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Introduction: Air pollution poses significant risks to cardiovascular health, yet
patients often lack comprehensive knowledge about its impact and mitigation
strategies. This study aims to evaluate the effectiveness of an educational
intervention within a cardiac rehabilitation (CR) context in enhancing patients’
understanding of air pollution and its cardiovascular effects.

Methods: A pre-post pilot study was conducted from February 2021 to June
2021 at the Gregorio Maraidn University General Hospital, Madrid, Spain. A
total of 43 patients with cardiovascular disease attending CR were enrolled.
Participants received a 1-h educational intervention delivered either in-person
or online, focusing on the effects of air pollution and strategies to reduce
exposure. Pre- and post-intervention questionnaires assessed participants’
knowledge and perceptions. Descriptive statistics were used to analyze
changes in awareness and understanding.

Results: Initially, participants demonstrated a high level of awareness about the
health impacts of air pollution, with 100% acknowledging its effects on health.
However, detailed knowledge about specific concepts such as the Air Quality
Index (AQI) and particulate matter (PM2.5) was limited. Post-intervention, there
was a significant increase in knowledge, with familiarity with AQI rising from
61% to 81% (p=0.02) and understanding of PM2.5 improving from 28% to
58% (p=0.01). This indicates that the educational intervention effectively
bridged gaps in understanding and reinforced the importance of
environmental factors in cardiovascular health management.
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Discussion: The pilot study highlights the critical role of targeted education in
improving patient awareness and knowledge about air pollution. The significant
improvement in understanding key concepts underscores the need for broader
educational initiatives that extend beyond CR programs. Future research should
explore the impact of such interventions on long-term health outcomes and
consider expanding educational efforts to include healthcare providers and

family members.
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environmental pollution

1 Introduction

Cardiovascular disease (CVD) remains the leading cause of
morbidity and mortality worldwide, significantly burdening
health systems and economies (1-3). This global health crisis
is driven by several well-known risk factors, including
hypertension, high cholesterol, smoking, diabetes, obesity, and
physical inactivity (4). The causality of these “classic” risk
factors is well understood, and they are widely used to
evaluate overall cardiovascular risk in the general population
(4, 5). However, in the last decades, emerging risk factors
have gained recognition for their significant contribution to
the development and progression of cardiovascular disease
(6, 7). Among them, air pollution has become a growing
concern due to its substantial and increasing impact on
cardiovascular health (8).

Air pollution is a significant global health threat, responsible
for an estimated 12% of all deaths in 2019 (9). Remarkably, it
accounts for nearly 20% of cardiovascular disease deaths (8, 10),
positioning it as one of the leading modifiable risk factors for
mortality - surpassing even high LDL cholesterol, physical
inactivity, high body-mass index, and alcohol use (8). The
complexity of air pollution - comprising particulate matter (PM),
ozone (O;), and nitrogen dioxide (NO,) - and its widespread,
fluctuating presence underscores its pervasive health impacts
(11). These pollutants originate from various sources, undergo
atmospheric transformations, and affect populations across time
and space, creating unique challenges for public health and
regulatory efforts (11, 12). Certain groups, including the elderly,
socio-economically disadvantaged, and those with pre-existing
conditions like obesity or diabetes, are particularly susceptible,
while vulnerable populations are those exposed to higher pollution
levels due to factors such as proximity to industrial emissions,
heavy traffic, or wildfires (13-15).

Cardiac rehabilitation (CR) is a Class 1A recommendation for
individuals living with CVD (16, 17). It is a multifaceted program
involving medical assessment, structured exercise training, lifestyle
counseling, cardiovascular risk factor management, psychosocial
support and patient education (18, 19), all aimed at aiding
recovery, improving physical fitness, and enhancing overall
quality of life (20). CR offers a crucial opportunity to address the
impact of air pollution on cardiovascular health by integrating
education on reducing exposure, thereby empowering patients to
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mitigate their cardiovascular risks and advocate for policies that
promote cleaner air (21, 22).

Despite the well-established link between air pollution and
cardiovascular risk, awareness of this connection remains limited
among both patients and the broader community (23-26). Most
efforts in CVD management focus on traditional risk factors,
with little emphasis placed on environmental risks like air
pollution (10). Furthermore, there is a lack of studies examining
the awareness and knowledge of CR participants regarding the
impact of air pollution on cardiovascular health. This pilot study
aims to fill this gap by exploring the level of knowledge and
perceptions among CR participants and assessing whether a brief
educational intervention can effectively raise awareness and
improve understanding of the cardiovascular risks associated
with air pollution.

2 Materials and methods
2.1 Design and procedures

A pre-post design was used for this pilot study, which was
conducted from February 2021 to June 2021. Patients living
with CVD and attending a CR program received the brief
education intervention and completed pre- and post-
intervention questionnaires. The study was conducted in the
Gregorio Marafiéon University General Hospital (Madrid,
Spain) following the standards required by the Declaration of
Helsinki and approved by the Hospital’'s Ethics Committee
(RCAcont, 17032021). All participants provided written
informed consent.

