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Abstract: Background: Maintaining a physically active lifestyle is a determinant factor of a healthy
life and personal happiness. Meanwhile, physical inactivity remains a significant issue, resulting
in negative consequences for public health. Objectives: This paper investigates the relationships
between physical activity, physical inactivity, a healthy life, life expectancy, and personal happiness in
European Union (EU) countries. Methods: This empirical study uses an artificial neural network and
cluster analysis to analyze and interpret data from 27 EU countries. Artificial neural network analysis
enables the assessment of the relationships between physical activity and inactivity, a healthy life, and
personal happiness, while cluster analysis identifies groups of EU countries based on physical activity,
healthy life, and personal happiness indicators. Results: The results show significant positive links
between physical activity and improvements in healthy living and personal happiness. Conclusions:
This study highlights considerable variations among EU countries regarding the levels of physical
activity, healthy living, and personal happiness, emphasizing the importance of promoting physical
activity to enhance public health and overall well-being. The findings suggest the need to develop
customized policies that address country-specific factors and promote an active lifestyle.

Keywords: physical activity; physical inactivity; healthy life years; life expectancy; personal
happiness; artificial neural network analysis; cluster analysis

1. Introduction

The significance of physical activity (PA) for health and well-being has emerged as a
pivotal subject in medical research and public health policies in recent decades. Various
studies have consistently affirmed the diverse benefits of regular physical exercise for
the body and the mind [1-3]. From a physical health perspective, regular PA is crucial in
preventing and managing a broad spectrum of chronic diseases. Research has demonstrated
that physical exercise can markedly diminish the risks of cardiovascular diseases, type 2
diabetes, certain cancers, and osteoporosis [4]. In terms of mental health, the influence of PA
is equally profound, with numerous studies underscoring its role in alleviating symptoms
of depression and anxiety.

The advantages of PA extend to overall well-being [5]. Research indicates that physi-
cally active individuals report higher levels of life satisfaction, enhanced self-esteem, and a
more remarkable ability to manage daily stress [6]. Recent investigations have begun to
examine the benefits of PA beyond individual health, considering its impact on well-being,
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economic productivity, social cohesion, and environmental sustainability. Increasing PA at
the country level could result in substantial healthcare savings by lowering the prevalence
of chronic diseases [3].

This paper aims to explore the relationships between PA, physical inactivity (PI), a
healthy life (HL), life expectancy (LE), and personal happiness (PH) among populations in
European Union countries. The study uses artificial neural networks and cluster analysis
to highlight the complex relationships between PA, PI, HL, LE, and PH. Acknowledging
the unique characteristics of the EU, such as its diverse cultural, economic, and social
landscapes, is essential in understanding how these factors differ from those in America,
Asia, or Australia. This context enriches cross-country comparisons, allowing for a more
nuanced analysis of the role of PA in enhancing public health and well-being in the EU.
The goal is to underscore the importance of promoting an active lifestyle to improve health
outcomes, identifying population groups with varying levels of PA and evaluating its
influence.

This investigation has identified research gaps in quantifying the relationship between
PA, PI, HL, LE, and PH at the EU level and the lack of comparable studies across EU
countries on these variables. The unique aspects of this paper include the application
of artificial neural network analysis for a comprehensive evaluation of the relationships
between PA, PI, HL, LE, and PH; the use of cluster analysis to identify groups of countries
based on their levels of PA and health; and a detailed comparative approach that highlights
significant variations between EU countries. The research questions are as follows.

RQ1. To what extent does PA influence HL years, LE, and PH?

RQ2. Does PI significantly affect HL years, LE, and PH?

RQ3. Do countries with a high level of PA record more HL years, higher LE, and
superior levels of PH compared to countries where PA is at a low level?

These questions, which form the basis for the research hypotheses, guide our research,
attempting to provide a deep understanding of the relationship between an active lifestyle
and various aspects of HL and PH in the European context.

This paper is structured as follows. Section 1 introduces the research context, purpose,
and gaps and presents the key research questions, followed by the aim of the study.
Section 2 describes the materials and methods, detailing the procedures, literature review,
hypotheses, instruments, data collection, and analysis techniques. Section 3 presents the
research results, emphasizing the main findings. Section 4 discusses the results in relation
to the existing literature, explores their broader implications, and suggests future research
directions. Section 5 summarizes the study’s key conclusions.

