasing the
power and sensitivity of the F test [23]. Prior to conducting
these analyses, the assumptions underlying the use of
ANCOVA were tested and satisfied [24]. The alpha level
for the ANCOVA analyses was 0.05, with effect sizes
reported (eta-square ή2).

Peak Oxygen Uptake

Descriptive data are presented in Table 3. Baseline
imbalance existed for relative PVO2, F (1, 18)=5.58;
p=0.03, but not for absolute PVO2, F (1, 18)=3.09;

p=0.09. ANCOVA results showed significant differences
in PVO2 (ml.kg.min−1) at T2, F (1, 19)=4.38, p=0.05,
ή2=0.21. Specifically, PVO2 values were higher for the
intervention group (adjusted mean=22.46) compared to the
control group (adjusted mean=19.95). The intervention
group improved (from T1 to T2) PVO2 by 6.3% compared
to the control who decreased by 1.3%.

Self-Efficacy

Descriptive data are presented in Table 3. Results revealed
significant differences in self-efficacy scores at T2, F (1,
19)=5.80, p<0.05, ή2=0.25. Adjusted mean values show
the intervention group had higher self-efficacy scores
(67.74) compared to the control group (48.96). The
intervention group improved self-efficacy (from T1 to T2)
by 28.6% compared to the control group which improved
by 1.5%.

Test for Mediation

In accordance with the recommendations of Kraemer et al.
[17] for testing mediators of treatment effects in random-
ized clinical trials, a hierarchical regression was conducted
with posttreatment (T2) PVO2 serving as the criterion
measure. According to Kraemer et al., a mediator would
have to “measure an event or change occurring during
treatment, and then, it must correlate with treatment choice,
hence possibly be a result of treatment, and have either a
main or interactive effect on the outcome” (p. 879). This
approach differs from that proposed by Baron and Kenny
[25] who suggested a mediator directly influences the

Table 3 Descriptive statistics of the participants’ characteristics

Variable Intervention (n=10) Control (n=10) Total (n=20)

Mean SD Mean SD Mean SD

PVO2 ml.kg−1.min−1 (T1) 24.26 8.97 16.83 4.29 20.54 7.84
PVO2 ml.kg−1.min−1 (T2) 25.79 8.33 16.62 4.53 21.20 8.05
PVO2 l.min−1(T1) 2.05 0.91 1.48 0.46 1.76 0.76
PVO2 l.min−1 (T2) 2.15 0.72 1.45 0.46 1.80 0.69
RER (T1) 1.04 0.11 0.98 0.14 1.01 0.13
RER (T2) 1.02 0.12 1.03 0.12 1.02 0.11
Grade % (T1) 14.60 4.90 9.20 5.43 11.90 5.75
Grade % (T2) 17.20 5.43 11.80 5.77 14.50 6.12
Duration (T1) 8.30 2.45 5.60 2.72 6.95 2.87
Duration (T2) 9.60 2.71 6.85 2.96 8.22 3.10
RPE (T1) 5.90 1.97 5.20 1.48 5.55 1.73
RPE (T2) 6.10 1.29 5.80 1.93 5.95 1.61
Self-efficacy (T1) 54.78 27.92 45.53 26.13 50.15 26.74
Self-efficacy (T2) 70.47 19.59 46.22 26.14 58.35 25.69

All data presented are raw and uncorrected
PVO2 Peak VO2, T1 time 1 (baseline), T2 time 2, RER respiratory exchange ration, RPE perceived exertion
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outcome (main effect only). More important, directionality
determines whether a variable is a mediator or moderator of
treatment; mediation must occur during treatment. This
approach to assessing mediation has particular relevance to
the randomized controlled trial and was the rationale for
adopting Kraemer et al.’s recommendations.

It was hypothesized that the intervention would increase
PVO2 and result in an increase in self-efficacy (change).
Change in self-efficacy would be the mechanism for the
interventions effect (mediation). Variables were entered in
the following order: step 1—intervention (condition), step 2—
change in self-efficacy (T1 to T2), step 3—the interaction
term, intervention×change in self-efficacy. Support for
mediation is found when the mediator and/or interaction term
can explain significant amounts of additional treatment
outcome variance (step 2 and/or 3). Results showed that the
intervention significantly predicted (R2=0.34) posttreatment
PVO2 at step 1, F(1,18)=9.35, p=0.007. Results at step 2
showed that self-efficacy change increased the R2 by 10%, F
(1,17)=3.04, p=0.10. When the interaction term was added
(step 3), the change in R2 increased by a further 10%, F
(1,16)=3.60, p=0.07.