Eligible patients were approached upon their arrival for the
baseline CR assessment. After obtaining consent, participants were
scheduled for an educational session and given the option to
choose between attending in-person or participating virtually.
Participants completed the pre-questionnaire prior to the
educational session. For those in the face-to-face format, the
follow-up survey was administered immediately after the session
concluded. Participants in the online format were asked to
complete the follow-up survey during their next visit to the rehab
center. Only the data from participants who completed both the
pre- and post-questionnaires were included in the analysis.

frontiersin.org


https://doi.org/10.3389/fresc.2024.1495621
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

Supervia et al.

2.2 Educational intervention

The educational intervention consisted of a 1-h lecture
delivered by the CR healthcare team,
PowerPoint presentation and accompanied by an informative

enhanced with a

leaflet summarizing the key messages. The lecture focused on
practical recommendations for reducing exposure to air pollution
and understanding its associated risks. Specific educational topics
included strategies for minimizing exposure, identifying common
sources of pollution, and adopting lifestyle changes to mitigate
health impacts. To ensure accessibility for all patients, the
intervention was available in two formats: online, for those
unable to attend in person due to COVID-19 vulnerability,
scheduling conflicts, or
conducted during in-person CR sessions.

other reasons, and face-to-face,

2.3 Participants

In pilot studies, power calculations are typically not required
(27). However, it is generally recommended to include at least 30
subjects to estimate a parameter effectively, which is a common
practice in studies involving psychosocial interventions (27, 28).
In this study, we aimed for the upper limit of this range, seeking
to recruit a minimum of 30 participants. Exclusion criteria
encompassed individuals who lacked proficiency in Spanish or
had visual or cognitive impairments that would prevent them
from completing the surveys.

2.4 Measures

The pre- and post-intervention questionnaires were meticulously
designed by the research team to evaluate participants’ knowledge
and perceptions concerning environmental and atmospheric
pollution, with a particular focus on its effects on cardiovascular
health. These questionnaires were informed by position statements

10.3389/fresc.2024.1495621

related to CVD and air pollution (8), ensuring a comprehensive
assessment of the participants’ understanding and awareness of
these issues.

In total, 45 questions were identical across both the pre- and
post-intervention surveys. Questions were developed as yes/no,
multiple choice and Likert-type scale (ranging from 0 to 5) to
track changes in knowledge and attitudes over time. The primary
areas of inquiry are described in Table 1. In addition, the pre-
intervention questionnaire included a question assessing whether
participants felt they received adequate information from
healthcare professionals about atmospheric pollution following
their cardiac event or CVD diagnosis. In contrast, the post-
intervention questionnaire featured 8 questions focusing on the
perceived usefulness and relevance of the educational content
provided. The pre- and post-intervention questionnaires are
available in Supplementary Appendix 1.

Sociodemographic and clinical characteristics of participants
were assessed through self-reported data and extracted from
medical

employment status, educational level, CR referral diagnosis, usual

records, respectively. This included age, gender,
mode of transportation and exercise habits (frequency and places

where participants exercise).

2.5 Data analysis

SPSS Version 29.0 was used for all the analysis. All initiated
surveys that had at least one response were included. The
number of responses for each question varied due to missing
data (e.g, respondent did not answer a question due to
inapplicability, skip logic, or decided to not answer for other
reasons); for descriptive analyses, percentages were computed
using the number of valid responses for the specific item as the
(e.g.
percentage) were applied for all items in the survey. Changes in

denominator. Descriptive statistics frequency  with

outcomes from pre- to post-test in each group were assessed
using paired samples ¢-tests or chi-square analyses, as applicable.

TABLE 1 Primary areas of inquiry included in the pre- and post-intervention questionnaires.

Section name Number of

Goal of section

questions

Environmental and atmospheric 18 Assesses knowledge and understanding of environmental and atmospheric pollution, including key concepts

pollution knowledge such as the AQI, pollution sources, monitoring stations, and the impact of pollution on different
environments.

Health impact of pollution (general 6 Assesses perceptions of how pollution affects health, focusing on cardiovascular health, the importance of

and CVD health) avoiding polluted areas, awareness of health consequences, and the benefits of green spaces in urban
environments.

Pollution patterns and preventive 7 Examines factors affecting atmospheric pollution levels, including the influence of time of day and

measures vegetation in cities. It also evaluates individual actions and mitigation measures, such as the effectiveness of
different types of masks in reducing exposure to airborne pollutants.

Access to information and media 9 Assesses your knowledge and opinions on accessing information about air pollution and the Air Quality

influence Index, including the use of websites, mobile applications, and public resources. It also explores how media
influence affects your perceptions of atmospheric pollution and its risks.

Factors influencing cardiovascular 5 Evaluates your perceptions of the importance of various factors for cardiovascular health, including regular

health physical exercise, a healthy diet, avoiding tobacco exposure, following prescribed treatments, and

minimizing exposure to high levels of atmospheric pollution.

AQ], air quality index; CVD, cardiovascular; NDVI, normalized difference vegetation index.
Only included at the post-intervention questionnaire.
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3 Results
3.1 Participants characteristics

A convenience sample of 43 patients (mean age =55.6+11.2
years old, 12% female) agreed to participate in this study.
Sociodemographic and clinical characteristics of the participants
are presented in Table 2. A large portion of participants were
either unemployed or on medical leave, with a significant
number also being retired. In terms of education, the majority
had completed high
certificate. The
participants was ischemic heart disease. Most participants used a

school or obtained a college/trades

most common cardiac diagnosis among

car as their primary mode of transportation. The majority
reported exercising at least twice a week, with half of the
in urban environments.

participants  exercising primarily

Additionally, 14 (33%) of participants reported that they receive

TABLE 2 Sociodemographic and clinical characteristics of participants
(N =43).