2. Materials and Methods
2.1. Research Design

This research followed several stages to investigate the relationships between PA, PI,
HL, LE, and PH in European Union countries. The first stage involved a literature review
and hypothesis formulation, where we analyzed existing studies to identify knowledge
gaps and establish our research hypotheses. The next stage entailed data collection, during
which we gathered information from various statistical sources and relevant databases for
our research variables. Subsequently, we proceeded to data processing and hypothesis test-
ing, using advanced statistical methods to analyze the relationships between the variables.
Finally, we presented and discussed the results in detail and formulated conclusions based
on our findings, offering recommendations for future policies.

Figure 1 illustrates the research stages.



Healthcare 2024, 12, 1941

30f20

Literature
review and

hypotheses

Data
collection

Data
processing
and
hypothesis
testing

Presentation
of the
results,
discussion
and
conclusions

Figure 1. Research process stages. Source: authors’ design.

2.2. Literature Review and Hypotheses

Caspersen et al. define PA as “any bodily movement produced by skeletal muscles
that results in energy expenditure” ([7], p. 126). PA plays a decisive role in managing body
weight, thus preventing obesity, a risk factor for numerous chronic conditions, including
type 2 diabetes, hypertension, and cardiovascular diseases [8]. Regular exercise improves
flexibility, balance, and coordination, which is essential in preventing accidents and falls,
particularly for older adults [9]. Regular PA helps to maintain bone and joint health, reduc-
ing the risk of osteoporosis and other degenerative diseases of the musculoskeletal system.

People can integrate various forms of PA into their daily lives and not only traditional
sports or structured exercises that contribute to physical and mental health [10]. Occu-
pational activities, such as physical work performed at the workplace, can significantly
maintain good health [11,12].

PA positively impacts mental health, reducing symptoms of depression and anxiety,
increasing PH, and improving overall well-being [13]. Several studies have confirmed the
physiological effects of physical exercise, showing that PA can significantly and positively
impact mental health [14-19]. Physical exercises contribute to developing a daily routine
and structure, improving sleep quality and positively affecting mental health [20]. A regular
exercise program can provide control and predictability, essential in reducing stress and
anxiety [21,22].

Building emotional resilience is another effect of PA, providing individuals with
better mechanisms to cope with daily stress and challenges. Regular participation in
physical exercise can contribute to developing a more positive mindset, as PA promotes
a sense of achievement and self-efficacy [23]. This fact is a determinant in increasing
self-confidence and self-esteem, fundamental elements of psychological well-being [13].
Adequate physical activity positively influences individuals” subjective well-being and
contributes to developing a more positive psychological perspective, improving social
relationships, and increasing overall life satisfaction [19,24]. Integrating physical exercise
into daily routines is essential in maintaining a healthy balance between body and mind,
profoundly impacting quality of life [25].

Socially, participation in PA, such as team sports or fitness classes, can encourage
social interaction and the formation of new relationships, thus contributing to developing
social skills and increasing the sense of belonging to a community [26]. PA brings evident
physical benefits and profoundly impacts social health, making it important in maintaining
a healthy and balanced life [13,27,28]. Therefore, integrating PA into daily routines is an
effective strategy to ensure robust mental health and PH and enhance overall well-being.
This social aspect is critical for general well-being, as social support and interaction with
others constitute significant determinants of mental and emotional health [10,29].
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Physical exercise and sports are often associated with improved cognitive performance
and concentration. Regular PA can improve memory, attention, and learning capacity, thus
significantly benefiting physical health and intellectual performance [30]. Regular PA
improves physical health and profoundly impacts psychological well-being and overall
PH [29,31-33]. Through a holistic approach to health, which includes both psychological
and social aspects, individuals can aspire to a society where they not only live longer but
live better, with a deep sense of fulfillment and satisfaction [34].

Studies have shown that people who regularly engage in PA tend to report higher lev-
els of energy, improved mood, and an increased ability to cope with daily stress [23]. These
benefits directly translate into improving the perception of quality of life [35]. Involvement
in PA can provide a sense of personal achievement and progress, which fuels self-esteem
and self-confidence [36]. Physically active individuals often report greater ease in perform-
ing daily tasks, from climbing stairs to carrying groceries or playing with children. This
increase in functional capacity significantly contributes to feelings of independence and
autonomy, which are significant factors in PH [37].

