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Abstract

Background Heart Failure is a leading cause of mortality among older adults. Engaging in regular exercise at mod-
erate-to-vigorous intensity has been shown to improve survival rates. Theory-informed methodologies have been
recommended to promote exercise, but limited application of theoretical framework has been conducted for under-
standing racial disparities among older adults with heart failure. This study aimed to use the Health Belief Model

to compare exercise behavior determinants between Black and White older adults diagnosed with heart failure.

Methods The HF-ACTION Trial is a multi-site study designed to promote exercise among individuals with heart failure
that randomized participants to an experimental (three months of group exercise sessions followed by home-based
training) or control arm. The present study used structural equation modeling to test the change in Health Belief
Model constructs and exercise behavior across 12 months among older adults.

Results Participants (n=671) were older adults, 72.28 (SD=5.41) years old, (Black: n=230; White, n=441) diagnosed
with heart failure and reduced ejection fraction. The model found perceived benefits, self-efficacy, perceived threats,
and perceived barriers to predict exercise behavior among Black and White older adults. However, among these
constructs, only perceived benefits and self-efficacy were facilitated via intervention for both races. Additionally,

the intervention was effective for addressing perceived barriers to exercise only among White participants. Finally,
the intervention did not result in a change of perceived threats for both races.

Conclusions Among health belief model constructs, perceived threats and barriers were not facilitated for both races
in the experimental arm, and the intervention did not resolve barriers among Black older adults. Racial differ-

ences need to be considered when designing interventions for clinical populations as future studies are warranted

to address barriers to exercise among Black older adults with heart failure.
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Heart Failure (HF) is one of the leading causes of death
among older adults in the United States [1]. Among
several preventive measures, engaging in regular physi-
cal activity has consistently demonstrated to be benefi-
cial for individuals with HF [2]. A review by Ades et al.,
2013 found individuals with HF who exercised regularly
demonstrated an increase in exercise capacity, decrease
in clinical symptoms, improvement in quality of life, and
risk reduction for future clinical events. Despite these
convincing benefits, exercise participation rates among
older adults with HF remains low [3]. Understanding
the reasons why patients with HF forego their exercise
routine can be traced to examining psychosocial fac-
tors, which have shown disparities between races. For
example, at the behavioral level, there is evidence that
Black individuals participate in lower levels of physical
activity when controlling for social contextual factors
[4] that likely contribute to exacerbating the risk of car-
diac events incidence, prevalence, and recovery. At the
social level, cardiac rehabilitation among Black individu-
als with HF is less utilized due to access barriers, lack of
referral by healthcare providers, awareness or perceived
benefits of cardiac rehabilitation, implicit biases, and low
adherence to cardiac rehabilitation [5-7]. These find-
ings have become salient in the literature, and hence,
there have been recent calls to assess putative individual
and social determinants that explain racial disparities
in order to prevent and manage HF among Black indi-
viduals [8—10]. Identifying racial disparities that exist at
the behavior level are best understood when employing
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Fig. 1 Schematic of structural equation model with hypothezied effects
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theory-informed models that comprise behavior change
determinants.

Utilizing health behavior theories in clinical popula-
tions can yield findings that are informative for improv-
ing evidence-based factors that need to be modified [11].
Moreover, applying and testing health behavior models
can improve the effectiveness of interventions by increas-
ing the comprehensive interpretation of constructs that
are pivotal for promoting health behavior change. Spe-
cifically, theory-based analysis provides predictive effect
sizes relative to other determinants, as all constructs in
the analysis control each other’s effects. This type of anal-
ysis also allows us to rank and prioritize each theoretical
construct when designing an intervention study. Among
established theoretical models, the Health Belief Model
(HBM) [12] can be informative for identifying racial dis-
parities in exercise participation as it comprises several
putative behavioral constructs that include perceived
benefits, barriers, threats, and self-efficacy (Fig. 1). These
constructs function as important intrapersonal factors
for shaping healthy behaviors with each having a theo-
retical and conceptual interpretation [12]. For example,
perceived benefits reflect the extent to which the individ-
ual believes that engaging in exercise would be healthy.
Self-efficacy represents the individual’s level of confi-
dence in performing exercise. Perceived barriers identify
challenges and obstacles that would impede behavioral
enactment. Finally, perceived threat assesses fears and
consequences that would manifest when not perform-
ing behavior. The HBM would be insightful for identi-
fying potential disparities in behavioral determinants

Exercise
Behavior



Kaushal et al. BMC Geriatrics (2023) 23:614

between Black and White older adults when participants
are placed in the same context or large randomized con-
trolled trial, such as The Heart Failure: A Controlled
Trial Investigating Outcomes of Exercise Training (HE-
ACTION) [13].