Age
Less than 56 years old 22 (51.2%)

56 years old or older 21 (48.8%)

Gender

Male 38 (88.4%)
Female 5 (11.6%)
Employment status

Unemployed or medical leave 18 (41.9%)
Retired 14 (32.6%)
Employed (full-time, part-time or self-employed) 10 (23.3%)
Other 1 (2.2%)

Educational level

Elementary 7 (16.3%)
High school 13 (30.2%)
College or trades certificate 14 (32.6%)
University 9 (20.9%)
CR referral diagnosis

Ischemic heart disease 29 (67.4%)
Bypass surgery 4 (9.3%)

Valve surgery 4 (9.3%)

Heart failure 3 (7.0%)

Congenital heart disease 1(2.3%)

Atrial fibrillation 1(2.3%)

Usual mode of transportation

Car 28 (65.1%)
Subway 5 (11.6%)
Bus 4 (9.3%)

Bicycle 1(2.3%)

Exercise habits: frequency

Twice/week 24 (66.7%)
Sometimes 10 (27.8%)
Never 2 (5.6%)

Exercise habits: environment
Urban area 19 (50.0%)

Green spaces 11 (28.9%)
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adequate information from healthcare professionals regarding
atmospheric pollution.

3.2 Environmental and atmospheric
pollution knowledge

Initially, 93% (n =41) of participants reported they knew what
environmental pollution was, and 100% (n=43) recognized its
impact on the environment. Following the educational
intervention, there was a notable improvement in participants’
understanding of environmental and atmospheric pollution
(Figure 1). Post-intervention, familiarity with the Air Quality
Index (AQI) increased from 61% (n=26) to 81% (n=35), with
79% (n=34) correctly identifying what it measures (p=0.02).
Awareness of AQI categories improved significantly, jumping
from 19% (n=8) to 65% (n=28; p<0.001), and knowledge of
monitoring and control stations increased from 44% (n=19) to
77% (n=34; p=0.001), with 79% (n=34) understanding what
these stations measure. Additionally, recognition of the primary
atmospheric pollutants rose from 63% (n=27) to 77% (n=33)
from pre- to post-intervention (p = 0.04).

Participants also demonstrated a better grasp of pollution
sources and specific pollutants. Before the intervention, 91%
(n=39) of participants correctly identified anthropogenic sources
as the most polluting, a percentage that slightly decreased to 84%
(n=36) post-intervention. Awareness of atmospheric pollutants
like CO, NO,, and PM2.5 improved, with PM2.5 knowledge
rising from 28% (n=12) to 58% (n=25; p=0.01). Additionally,
79% (n=34) of participants understood what smog is, up from
58% (n =25) at pre-intervention (p =0.03), and knowledge of the
NDVI (Normalized Difference Vegetation Index) saw a
considerable increase from 9% (n=4) to 58% (n=25; p <0.001).
Finally, understanding of the environmental impacts of
agriculture and livestock improved from 49% (n=21) to 74%

(n=32) from pre- to post-intervention (p =0.02).

3.3 Health impact of pollution (general and
CVD health)

The awareness of pollution’s impact on health was high among
participants at pre-intervention, with 100% acknowledging that
pollution affects health. When asked to rate how much air
pollution affects cardiovascular health on a scale from 0 (no
impact) to 5 (a lot of impact), participants consistently rated its
impact as significant both before and after the intervention [pre
median=4 (CL: 3-5) vs. post median =5 (CI: 4-5)], reflecting
heightened recognition of its serious effects. Similarly, the
importance of avoiding areas with high pollution levels for
cardiovascular health also scored high (i, 5), demonstrating
strong agreement both before and after the intervention.

Participants’ knowledge of specific health effects associated
Initially, ~all
link between pollution and

with  pollution increased post-intervention.
participants

respiratory diseases, and while this number slightly decreased at

recognized the
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Do you know what environmental and atmospheric pollution is?

Do you think pollution affects the environment?

Have you heard of the Air Quality Index (AQI)?

Do you know into which categories this Air Quality Index (AQl) is divided?

Do you know what monitoring and control stations are?

Do you know what these stations measure?

Do you know what the main atmospheric pollutants are?

Do you know what smog (pollution haze) is?

Do you know what NDVI (Normalized Difference Vegetation Index) is?
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FIGURE 1
Environmental and atmospheric pollution knowledge pre- to post-intervention (N = 43).
post-intervention, awareness of CVD as a consequence of pollution =~ on water and electricity usage (65%, n=28) are widely

increased from 67% (n =29) to 77% (n = 33; p =0.04). In addition,
nearly all participants agreed on the beneficial health effects of
green areas in cities, with 97% (n=42) agreeing initially and
100% (n=43) agreeing after the intervention. Most respondents,
88% (n=38) pre-intervention and 91% (n=39) post-intervention,
indicated their preference for green areas away from cities for
physical exercise.