PA improves the body’s effort capacity and endurance, allowing the individual to per-
form daily activities more efficiently and have a more active life. Improved cardiovascular
function means that the heart and lungs work more efficiently, transporting oxygen and
nutrients throughout the body [3]. This fact proves essential in preventing heart disease and
stroke, which rank among the leading causes of death globally. PA also positively impacts
other health markers, such as cholesterol and blood sugar levels, which are decisive in
preventing metabolic diseases and ensuring a HL [5]. However, leisure-time PA is also asso-
ciated with higher risks of malignant melanoma and prostate cancer. This may be explained
by the fact that outdoor activities expose the skin to ultraviolet radiation, thus increasing
the risk of skin cancer [38]. Furthermore, some studies suggest that intense physical exercise
can influence hormone levels, which may impact the risk of prostate cancer.

This paper proposes Hypothesis H1 to test the relationship between PA, HL, LE,
and PH.

Hypothesis H1. PA has a significant positive impact on HL years, LE, and PH.

PI and a sedentary lifestyle have severe consequences for cardiovascular health, in-
creasing the risks of hypertension, coronary heart disease, and stroke [39]. Physically
inactive individuals face a higher risk of developing obesity, which in turn serves as a risk
factor for numerous other chronic conditions, including heart disease, diabetes, and certain
types of cancer [40]. Excess weight can lead to orthopedic problems, such as osteoarthri-
tis, and negatively affect mental health by lowering self-esteem and increasing the risk
of depression. People who do not engage in regular physical activity may experience a
deterioration in their overall quality of life [30].

The negative impact of PI extends beyond the individual, affecting families and
society as a whole. Families may experience an increased financial burden due to the
medical costs associated with treating inactivity-related diseases and obesity. Moreover,
workplace productivity can suffer, as physically inactive employees have a higher likelihood
of experiencing chronic diseases and taking frequent medical leave [12]. At a societal
level, PI contributes to rising costs in public health systems due to the need to treat more
patients with chronic conditions. Promoting an active lifestyle through public policies and
community programs can significantly reduce these costs and improve the population’s
overall health. PA plays a central role in maintaining mental and emotional health [10]
and promotes better weight management, reduces inflammation, and enhances immune
system function.

This paper proposes Hypothesis H2 to investigate the relationship between PI, HL,
LE, and PH.

Hypothesis H2. PI has a significant adverse impact on HL years, LE, and PH.
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The significant disparities in leisure-time PA (LTPA) levels among different welfare
state models in Europe reflect the profound impact that social, economic, and cultural
structures have on health-related behaviors [41]. These differences represent more than
mere statistics; they manifest concretely how public policies, infrastructure, and societal
values shape citizens’ lives and choices [9].

The Nordic welfare model, characterized by substantial investments in public services,
education, and health promotion programs, creates an environment conducive to PA.
These countries tend to have well-developed infrastructures for outdoor activities, such
as bicycle paths, parks, and sports facilities accessible to the general public. The Nordic
culture strongly values time spent in nature and PA, which is reflected in the high rate of
participation in LTPA [10,41].

In contrast, the Mediterranean model, although recognized for other positive aspects
of lifestyle (such as the Mediterranean diet), appears less effective in promoting structured
LTPA [42]. This situation may stem from a combination of factors, including cultural
differences in the perception of active aging, less developed infrastructure for PA, and
possibly the greater reliance on family networks for elderly care, which may limit the
opportunities or motivation for LTPA.

The importance of perceiving opportunities to engage in LTPA in the residential area
underscores the significant role of urban planning and local policies in promoting an
active lifestyle [9]. The availability and accessibility of green spaces, sports facilities, and
community PA programs can significantly influence participation levels. This suggests that
community-level interventions can substantially impact LTPA levels [41].

Moreover, these differences raise important questions about health equity at the
European level. If opportunities for LTPA are distributed unequally across different regions
and welfare state models, this may contribute to broader inequalities in HL and PH for the
elderly population [11]. Addressing these disparities may require a coordinated approach
at the European level, considering specific cultural and economic contexts but aiming to
increase the overall PA levels across all regions [42].