The HF-ACTION trial is an international multicenter,
randomized controlled trial that aimed to promote exer-
cise among individuals who were diagnosed with left
ventricular ejection fraction<35% and have heart fail-
ure symptoms for at least six weeks, based on the New
York Heart Association (NYHA) class II to IV symptoms
[13]. The HF-ACTION study remains one of the largest
clinical trials that focused on promoting exercise training
among individuals with NYHA class II to IV HF. The ran-
domized controlled study design provides optimal data
for investigating potential disparities that exist between
Black and White older adult patients with HF. Hence, the
purpose of this study was to use the HBM to compare
exercise determinants between Black and White older
adults with HF in the HF-ACTION trial with proposed
hypothesized pathways depicted in Fig. 1. Specifically, it
was hypothesized that HBM constructs including per-
ceived benefits (H1), barriers (H2), threats (H3), and self-
efficacy (H4) as determinants to exercise behavior would
not differ between Black and White older adults with HE.
It was also hypothesized that the HF-ACTION interven-
tion would be effective in facilitating perceived benefits
(H5) threats (H6), and self-efficacy (H7). However, given
that the exercise program was not specifically designed
for older adults, as it included all adults, we hypothesized
that perceived barriers (H8) related to older adult charac-
teristics would not be addressed for both races.

Method

Participants and intervention

The HF-ACTION trial is an international multi-site ran-
domized controlled trial that randomized participants
to an exercise training group or usual care. Those ran-
domized to the exercise arm attended 3 group exercise
sessions/week for three months that primarily focused
on aerobic exercises. Participants fully transitioned to
home-based exercise program after completing 36 ses-
sions, where they received a treadmill or exercise bike
and a heart rate monitor. Participants were instructed to
exercise for 40-min sessions, five times/week, at a heart
rate of 60-70%. Additional methodological details can
be found in the protocol paper [13]. The study received
approval from the respective Institutional Review Boards
and all participants provided voluntary consent [13]. All
data used from this study is stored at the National Heart,
Lung, and Blood Institute and the Biologic Specimen and
Data Repository (BioLINCC) accessible at https://bioli
ncc.nhlbi.nih.gov/home and uses data from the most
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recent updated dataset (February 3, 2020). For the pur-
pose of the present study, we used data of participants
(n=671) from the HF-ACTION trial who were older
adults (age+65 years old) and self-identified as Black or
White. The investigation for the present study has been
approved by the University’s research board (masked).

Measures

The following measures, which include exercise behavior,
perceived benefits, self-efficacy, perceived barriers, and
perceived threats represented core model constructs that
were collected during the study at baseline and at month
12. Shortness of breath and social support were collected
at baseline, and these variables functioned as covari-
ates that controlled for model effects. The HF-ACTION
study was not designed to test the HBM, but the original
investigators employed standardized measurements that
assessed behavioral-level variables. Some of the admin-
istered scales were congruent with HBM constructs
such as exercise behavior, and self-efficacy. Other model
constructs that include perceived benefits, barriers, and
threats were measured by selecting items from other
validated scales. Reliability tests (internal consistency)
was performed where applicable. Additional details are
described below.

Exercise behavior

Exercise behavior was assessed using the International
Physical Activity Questionnaire (IPAQ). The IPAQ is a
validated and one of the most commonly used scales to
assess physical activity behavior [14]. The present investi-
gation focused on exercise performed both at a moderate
and vigorous level, consistent with previous work on ben-
efits of this intensity.