3.4 Pollution patterns and preventive
measures

Pollution patterns and preventive measures provide important
insights into patients’ understanding of air quality dynamics. The
results indicate that there was no notable change in perceptions
before and after the intervention. Most respondents incorrectly
believed that pollution levels are lowest in the morning and that
atmospheric pollution decreases during cloudy or sunny days.
Notably, no respondents correctly identified rainy weather or
windy conditions as factors that reduce pollution levels.

Regarding urban vegetation, there is a strong consensus (95%,
n=41) that vegetation in cities contributes positively to reducing
pollution, with no notable differences in preferences for
after the
intervention. While some respondents advocate for a diverse and

vegetation management before and educational
widespread array of plants (32%, n=14), others emphasize the
importance of controlling species and placement (35%, n=15),
reflecting a balanced view on how urban greenery should be
managed for optimal health benefits.

Individual actions to mitigate pollution are also notable.
Reducing plastic consumption (93%, n=40) and cutting down
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recognized as effective measures. Additionally, the preference for
wearing filtering masks, particularly N95 masks, increased
significantly after the educational intervention, rising from 65%
(n=28) to 79% (n=34; p=0.04). Meanwhile, the preference for
other types of masks, such as disposable surgical masks,
(n=14) to 12% (n=>5;
p=0.02). This shift underscores a growing awareness of the

decreased significantly from 32%

superior effectiveness of N95 masks in protecting against
airborne pollutants.

3.5 Access to information and Media
influence

The results reveal a substantial improvement in awareness and
knowledge
intervention. Initially, only 19% (n=8) of respondents were

about air quality information following the
aware of online portals or websites to check air pollution and the
AQI but this figure increased to 60% (n=26) at post-
intervention (p <0.001). Similarly, awareness of how to access
this information through public institutions rose from 22%
m=9) to 73% (n=27; p<0.001), and knowledge of
mobile applications for monitoring air quality improved from
11% (n=5) to 52% (n=19; p =0.002).

Respondents generally rated the importance of receiving
information about atmospheric pollution and available resources
highly, and similarly rated the potential benefits of this
information for cardiovascular health. A majority of patients
(61%, n=26) felt that media such as television, radio, and social
networks have

influenced their opinions on atmospheric

pollution. However, opinions on whether this media exposure
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engaging in regular physical exercise

maintaining a healthy and balanced diet

avoiding tobacco exposure

follow the prescribed treatment and medication by the doctor

avoiding exposure to high levels of atmospheric pollution

0.0

Pre-intervention Mean
FIGURE 2

reported.

Responses to Likert-type questions (0 = not at all, 5= very important) on the importance of factors for cardiovascular health (N =43), means are

4.7
5.0

4.7
5.0

4.9
5.0

4.9
5.0

4.6
5.0
1.0 2.0

3.0 4.0

m Post-intervention Mean

has led to an overestimation or underestimation of pollution risks
varied: 42% (n=11) believed that media coverage has led to an
overestimation of risks, 27% (n=7) felt it has led to an
and 32%
influence to be neutral or not impactful.

underestimation, (n=9) considered the media’s

3.6 Factors influencing cardiovascular
health

Figure 2 illustrates the responses to Likert-type questions,
where participants rated the importance of various factors for
cardiovascular health from 0 (not at all) to 5 (a lot). Post-
intervention, there was a marked increase in the perceived
importance of all factors compared to pre-intervention ratings,
which were already high. Notably, the perception of avoiding
exposure to high levels of atmospheric pollution saw the most
significant rise, with the mean score increasing from 4.6 0.7 to
50£04 (p=0.01).

3.7 Perceived usefulness and relevance of
the educational intervention provided

The data on the perceived usefulness and relevance of the
educational intervention reveals strong participant engagement.
Out of 43 respondents, 98% (n =39) indicated they will consider
the information about air pollution in their daily lives.
Additionally, 87% (n=32) plan to consult air pollution levels
more frequently, and 81% (n=29) intend to download the
mobile the  sessions.

applications recommended during
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Participants rated the usefulness of the information about
atmospheric pollution, air pollutants, and the AQI very highly,
with scores ranging from 4 to 5 out of 5. The educational session
was also deemed entertaining, with similar high ratings.
Furthermore, 92% (n=31) agreed that atmospheric pollution
should be included in educational sessions of the CR Program.

4 Discussion

This pilot study aimed to evaluate the impact of an educational
intervention on CR patients’ knowledge and perceptions regarding
atmospheric pollution and its effects on cardiovascular health. To
our knowledge, this is the first study to integrate educational
content on atmospheric pollution specifically within a CR
context, recognizing this setting a prime opportunity to connect
with individuals who are at increased risk of adverse health
outcomes from such exposure (21, 22). Key findings from the
intervention include a significant improvement in participants’
understanding of air pollution, heightened awareness of the AQI,
and an increased perception of the importance of avoiding high
pollution areas for cardiovascular health. Participants also
demonstrated high satisfaction with the educational sessions,
rating the information as highly useful and relevant. The
intervention positively influenced participants’ knowledge of
effective protective measures and resources for monitoring air
quality, reflecting their strong engagement and appreciation of
the content provided.