Another critical aspect involves how these differences in LTPA translate into long-
term health outcomes. Nordic countries tend to have a higher LE, which researchers may
partially attribute to higher levels of PA [11]. Understanding and replicating the success
factors from the Nordic model could offer valuable insights to improve the population’s
health across Europe [10].

This paper proposes Hypothesis H3 to investigate the relationship between physical
PA, HL, LE, and PH.

Hypothesis H3. European Union countries with a high level of PA have higher HL years, LE, and
PH levels.

2.3. Selected Variables

To evaluate the relationships between PA, HL, LE, and PH, we selected the following
variables: healthy life years at birth (HLYB), life expectancy at birth (LRB), self-reported
happiness levels, and variables related to physical exercise and PA.

PA encompasses various movements and activities that form part of daily life: occupa-
tional PA, transport-related PA, household PA, and LTPA. This comprehensive approach to
PA underscores the importance of adopting an active lifestyle in all aspects of life and not
only during time dedicated to planned exercises [41-45]. Acknowledging and promoting
all of these forms of PA can contribute to creating healthier and more active societies where
people value and encourage movement in all aspects of daily life.

This paper uses data from the Eurobarometer published by the European Commis-
sion [11] to describe the PA variables. The Eurobarometer’s approach to assessing the PA of
the European population, with a focus on LTPA, offers a valuable but limited perspective
on overall PA levels. This focus on LTPA reflects the growing importance given to leisure
time and recreational activities in modern societies but also raises important questions
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about how we measure and understand PA in a broader context. Including structured
sports exercises and less formal leisure activities in the definition of LTPA represents an
essential step in recognizing the diversity of the ways in which people can be physically
active. This more inclusive approach can better capture the reality of daily life for many
Europeans, where activities such as gardening or dancing may constitute a significant part

of their total PA. Table 1 shows the research variables selected.

Table 1. Selected variables and measures.

Variable Dataset Measure Source
HLYB Healthy life years in absolute value at birth Percentage [46]
LEB Life expectancy in absolute value at birth Percentage [46]
PH_A Persons being happy in the last four weeks—Always Percentage [47]
PH_MOTT Persons being happy in the last four weeks—Most of the time Percentage [47]
PH_S Persons being happy in the last four weeks—Sometimes Percentage [47]
PH_R Persons being happy in the last four weeks—Rarely Percentage [47]
PH_N Persons being happy in the last four weeks—Never Percentage [47]
PH_DK Persons being happy in the last four weeks—I don’t know Percentage [47]
EPS_R Exercise or play sports—Regularly Percentage [11]
EPS_WSR Exercise or play sports—With some regularity Percentage [11]
EPS_S Exercise or play sports—Seldom Percentage [11]
EPS_N Exercise or play sports—Never Percentage [11]
EPS_DK Exercise or play sports—I don’t know Percentage [11]
OPA_R Other physical activity—Regularly Percentage [11]
OPA_WSR Other physical activity—With some regularity Percentage [11]
OPA_S Other physical activity—Seldom Percentage [11]
OPA_N Other physical activity—Never Percentage [11]
OPA_DK Other physical activity—I don’t know Percentage [11]
VPR_1-3d Vigorous physical activity—1-3 days Percentage [11]
VPR_4-7d Vigorous physical activity—4-7 days Percentage [11]
VPR_N Vigorous physical activity—Never Percentage [11]
VPR_DK Vigorous physical activity—I don’t know Percentage [11]
MPR_1-3d Moderate physical activity—1-3 days Percentage [11]
MPR_4-7d Moderate physical activity—4-7 days Percentage [11]
MPR_N Moderate physical activity—Never Percentage [11]
MPR_DK Moderate physical activity—I don’t know Percentage [11]
W_1-3d Walk for at least 10 min—1-3 days Percentage [11]
W_4-7d Walk for at least 10 min—4-7 days Percentage [11]
W_N Walk for at least 10 min—Never Percentage [11]
W_DK Walk for at least 10 min—I don’t know Percentage [11]
S_L Time spent sitting on a usual day—2 h 30 min or less Percentage [11]
S_Mo Time spent sitting on a usual day—2 h 31 min to 5 h 30 min Percentage [11]
S_Mu Time spent sitting on a usual day—>5 h 31 min to 8 h 30 min Percentage [11]
S_Vmu Time spent sitting on a usual day—8 h 31 min or more Percentage [11]
S_DK Time spent sitting on a usual day—I don’t know Percentage [11]

Source: Developed by the authors based on [11,46,47].