Perceived benefits

Perceived benefits were assessed using selected items
from the Decisional balance scale [15]. In alignment with
the definition [12] from the HBM theory, the following
items were used to assess perceived benefits, “I would
have more energy for my family and friends if I exer-
cised regularly”; “Regular exercise would help me relieve
tension”; “I would feel more confident if I exercised
regularly”; “I would feel good about myself if I kept my
commitment to exercise regularly”; “I would like my body
better if I exercised regularly”; “It would be easier for me
to perform routine physical tasks if I exercised regularly”;
“I would feel less stressed if I exercised regularly”; “I
would feel more comfortable with my body if I exercised
regularly”; “Regular exercise would help me have a more
positive outlook on life”. The scale demonstrated strong

internal consistency (Cronbach alpha=0.88).
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Self-efficacy

Self-efficacy was measured using the Exercise Self-
Efficacy [16]. The item was worded as follows: “The
items listed below are designed to assess your beliefs in
your ability to continue exercising on a three time per
week basis at moderate intensities (upper end of your
perceived exertion range), for 40+ minutes per ses-
sion in the future” Items were framed on a percentage
Likert scale that ranged from Not at all confident (0%)
to highly confident (100%). Three items were found to
yield strong internal consistency (0.98), that included
I am able to continue to exercise three times per week
at moderate intensity, for 40 + minutes without quitting
for the NEXT, i. week, ii. Two weeks, iii. three weeks.

Perceived barriers

Time is one of the most commonly reported barriers
to exercise among older adults [17]. Time was meas-
ured using an item from the Decisional Balance Scale
[15]. Participants were presented with the following
question “Regular exercise would take too much of my
time”, followed by 5-point Likert scale that ranged from
1 =strongly disagree to 5=strongly agree.

Perceived threats

A commonly reported threat that can be improved by
exercise among individuals with HF is fatigue. Support-
ing this finding and consistent with definition, perceived
threats was assessed using items to reflect perceived sus-
ceptibility and severity of experiencing fatigue from a val-
idated questionnaire [18] such as, “Over the past 2 weeks,
how much has your fatigue bothered you?” followed by a
six-point Likert scale that ranged from “extremely both-
ersome to I've had no fatigue”

Shortness of breath

Shortness of breath was assessed by administering the
Kansas City Cardiomyopathy Questionnaire, which is
specifically designed to assess the health status of indi-
viduals with heart failure. The present study assessed
items related to shortness of breath, which included,
“Over the past 2 weeks, how much has your shortness
of breath bothered you?’; and “Over the past 2 weeks, on
average, how many times have you been forced to sleep
sitting up in a chair or with at least 3 pillows to prop you
up because of shortness of breath?”. Overall the question-
naire demonstrates strong psychometric properties [18].
The internal consistency for this measure was 0.79.

Social support
The Multidimensional Scale of Perceived Social Sup-
port is a 12-item measurement that assesses an
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individual’s support with regards to family, friends and
significant other that are framed on a 7-point Likert
scale. Examples of items include, “There is a special
person who is around when I am in need’, “I can talk
about my problems with my family”, and “I can count
on my friends when things go wrong” The instrument
has demonstrated good test—retest reliability and sound
construct validity [19] and revealed a Cronbach alpha
of 0.95 for the present study.

Analysis

Demographic data for the HF-ACTION trial has been
previously reported [13]. Descriptive statistics for the
model and bivariate correlations were computed using
SPSS v. 28.0 [20]. The model was tested by constructing
two sets of structural equation models equation mod-
eling using IBM SPSS AMOS 22.0 [21] using full-infor-
mation maximum likelihood estimation [22]. The model
included pathways from each HBM construct to MVPA
(exercise behavior) to identify if there were between race
differences in the requirements to engage in exercise.
This was followed by extending pathways from the treat-
ment group variable (experimental vs. control) to each
HBM determinant, to identify if there were racial dis-
crepancies in the development of each HBM construct.
Visualization of effect sizes in the model were depicted
as a Sankey diagram using the Sankey package [23]
and Matplotlib plotting library for Phyton [24]. Given
that our hypotheses tested change in HBM constructs
across 12 months, change (or residual) scores for model
items were computed by regressing each item value at
12 months on its baseline value, which is a well-docu-
mented approach to computing model change [25-27].
The model controlled for shortness of breath, which is a
commonly reported symptom among HF patients when
exercising, and their perceived social support, which
could influence their participation levels. Group analy-
sis feature (Black vs. White) was used to test pathways
for each of the two groups in AMOS. Model fit indices
were assessed by commonly reported parameters that
include Hu and Bentler’s two-index presentation strat-
egy (1999), which states that the standardized root mean
square residual (SRMR) value should be less than 0.09
and that the comparative fit index (CFI) should be greater
than or equal to 0.90 [28]. Model fit was also assessed by
observing an additional set of recommended parameters
[29], which included Tucker-Lewis Index (TLI) having
value greater than 0.95 for strong fit [30] and root mean
square error of approximation (RMSEA) value lower than
0.05 for strong, or less than 0.08 for acceptable fit [30].
Path effect sizes were reported using standardized beta
coefficients.
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Results