Air pollution has well-documented detrimental effects on
cardiovascular health (11, 29), making it crucial for patients to
understand its impact and take preventive measures. Educating
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patients about the links between air pollution and CVD is essential
for empowering them to make informed decisions about their
health (30). For instance, understanding the AQI allows patients
to decide whether it is safe to exercise outdoors based on current
air quality conditions (31, 32). Knowing about specific pollutants,
such as PM25, helps individuals recognize the types of
pollutants they should avoid and the importance of using
protective measures, like N95 masks, on days with high pollution
levels (33). The results from this study highlight that although
patients had a strong awareness of the health impacts of
pollution - 100% acknowledging its effect on health - not all key
concepts were known. Following the educational intervention,
there was a significant increase in understanding of the AQI and
PM2.5,
important topics. This brief educational intervention effectively

specific atmospheric pollutants like among other

bridged gaps in awareness and reinforced the role of
environmental factors in managing cardiovascular health.

The pilot study findings highlight a complex relationship
between media influence and patient behavior regarding air
Although a

acknowledged that media such as television, radio, and social

pollution. significant majority of participants
networks influenced their views on atmospheric pollution, there
was considerable variation in perceptions of this influence. Some
participants felt that media coverage exaggerated pollution risks,
potentially leading to heightened anxiety or misinformed
protective behaviors (34, 35), while others thought media
coverage downplayed the risks, potentially leading to
complacency (35). This divergence emphasizes the critical role of
education in equipping patients with accurate, actionable
information (36, 37). Educational interventions can counteract
the potential for misleading media narratives (38, 39) by
providing clear, evidence-based guidance on understanding and
managing air quality. For instance, by improving awareness of
reliable sources for air quality data and explaining how to
interpret the AQI, educational programs can help patients
discern between sensationalized media reports and scientifically
grounded information. Furthermore, educating patients about the
specific health impacts of pollutants and the benefits of practical
measures, such as monitoring air quality before outdoor exercise,
the effects

reinforcing accurate knowledge and directing patients to credible

could mitigate of media misinformation. By
resources, formal and reliable education empowers individuals to
make informed decisions and adopt behaviors that effectively
manage their exposure to environmental pollutants, ultimately
supporting better cardiovascular health outcomes.

The results from this pilot study have implications for both
practice and future research. Integrating educational content on
air pollution into CR programs, as demonstrated here, can
enhance patients’ understanding of environmental factors
impacting cardiovascular health. This approach not only bridges
knowledge gaps but could also empower patients to make
informed decisions about their health, such as using the AQI to
determine safe times for outdoor exercise and recognizing the
importance of filtering masks in mitigating exposure to
pollutants. To translate these findings into practice, healthcare
providers should consider incorporating environmental health
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education into routine care, particularly for patients with
cardiovascular conditions. This could involve developing tailored
educational materials, offering workshops, and utilizing digital
tools to keep patients informed about air quality. Additionally,
creating partnerships with public health agencies could facilitate
access to reliable air quality data and resources. Future research
should focus on evaluating the long-term impact of such
and health
outcomes. Studies could explore how sustained education affects

educational interventions on patient behavior
adherence to protective measures and whether improvements in
environmental awareness translate into reduced cardiovascular
events. Additionally, research should investigate the effectiveness
different

populations and settings. Exploring the role of media in shaping

of various educational strategies across patient
perceptions and behaviors related to air pollution can also
provide insights into optimizing educational interventions and
improving public health communication.

The study presents several limitations that should be
considered when interpreting the results. First, the use of a pre-
post design without a control group limits the ability to establish
causality and control for external factors that might influence
changes in knowledge and attitudes. The study’s reliance on a
convenience sample from a single CR program may also impact
the generalizability of the findings to other settings or
populations. Additionally, the sample consisted exclusively of
patients with CVD in CR and had a lower proportion of females
(n=5), which may introduce bias. Given that only a small
percentage of CVD patients attend these programs (40), this
approach may exclude a significant number of individuals who
could benefit from such educational interventions. It is also
important to consider expanding the reach of educational efforts
to include not only patients but also healthcare providers and
family members or friends of these patients. Broadening the
audience can enhance the overall impact of the intervention and
ensure that a wider support network is equipped with the
knowledge needed to manage and mitigate the effects of air
pollution on cardiovascular health. The data collection process
relied on self-reported measures using a questionnaire that was
not psychometrically validated, making the results subject to
potential bias and inaccuracies. Additionally, variability in the
timing of post-intervention surveys between online and face-to-
face participants may have introduced inconsistencies in
assessing immediate and retained knowledge. For the online
group, the post-survey was conducted after a week, raising the
possibility that participants may have acquired knowledge
through self-education or other means. Furthermore, evaluating
actual behavior changes and long-term knowledge retention
would require a longer follow-up period. Future research should
address these limitations by incorporating control groups, using
larger and more diverse samples with validated tools, and
extending follow-up periods to evaluate sustained effects and
behavioral changes.