2.4. Methods

We employed two methods for data analysis: artificial neural network analysis and
cluster analysis. Artificial neural network analysis allowed us to evaluate the complex
relationships between our variables, providing a detailed perspective on how PA and PI
influence HL, LE, and PH. This method identifies the nonlinear patterns and interactions be-
tween variables [48]. Cluster analysis grouped the European Union countries based on their
levels of PA, HL, LE, and PH [49]. This method highlighted the differences and similarities
between the countries, allowing us to identify groups with similar characteristics.

3. Results

This section provides an overview of the research findings, structured around the three
main hypotheses (H1, H2, and H3) and their corresponding research questions (RQ1, RQ2,
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and RQ3). The results highlight the relationships between PA, PI, and key health indicators:
HL, LE, and PH. Each hypothesis is examined through different analytical techniques,
providing insights into the influence of PA and PI on health outcomes across EU countries.

3.1. Results Related to Hypothesis H1

Investigating Hypothesis H1 involved using a multilayer perceptron (MLP) in an
artificial neural network analysis. The results of this research help us to answer RQ1: To
what extent does PA influence HL years, LE, and PH? The analysis provides insightful
correlations and highlights the significant impact that PA has on these health-related indi-
cators.

The MLP’s input layer comprises variables describing PA: exercise or play sports—
regularly; other physical activity—regularly; vigorous physical activity—4-7 days; moder-
ate physical activity—4-7 days; walk for at least 10 min—4-7 days; time spent sitting on a
usual day—2 h 30 min or less. The output layer includes variables representing HL, LE,
and PH: healthy life years in absolute value at birth; life expectancy in absolute value at
birth; persons being happy in the last four weeks—always; persons being happy in the last
four weeks—most of the time; persons being happy in the last four weeks—sometimes;
persons being happy in the last four weeks—rarely; persons being happy in the last four
weeks—never. An intermediary hidden layer, representing the active lifestyle adopted
by citizens of each EU country, exists between these layers. The relationship diagram in
Figure 2 illustrates the connections between the input variables, the hidden layer, and the
output variables, highlighting the model’s complexity and the interactions between PA,
HL, LE, and PH.

Synaptic Weight = 0
=== Synaptic Weight <0

™
EPS_R
~,

Hidden layer activation function: Sigmoid

Cutput layer activation function: Sigmoid

Figure 2. The MLP model concerning PA, HL, LE, and PH relationships. Source: authors’ design
using SPSS v.27.

In Figure 2, the connections between nodes are represented by lines indicating synaptic
weights, with gray lines denoting positive weights (>0) and blue lines representing negative
weights (<0). The model employs sigmoid activation functions for both the hidden and
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output layers. This MLP structure is designed to process input data through the hidden
layer and produce multiple outputs, suggesting its capability for complex predictions or
classifications based on various input factors.

Table 2 shows the predictors for the input and hidden layers and the importance of

the input variables.

Table 2. MLP model predictors for PA.

Predicted
Hidd
Predictor L;y eretll Output Layer Importance
H(:1) HLYB LEB PHA PHMOTIPH.S PHR PHN Importance  ormalized
mportance
(Bias) —0.029
EPS_R 1.243 0.290 62.1%
Input OPA_R —0.241 0.057 12.1%
Laper VPR_4_7d —2.130 0.466 100.0%
Y MPR_4_7d 0.228 0.053 11.4%
W_4_7d 0.360 0.086 18.5%
S L 0.204 0.048 10.2%
Hidden (Bias) —0.772  —0.405 —0956 —0.0277 0316 —0.042 —0.826
Layer 1 H(1:1) 1.008 1.662 0.467 0748  —1.057 —1.128 —1.117

Source: authors’ design using SPSS v.27.