Discussion

This randomized controlled trial evaluated the effectiveness
of a modeling intervention on PVO2 and self-efficacy in
CHF patients. Compared with participants in the control
group, those assigned to the modeling (DVD) intervention
had higher PVO2 and self-efficacy scores. Results also
showed that a modeling intervention was effective in
increasing both PVO2 and self-efficacious beliefs. Physio-
logically, one would not expect to find difference in
PVO2 over a period of 1 week. Our findings showed that
the intervention group increased their PVO2 by 6.3% while
the control group decreased their PVO2 by 1.3%. It is
plausible that measurement error exists with VO2 testing;
however, one would expect this to be similar for both
groups; therefore, these results suggest that the CHF
patients did not achieve their true PVO2 after the first test,
and opportunity exists to maximize these outputs through
intervention.

Baseline imbalances did exist between both groups for
relative PVO2 (ml/kg/min) but not for absolute PVO2 (l/min).
Because participants were randomized to the respective
treatment groups, these differences can be considered ran-
dom. In small studies especially, randomization may not
yield entirely comparable groups and differences in one or
more variables may exist [26]. Identified imbalances,
however, do not invalidate these findings as any imbalance
can be controlled for using appropriate adjusted analysis. In
this case, an ANCOVA was used to adjust for baseline

imbalance. Adjustment reduces the variance in the test
statistic and because the covariates were highly correlated
(r=0.95) with the outcome, this produces a more sensitive
analysis [26].

Changes in PVO2 are also clinically significant. In a
situation in which one compares the clinical consequences
experienced by two patients (as with an RCT), the effect
size called area under the Receiver Operating Curve (AUC)
can be used. AUC is the probability that the T patient has a
treatment outcome preferable to the C patient [27]. Based
on the adjusted mean values of PVO2, a Cohen’s d effect
size of 0.5 was calculated and is equivalent to an AUC of
0.638. Because the AUC ranges from 0–1, a value of 0.638
indicates that those exposed to a modeling DVD were more
likely to have an outcome better than those who did not. In
short, adequate preparation of participants before treadmill
testing using this and similar interventions has the potential
to ensure individuals provide a true indication of their
PVO2.

The modeling intervention was associated with a 28.6%
increase in self-efficacy for the treatment group suggesting
that in this population, modeled attainment is a powerful
source of self-efficacious beliefs. Social cognitive theory
posits that previous mastery experience is the most
powerful source of self-efficacy [13]; however, in this
study, self-efficacy scores increased modestly (1.5%) from
T1 to T2 in the control group suggesting that previous
mastery experiences may not be sufficient to provide the
resources required to augment efforts during subsequent
maximal testing. These findings suggest that standard
pretest education and familiarization procedures may be
inadequate to impart the confidence required to perform a
maximal effort in CHF patients, resulting in an unsatis-
factory test result. Indeed, additional information such as
provided in the DVD may be required to provide
individuals with specific coping strategies to deal with
the discomfort and symptoms experienced during a
maximal effort.

A second aim of this study was to examine whether
self-efficacy served to mediate relations between the
intervention and PVO2. Following Kraemer et al.’s recom-
mendations [17] for testing mediators in randomized
clinical trials, the conditions for mediation were partially
met. Although change in self-efficacy and the interaction
term both contributed 10% of additional variance in postin-
tervention PVO2, respectively, these incremental amounts
of variance were statistically nonsignificant. The interaction
term (step 3) did approach statistical significance (p=0.07)
and was suggestive of mediation. This result is most likely
a function of insufficient power (i.e., small sample) rather
than self-efficacy being a poor mediator. Overall, these
findings suggest that increasing participant’s self-effica-
cious beliefs to walk for longer periods of time at a greater
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intensity is likely to result in a maximal effort, thereby
reflecting true PVO2. Mediator effects should be considered
in evaluating future trials, and formal tests should be
conducted on the premise that the treatment effect would be
increased by appropriate manipulation of this mediator
[17].

This study is not without limitations. The most notable is
the small sample size which included patients with a
NYHA functional class of II or III and stable heart failure,
and, therefore, these results can not be generalized to other
grades of heart failure or to other cardiac conditions.
Participants in the control condition were not exposed to
the goal setting intervention, which may suggest that this
component of the intervention resulted in the change in
PVO2, rather than role modeling. Although this effect
cannot be ruled out, it is unlikely given the brief nature
of this component. Future studies may choose to examine
the separate components of the intervention. These
findings nevertheless build on a growing body of
evidence supporting the effectiveness of modeling as an
intervention in rehabilitation [15, 28]. While our own
modeling work continues in the area of smoking cessation,
investigation of this type of intervention with other clinical
populations (i.e., pulmonary disease, stroke, and diabetes)
would be valuable.

In conclusion, watching a modeling video is associated
with increased PVO2 and self-efficacy. Only partial support
was found for change in self-efficacy mediating treatment
outcome (PVO2). These results have implications for
testing patients in a clinical setting to maximize exercise
tolerance test results.
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