In conclusion, this pilot study describes our initial efforts to
integrate environmental pollution education into CR, showing
significant improvements in patients’ understanding of key

concepts like the AQI. By empowering participants with this
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knowledge, we could better equip them to manage their
cardiovascular health in the context of environmental risks. The
findings underscore the need for broader educational initiatives,
which could enhance patient awareness and may also drive
meaningful improvements in public health outcomes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Gregorio
University Hospital. The
accordance with the

Maranén General studies were

conducted in local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

Author contributions

MS: Methodology,
Resources, Supervision, Writing - review & editing. AB: Formal

Investigation, Project administration,

Analysis, Writing - review & editing. EG: Data curation, Writing
- review & editing. AB: Data curation, Writing - review &
editing. MA-R: Conceptualization, Supervision, Writing — review
& editing. GG: Formal Analysis, Investigation, Methodology,
Writing - original draft.

References

1. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: update
from the GBD 2019 study. ] Am Coll Cardiol. (2020) 76(25):2982-3021. doi: 10.
1016/j.jacc.2020.11.010

2. Kazi DS, Elkind MSV, Deutsch A, Dowd WN, Heidenreich P, Khavjou O, et al.
Forecasting the economic burden of cardiovascular disease and stroke in the United
States through 2050: a presidential advisory from the American Heart Association.
Circulation. (2024) 150(4):e89-101. doi: 10.1161/CIR.0000000000001258

3. Luengo-Fernandez R, Walli-Attaei M, Gray A, Torbica A, Maggioni AP, Huculeci
R, et al. Economic burden of cardiovascular diseases in the European union: a
population-based cost study. Eur Heart ]. (2023) 44(45):4752-67. doi: 10.1093/
eurheartj/ehad583

4. Mensah GA, Fuster V, Murray CJL, Roth GA, Global burden of cardiovascular
diseases and risks collaborators. Global burden of cardiovascular diseases and risks,
1990-2022. ] Am Coll Cardiol. (2023) 82(25):2350-473. doi: 10.1016/j.jacc.2023.11.007

5. Global Cardiovascular Risk Consortium, Magnussen C, Ojeda FM, Leong DP,
Alegre-Diaz ], Amouyel P, et al. Global effect of modifiable risk factors on
cardiovascular disease and mortality. N Engl ] Med. (2023) 389(14):1273-85.
doi: 10.1056/NEJM0a2206916

6. Lacey B, Herrington WG, Preiss D, Lewington S, Armitage J. The role of emerging
risk factors in cardiovascular outcomes. Curr Atheroscler Rep. (2017) 19(6):28. doi: 10.
1007/s11883-017-0661-2

7. Hackam DG, Anand SS. Emerging risk factors for atherosclerotic vascular disease:
a critical review of the evidence. JAMA. (2003) 290(7):932-40. doi: 10.1001/jama.290.
7.932

8. Brauer M, Casadei B, Harrington RA, Kovacs R, Sliwa K; WHEF Air Pollution
Expert Group. Taking a stand against air pollution—the impact on cardiovascular
disease: a joint opinion from the world heart federation, American College of

Frontiers in Rehabilitation Sciences

10.3389/fresc.2024.1495621

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fresc.2024.
1495621/full#supplementary-material

Cardiology, American Heart Association, and the European Society of Cardiology.
Glob Heart. (2021) 16(1):8. doi: 10.5334/gh.948

9. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a systematic analysis for the global burden of
disease study 2019. Lancet. (2020) 396(10258):1223-49. doi: 10.1016/S0140-6736
(20)30752-2

10. World Heart Federation. World Heart Report 2024: Clearing the air to address
pollution’s cardiovascular health crisis. Available online at: https://world-heart-
federation.org/what-we-do/air-pollution/(accessed September 10 2024)

11. Rajagopalan S, Al-Kindi SG, Brook RD. Air pollution and cardiovascular disease:
JACC state-of-the-art review. ] Am Coll Cardiol. (2018) 72(17):2054-70. doi: 10.1016/j.
jacc.2018.07.099

12. Verrier RL, Mittleman MA, Stone PH. Air pollution: an insidious and pervasive
component of cardiac risk. Circulation. (2002) 106(8):890-2. doi: 10.1161/01.CIR.
0000027434.34445.23

13. Bell ML, Zanobetti A, Dominici F. Evidence on vulnerability and susceptibility to
health risks associated with short-term exposure to particulate matter: a systematic
review and meta-analysis. Am ] Epidemiol. (2013) 178(6):865-76. doi: 10.1093/aje/kwt090

14. Hajat A, Hsia C, O’Neill MS. Socioeconomic disparities and air pollution
exposure: a global review. Curr Environ Health Rep. (2015) 2(4):440-50. doi: 10.
1007/s40572-015-0069-5

15. Rajagopalan S, Brauer M, Bhatnagar A, Bhatt DL, Brook JR, Huang W, et al.
Personal-Level protective actions against particulate matter air pollution exposure: a
scientific statement from the American Heart Association. Circulation. (2020) 142
(23):e411-31. doi: 10.1161/CIR.0000000000000931

16. Ambrosetti M, Abreu A, Corra U, Davos CH, Hansen D, Frederix I, et al.
Secondary prevention through comprehensive cardiovascular rehabilitation: from