PA significantly impacts HL, LE, and PH. The model highlights a robust positive influ-
ence between PA and LEB (1.662), suggesting that individuals who frequently participate
in PA tend to have augmented longevity. Furthermore, a positive influence exists between
PA and HLYB, with a weight of 1.008, indicating that PA not only extends life but also
improves its quality by increasing the period during which a person enjoys good health.

Regarding PH, various relationships emerge between PA and various reported happi-
ness levels. A positive influence appears with the feeling of being “always” and “most of
the time” happy, while negative influences are observed with the feeling of being “some-
times”, “rarely”, and “never” happy. These results suggest that regular PA tends to increase
the frequency of PH and decrease the frequency of unhappiness or indifference.

Different types of PA hold varying importance in the model. Regular exercise or sports
practice has the highest positive weight, strongly influencing HL, LE, and PH. Conversely,
vigorous PA performed 4-7 days a week shows a significant negative weight, possibly
suggesting that frequent intense exercise may have adverse effects, potentially due to
overexertion or an increased risk of injury or various diseases. Moderate PA and walking
have positive weights, emphasizing the benefits of regular PA, even at moderate intensities.

The MLP model provides solid evidence that regular and moderate PA has a significant
positive impact on HL, LE, and PH, confirming the validity of Hypothesis H1. These results
underscore the importance of incorporating PA into daily routines to improve HL, LE, and
PH, highlighting the complexity of the relationships between different types and intensities
of PA and various aspects of health and happiness.

3.2. Results Related to Hypothesis H2

Investigating Hypothesis H2 involved using another MLP in a network analysis. The
results of this research help us to answer RQ2: Does PI significantly affect HL years, LE,
and PH? The findings reveal the extent to which PI influences these indicators, providing
a clearer understanding of its role in shaping health outcomes. The MLP’s input layer
comprises variables describing PI: exercise or play sports—never; other physical activity—
never; vigorous physical activity—never; moderate physical activity—never; walk for at
least 10 min—never; time spent sitting on a usual day—=8 h 31 min or more. The output
layer includes variables representing HL, LE, and PH: healthy life years in absolute value at
birth; life expectancy in absolute value at birth; persons being happy in the last four weeks—
always; persons being happy in the last four weeks—most of the time; persons being happy
in the last four weeks—sometimes; persons being happy in the last four weeks—rarely;
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persons being happy in the last four weeks—never. An intermediary hidden layer, repre-
senting the inactive lifestyle adopted by citizens of each EU country, occurs between these
layers. The hyperbolic tangent activation function for the hidden layer and the sigmoid
activation function for the output layers facilitate the capture of nonlinear relationships
between the variables. The relationship diagram in Figure 3 illustrates the connections
between the input variables, the hidden layer, and the output variables, highlighting the
model’s complexity and the interactions between PI, HL, LE, and PH.

Synaptic Weight = 0
= Synaptic Weight = 0

Hidden layer activation function: Hyperbolic tangent

Cutput layer activation function: Sigmoid

Figure 3. The MLP model concerning PI, HL, LE, and PH relationships. Source: authors’ design using
SPSS v.27.

In Figure 3, the connections between nodes are represented by lines indicating synaptic
weights, with gray lines denoting positive weights (>0) and blue lines representing negative
weights (<0). The model employs sigmoid activation functions for both the hidden and
output layers.

Table 3 shows the predictors for the input and hidden layers and the importance of
the input variables.
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Table 3. MLP model predictors for PI.
Predicted
Predictor .
I]:I;sg:rll Output Layer Importance
. Normalized
H(1:1) HLYB LEB PH_.A PHMOTIPH.S PHR PHN Importance Importance
(Bias) 0.014
EPS_N —0.949 0.389 100.0%
Input OPA_N —0.435 0.167 42.9%
L ap or VPR_N 0.345 0.105 26.9%
Y MPR_N —0.598 0.207 53.3%
W_N —0.314 0.114 29.4%
S_Vmu —0.056 0.018 4.5%
Hidden (Bias) —-0.029 0456 —-0.757 0129 —-0.127 —0471 —1.387
Layer 1 H(1:1) —0.468  0.585 —-0219 0570 —0.664 —0.346 —0.219

Source: authors’ design using SPSS v.27.