Data was included from Black and White older adults
(age 65+) who had completed data, which of the
2,331 participants yielded 230 Black and 441 White
individuals. Participants were 72.28 (SD=5.41) years
old and reported engaging in an average of 169 min
(SD=141) of moderate-to-vigorous exercise per week
at baseline. Black (M=-0.005, SD=0.57) and White
(M=-0.073, SD=0.60) participants demonstrated a
decline in MVPA at 12-month mark. Baseline charac-
teristics of the cohort by race (White / Black) can be
found in Table 1. Correlations supported HBM theoriz-
ing as behavior was found to correlate with perceived
beliefs, (r=0.59, p<0.001), threats (r=0.54, p<0.001),

Table 1 Baseline characteristics of the cohort by race (White / Black)
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self-efficacy (r=0.19, p<0.001), and barriers (r=0.46,
p<0.001). Additional correlations can be found in
Table 2.

Model fit and hypothesis tests

The SEM model displayed strong model stability (x
2=2621, df=77, p<0.001; RMSEA =0.05 (95% CI 0.04,
0.064); CFI=0.96; TLI=0.95; SRMR=0.05). Factor
loadings for model constructs can be found in Table 3.
The findings report behavioral determinants between
each race (H;—H,), followed by if the intervention
group facilitated the determinants between each race
(Hy-Hg).

Variables White (n=441) Black (n=230)
Age (years) 7234+532 72.16+558
Male (%) 341 (77.3%) 182 (79.1%)
Education
Less than high school 74 (16.8%) 3(10.0%)
High school graduate or equivalent 107 (24.3%) 3 (27.4%)
Completed some college, but no degree 93 (21.1%) 2 (27%)
Completed associate degree/diploma program 26 (5.9%) 16 (7.0%)
College graduate 79 (17.9%) 36 (15.7%)
Completed graduate school 48 (10.9%) 28 (12.2%)
No answer 4(3.2%) 2 (0.9%)
Income
<$15,000 61 (13.8%) 29 (12.6%)
$15,000 - $24,999 86 (19.5%) (20 9%)
$25,000 - $ 34,999 62 (14.1%) 6 (15.7%)
$35,000—%49,999 (W 4.7%) (1 5.2%)
$50,000—$74,999 9 (13.4%) 4 (14.8%)
$75,000—%99,000 21 (4.8%) 6 (7%)
>$100,000 25 (5.7%) 3(5.7%)
No answer 62 (14.1%) 9 (8.3%)
Clinical Characteristics
Resting Heart Rate (bpm) 68.16+9.90 68.16+9.89
SBP (mmHg) 1174041863 1174841798
DBP (mmHg) 68.86+10.67 68.85+£10.72
PP (mmHg) 4854+14.82 48.70+13.90
LVEF (%) 25.92+7.60 2536+746
BNP (pg/mL) 596.28+743.28 563.75+£638.38
Pro-BNP (pg/mL) 4894.64+7219.58 6100.33+£8278.20
BMI (Kg/mz) 28.08+5.38 29.07+£5.17
New York Heart Association Classification of Heart Failure (%)
Class Il 267 (60.5%) 138 (60.0%)
Class Il 168 (38.1%) 88 (38.3%)
Class IV 6 (1.4%) 4 (1.7%)

SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, BMI Body Mass Index, PP Pulse Pressure, LVEF Left Ventricular Ejection Fraction, BNP B-type natriuretic

peptide
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Table 2 Bivariate correlations among study variables