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fresc.2024.1495621/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fresc.2024.1495621/full#supplementary-material
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1161/CIR.0000000000001258
https://doi.org/10.1093/eurheartj/ehad583
https://doi.org/10.1093/eurheartj/ehad583
https://doi.org/10.1016/j.jacc.2023.11.007
https://doi.org/10.1056/NEJMoa2206916
https://doi.org/10.1007/s11883-017-0661-2
https://doi.org/10.1007/s11883-017-0661-2
https://doi.org/10.1001/jama.290.7.932
https://doi.org/10.1001/jama.290.7.932
https://doi.org/10.5334/gh.948
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://world-heart-federation.org/what-we-do/air-pollution/
https://world-heart-federation.org/what-we-do/air-pollution/
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1161/01.CIR.0000027434.34445.23
https://doi.org/10.1161/01.CIR.0000027434.34445.23
https://doi.org/10.1093/aje/kwt090
https://doi.org/10.1007/s40572-015-0069-5
https://doi.org/10.1007/s40572-015-0069-5
https://doi.org/10.1161/CIR.0000000000000931
https://doi.org/10.3389/fresc.2024.1495621
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

Supervia et al.

knowledge to implementation. 2020 update. A position paper from the secondary
prevention and rehabilitation section of the European association of preventive
cardiology. Eur ] Prev Cardiol. (2021) 28(5):460-95. doi: 10.1177/2047487320913379

17. Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, et al. 2023
AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the management of patients with
chronic coronary disease: a report of the American Heart Association/American
College of Cardiology joint committee on clinical practice guidelines. ] Am Coll
Cardiol. (2023) 82(9):833-955. doi: 10.1016/j.jacc.2023.04.003

18. Balady GJ, Williams MA, Ades PA, Bittner V, Comoss P, Foody JA, et al. Core
components of cardiac rehabilitation/secondary prevention programs: 2007 update: a
scientific statement from the American Heart Association exercise, cardiac
rehabilitation, and prevention committee, the council on clinical cardiology; the
councils on cardiovascular nursing, epidemiology and prevention, and nutrition,
physical activity, and metabolism; and the American association of cardiovascular
and pulmonary rehabilitation. J Cardiopulm Rehabil Prev. (2007) 27(3):121-9.
doi: 10.1097/01.HCR.0000270696.01635.aa

19. Grace SL, Turk-Adawi KI, Contractor A, Atrey A, Campbell NR, Derman W,
et al. Cardiac rehabilitation delivery model for low-resource settings: an
international council of cardiovascular prevention and rehabilitation consensus
statement. Prog Cardiovasc Dis. (2016) 59(3):303-22. doi: 10.1016/j.pcad.2016.08.004

20. Dibben G, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD, et al.
Exercise-based cardiac rehabilitation for coronary heart disease. Cochrane Database
Syst Rev. (2021) 11(11):CD001800. doi: 10.1002/14651858.CD001800.pub4.

21. Hano MC, Baghdikian CL, Prince S, Lazzarino E, Hubbell B, Sams E, et al.
Iluminating stakeholder perspectives at the intersection of air quality health risk
communication and cardiac rehabilitation. Int J Environ Res Public Health. (2019)
16(19):3603. doi: 10.3390/ijerph16193603

22. Beatty AL, Beckie TM, Dodson J, Goldstein CM, Hughes JW, Kraus WE, et al. A
new era in cardiac rehabilitation delivery: research gaps, questions, strategies, and
priorities. Circulation. (2023) 147(3):254-66. doi: 10.1161/CIRCULATIONAHA.122.
061046

23. Dowling TC, Pennington AF, Wall HK, Mirabelli MC. Air quality perceptions,
awareness, and associated behaviors among U.S. Adults with and without heart
disease. AJPM Focus. (2024) 3(4):100249. doi: 10.1016/j.focus.2024.100249

24. Nowka MR, Bard RL, Rubenfire M, Jackson EA, Brook RD. Patient awareness of
the risks for heart disease posed by air pollution. Prog Cardiovasc Dis. (2011) 53
(5):379-84. doi: 10.1016/j.pcad.2010.12.003

25. Ramirez AS, Ramondt S, Van Bogart K, Perez-Zuniga R. Public awareness of air
pollution and health threats: challenges and opportunities for communication
strategies to improve environmental health literacy. J Health Commun. (2019) 24
(1):75-83. doi: 10.1080/10810730.2019.1574320

26. Mirabelli MC, Boehmer TK, Damon SA, Sircar KD, Wall HK, Yip FY, et al. Air
quality awareness among U.S. Adults with respiratory and heart disease. Am ] Prev
Med. (2018) 54(5):679-87. doi: 10.1016/j.amepre.2018.01.037

Frontiers in Rehabilitation Sciences

09

10.3389/fresc.2024.1495621

27. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size
for a pilot randomised trial to minimise the overall trial sample size for the external
pilot and main trial for a continuous outcome variable. Stat Methods Med Res.
(2016) 25(3):1057-73. doi: 10.1177/0962280215588241

28. Browne RH. On the use of a pilot sample for sample size determination. Stat
Med. (1995) 14(17):1933-40. doi: 10.1002/sim.4780141709

29. Hegelund ER, Mehta AJ, Andersen ZJ], Lim YH, Loft S, Brunekreef B, et al. Air
pollution and human health: a phenome-wide association study. BMJ Open. (2024) 14
(2):e081351. doi: 10.1136/bmjopen-2023-081351

30. Tuncer Teksoz G. Managing air pollution: how does education help? In: The
Impact of Air Pollution on Health, Economy, Environment and Agricultural Sources.
Rijeka, Croatia: InTech (2011). p. 397-422. doi: 10.5772/16679

31. Hahad O, Kuntic M, Frenis K, Chowdhury S, Lelieveld J, Lieb K, et al. Physical
activity in polluted air-net benefit or harm to cardiovascular health? A comprehensive
review. Antioxidants (Basel). (2021) 10(11):1787. doi: 10.3390/antiox10111787

32. Surit P, Wongtanasarasin W, Boonnag C, Wittayachamnankul B. Association
between air quality index and effects on emergency department visits for acute
respiratory and cardiovascular diseases. PLoS One. (2023) 18(11):e0294107. doi: 10.
1371/journal.pone.0294107

33. Jiang XQ, Mei XD, Feng D. Air pollution and chronic airway diseases: what
should people know and do? J Thorac Dis. (2016) 8(1):E31-40. doi: 10.3978/j.issn.
2072-1439.2015.11.50

34. Misra S, Stokols D. Psychological and health outcomes of perceived information
overload. Health Psychol. (2012) 44(6):415-25. doi: 10.1177/0013916511404408

35. Anderson AA, Sivakumar G. Risks elaborated vs. risks downplayed: the effect of
risk comparisons in mainstream media during COVID-19 on risk perceptions and
anxiety levels. Front Commun. (2021) 6:646001. doi: 10.3389/fcomm.2021.646001

36. Van Slooten E, Friedman DB, Tanner A. Are we getting the health information
we need from the mass media? An assessment of consumers’ perceptions of health and
medical news. Health Commun. (2013) 28(1):35-53. doi: 10.1080/15398285.2013.
756338

37. Schwitzer G, Mudur G, Henry D, Wilson A, Goozner M, Simbra M, et al. What
are the roles and responsibilities of the media in disseminating health information?
PL0S Med. (2005) 2(7):e215. doi: 10.1371/journal.pmed.0020215

38. Ali A, Qazi IA. Countering misinformation on social media through educational
interventions: evidence from a randomized experiment in Pakistan. ] Dev Econ. (2023)
163:103108. doi: 10.1016/j.jdeveco.2023.103108

39. Guess AM, Lerner M, Lyons B, Sircar N. A digital media literacy intervention
increases discernment between mainstream and false news in the United States and
India. Proc Natl Acad Sci. (2020) 117(27):15536-45. doi: 10.1073/pnas.1920498117

40. Bracewell NJ, Plasschaert J, Conti CR, Keeley EC, Conti JB. Cardiac
rehabilitation: effective yet underutilized in patients with cardiovascular disease.
Clin Cardiol. (2022) 45(11):1128-34. doi: 10.1002/clc.23911

frontiersin.org


https://doi.org/10.1177/2047487320913379
https://doi.org/10.1016/j.jacc.2023.04.003
https://doi.org/10.1097/01.HCR.0000270696.01635.aa
https://doi.org/10.1016/j.pcad.2016.08.004
https://doi.org/10.1002/14651858.CD001800.pub4.
https://doi.org/10.3390/ijerph16193603
https://doi.org/10.1161/CIRCULATIONAHA.122.061046
https://doi.org/10.1161/CIRCULATIONAHA.122.061046
https://doi.org/10.1016/j.focus.2024.100249
https://doi.org/10.1016/j.pcad.2010.12.003
https://doi.org/10.1080/10810730.2019.1574320
https://doi.org/10.1016/j.amepre.2018.01.037
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1002/sim.4780141709
https://doi.org/10.1136/bmjopen-2023-081351
https://doi.org/10.5772/16679
https://doi.org/10.3390/antiox10111787
https://doi.org/10.1371/journal.pone.0294107
https://doi.org/10.1371/journal.pone.0294107
https://doi.org/10.3978/j.issn.2072-1439.2015.11.50
https://doi.org/10.3978/j.issn.2072-1439.2015.11.50
https://doi.org/10.1177/0013916511404408
https://doi.org/10.3389/fcomm.2021.646001
https://doi.org/10.1080/15398285.2013.756338
https://doi.org/10.1080/15398285.2013.756338
https://doi.org/10.1371/journal.pmed.0020215
https://doi.org/10.1016/j.jdeveco.2023.103108
https://doi.org/10.1073/pnas.1920498117
https://doi.org/10.1002/clc.23911
https://doi.org/10.3389/fresc.2024.1495621
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

	Enhancing cardiovascular patients’ knowledge of air pollution: a pilot study evaluating the impact of an educational intervention in cardiac rehabilitation
	Introduction
	Materials and methods
	Design and procedures
	Educational intervention
	Participants
	Measures
	Data analysis

	Results
	Participants characteristics
	Environmental and atmospheric pollution knowledge
	Health impact of pollution (general and CVD health)
	Pollution patterns and preventive measures
	Access to information and Media influence
	Factors influencing cardiovascular health
	Perceived usefulness and relevance of the educational intervention provided

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