Construct 1 2 3 4 5

1. Beliefs 1.00 24xxx ABxx* ATFX S59xx*
2. Self-Efficacy 1.00 52xx* 38%x* 9x*
3. Perceived Barriers 1.00 58%** AGTF
4. Perceived Threats 1.00 S4xx*
5. Exercise Time .100

Coefficients presented are zero-order bivariate correlations at baseline
Behavior Exercise at moderate-to-vigorous intensity

" p<.05

" p<.01

" p<.001

Table 3 Means, standard deviations and factor loadings of
model items

Indicator Factor
Loadings
1. Benefits.1 83
2. Benefits.2 81
3. Benefits.3 64
4. Self-Efficacy.1 82
5. Self-Efficacy.2 84
6. Self-Efficacy.3 82
7. Self-Efficacy.4 73
8. Self-Efficacy.5 72
9. Perceived Threat.1 74
10. Perceived Threat.2 72

11. Perceived Barriers®
12. Behaivor®

2 Construct measured using a single item, so no factor loading reported;
Perceived Behavioral Control

Model tests

The tested structural equation model can be found in
Fig. 2, and the Sankey model can be found in Fig. 3.
Consistent with the hypotheses H, -H,, HBM deter-
minants including perceived benefits (Black: $=0.27,
p<0.001; White: p=0.15; p=0.003), self-efficacy
(Black: p=0.20, p=0.003; White: $=0.21; p<0.001),
perceived threats, (Black: $=0.22, p=0.004; White:
p=0.26; p<. 001), and barriers (Black: =0.25,
p<0.001; White p=0.13; p=0.003) were found to
be significant determinants among Black and White
older adults. Hypotheses H; -Hg tested if interven-
tion facilitated these determinants in both races.
Study arm found the experimental arm to be effec-
tive in predicting perceived benefits (Black: p=0.15.
p=0.037; White: p=0.22; p<. 001) and self-efficacy
(Black: p=0.21, p<0.001; White: $=0.28; p<0.001)
for both races. However, the intervention was effec-
tive for informing perceived time barrier among
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White (=0.12; p=0.010) but not Black participants
(Black: p=0.07, p=0.263). Finally, the intervention did
not address perceived threats for both races (Black:
B=-0.12; p=0.054; White: p=-0.05, p=0.211).

Discussion

Heart failure is a cardiovascular disease that dispropor-
tionately affects older adults, and is found to have more
severe outcomes among Black individuals [1]. There is
growing evidence to support that Black patients with
HF experience health inequities in healthcare settings
such as shorter physician times, misdiagnosis, suggest-
ing lower consideration in treatments [8]. The present
study investigated if inequitable patterns for promoting
exercise also extend to older adult Black patients with HF
in a large clinical trial. The primary objective tested a set
of hypotheses to identify disparities in HBM constructs
to predict exercise participation. The findings revealed
perceived benefits, threats, barriers, and self-efficacy
predicted exercise behavior for Black and White older
adults, indicating that racial groups likely require the
same behavioral determinants to participate in exercise.
The secondary objective tested if the HF-ACTION inter-
vention provided equitable support for enhancing HBM
behavioral determinants. The findings indicated that the
exercise program was effective in facilitating self-efficacy
and perceived benefits of exercise for both racial groups.
However, the intervention was not effective in assisting
Black patients with their perceived time barriers to exer-
cise. Additionally, the HF-ACTION intervention did not
improve perceived threats for both races.

Supporting the HBM model [12], proposed determi-
nants including perceived benefits, threats, barriers, and
self-efficacy were found to predict exercise behavior for
both races, which is consistent with the original theo-
retical pathways [31, 32]. The intervention was demon-
strated to be effective for fostering positive attitudes, and
improving self-efficacy for both races, but the interven-
tion showed racial differences in minimizing perceived
barriers. Time is one of the most commonly documented
barriers to exercise for mid-age and older adults [17],
which was also shown to be predictive of exercise behav-
ior in the present study, but was not resolved among
Black patients by the exercise intervention. Social and
personal factors such as family dynamics/ responsibili-
ties might need to be considered when designing inter-
ventions for different racial groups to understand time
allocation and management. Then, behavior-regulation
strategies such as planning, and habit formation tech-
niques, which are effective for securing protected time
to exercise [33—38], can be facilitated in an education
program. Specifically, experimental research has found
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Fig. 2 Structural Equation model with Tested Effects

The figure presents the pathways from structural equation modeling that investigated the relationship between health belief model constructs
among participants. Study Arm variable represents experimental vs. control arm. All values are standardized regression coefficients. Black font
coefficients represent Black participants and red font coefficients represent White participants. Green pathways show the the prediciton from study
arms to each health belief model construct. Blue pathways show effects from health belief model constructs to exercise behavior. Red pathways are

controlled effects. p<.01, **, p<.001***
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Fig. 3 Sankey Diagram

Black

Perceived benefits |0.27

Self-efficacy 0.20

Exercise

Behavior
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The Sankey figure displays the model effects for each race for comparison. The model included pathways from each Health Belief Model (HBM)
construct to exercise behavior to identify racial differences in exercise determinants. Path A shows HBM determinants predicting exercise behaviors
in racial groups. Path B indicates how study arm (experimental vs control) facilitate each HBM determinant. All values represent standardized

regression coefficients

clinical populations, such as those in cardiac rehabilita-
tion such as acute coronary syndrome, are able to apply
these behavior change techniques [39, 40].

The findings from the tested Health Belief Model
(HBM) also revealed that while perceived threats were
predictive factor for exercise participation, this construct
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may not have been addressed in the intervention group.
Perceived threats are a behavior level construct that has
been shown to be associated with several health behav-
iors. Specifically, previous work supports the associations
between physical activity and perceived threats among
older adults [41]. Other related findings has shown the
severity/seriousness component of threat construct to
predict intentions to exercise among patients with coro-
nary artery disease [42]. Overall, facilitating HBM deter-
minants for patients with HF to exercise regularly via
education-focused intervention needs to be tested, as
education-based interventions based on this model have
been demonstrated to be effective for patients with other
cardiovascular diseases [43, 44].

Strengths, limitations, and future directions

To the best of our knowledge, this is the first study to
investigate exercise behavioral determinants among indi-
viduals with HF using the HBM. This is also the largest
investigation to compare differences in theoretical deter-
minants of exercise behavior between racial groups in the
cardiovascular-related literature. The findings address
emerging calls to identify the impact of psychosocial fac-
tors in explaining the racial disparities in exercise behav-
iors among Black patients with HF [8—10]. While these
results demonstrate similar and distinct patterns between
Black and White older adults in the HF ACTION trial,
it is important to note that the intervention was not
designed for older adults. It is also worth noting that
the HBM proposes “cues to action” to predict behavioral
enactment, though we could not find a relevant variable
in the dataset to reflect this construct. Cues have been
shown to have mixed findings and consequently have
been omitted in several studies [31], though cues have
also been found to be important [45, 46] and in most
cases its omission can be attributed to complexity of pre-
cisely assessing this measurement with habit [47]. This
note leads to an important future direction for large scale
clinical trials related to cardiovascular disease to include
dedicated measures related to a behavior theory to yield
robust findings.

Conclusion

The Health Belief Model revealed to be effective for
understanding exercise behavior among older adults
with HE. Augmenting the HBM to include self-regulation
strategies such as planning, and habit formation might
be effective for addressing time-related barriers. Over-
all, the importance of this investigation provides two key
notes for future studies. The first is the significance of an
exit study interview to welcome insight that might not
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be captured via standardized quantitative measures. For
instance, in this study, it is not clear why Black individu-
als perceived greater time barrier to exercise participa-
tion compared to their White counterparts. Second, these
discrepant findings were revealed using theory-informed
analyses. Future clinical trials that include HF patients
should be planned to measure and deliver an intervention
based on an established theoretical framework. Translat-
ing these findings into real world applications signify the
importance of considering behavioral, environmental, and
biological (age, race) characteristics of individuals with
HF to determine the feasibility exercise prescriptions by
healthcare providers. Additionally, partnerships between
clinics and community organizations such as recreation
centers can serve as pivotal factors in helping HF patients
establish and maintain a consistent exercise routine. This
is especially important in Black communities where dis-
tinct behavioral and environmental barriers might need
to be addressed, which necessitates a tailored approach
for promoting exercise.
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