Analyzing the data reveals that PI has a complex and generally negative influence on
various aspects of HL, LE, and PH. Firstly, the absence of exercise and sports (EPS_N) has
the most significant negative impact, with a weight of —0.949 and normalized importance of
100%. This fact suggests that the complete absence of structured PA is the most detrimental
factor to HL, LE, and PH. Following this, the lack of moderate PA (MPR_N) has a weight
of —0.598 and normalized importance of 53.3%, indicating that the absence of medium-
intensity physical activity also has a significant negative effect. The absence of vigorous PA
(VPR_N) has a positive weight of 0.345, suggesting that the absence of highly demanding
exercise is not necessarily harmful. This situation could be interpreted in the context of the
risks associated with overexertion or injuries caused by overly intense PA.

Prolonged sitting (S_Vmu) has a relatively small negative weight (—0.056). However,
this should not minimize the importance of reducing sedentary behavior, particularly since
other studies have shown the negative effects of prolonged sedentary behavior [39,40].
Regarding the impact on HL and LE, PI negatively influences healthy life years at birth
(HLYB), with a weight of —0.468. In contrast, it positively influences LEB, with a weight
of 0.585. This apparent contradiction might suggest that although PI does not necessar-
ily reduce life span, it negatively affects life quality and the number of years lived in
optimal health.

Regarding PH, the model shows that PI negatively impacts the feeling of being “al-
ways” happy (—0.219) and “sometimes” happy (—0.664), while positively influencing the
feeling of being happy “most of the time” (0.570). This fact suggests that PI may lead
to more significant fluctuations in emotional states, reducing periods of constant PH. It
is essential to note the strongly negative influence of PI on the feeling of never being
happy (—0.219), which might indicate that a deficiency in PA increases the risk of anxiety
and depression.

In conclusion, this MLP model highlights the complex negative impact of PI on HL,
LE, and PH, confirming the validity of Hypothesis H2. It underscores the importance of
maintaining an adequate PA level to improve one’s physical and mental health.

3.3. Results Related to Hypothesis H3

Investigating Hypothesis H3 involved a cluster analysis, which grouped the EU
countries based on their PA, HL, LE, and PH levels. The results of this research help us
to answer RQ3: Do countries with a high level of PA record more HL years, higher LE,
and superior levels of PH compared to countries where PA is at a low level? The analysis
highlights significant patterns, demonstrating that countries with higher PA levels generally
tend to achieve better health outcomes.

The Ward method minimizes intra-cluster variance, thus ensuring the formation of
homogeneous groups. The Ward method is a hierarchical agglomerative technique that
minimizes the total variance within each cluster [50]. At each agglomeration stage, two
clusters are joined to minimize the sum of squared differences between points in the cluster
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and the cluster center. As a distance measure, this study used the squared Euclidean
distance, a variant of the Euclidean distance that measures the square of the direct distance
between two points in a multidimensional space.

This study identified distinct groups of EU countries exhibiting similar characteristics
regarding PA, HL, LE, and PH levels. This fact gave a deeper understanding of how these
countries stand concerning these indicators and highlighted significant variations among
them. Figure 4 shows the dendrogram resulting from the cluster analysis.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
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| L] I I 1
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Figure 4. Dendrogram. Source: authors’ design using SPSS v.27.

Table 4 presents data on PA, HL, LE, and PH within EU countries, which are grouped
into two clusters.

A careful analysis of the data from Table 4 reveals significant differences between the
two groups of countries. Cluster A, which includes countries such as Luxembourg, Slovenia,
Ireland, and Germany, generally shows higher values for the PA and PH indicators. The
average HLYB for this cluster is 60.4 years, slightly below the EU average of 62.1 years.
However, the LEB is 80.3 years, above the EU average of 79.9 years. Regarding PH,
the countries in Cluster A have a higher average number of people who report being
“always” happy and “most of the time” happy (63.5%) compared to the EU average (61.4%).
These countries have lower rates of people reporting being “sometimes”, “rarely”, or
“never” happy.
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Table 4. Clusters.

HLYB LEB PH A PHMOTT PHS PHR PHN EPSR OPAR VPR47d MPR47d W_47d S L
Luxembourg 60.2 83.0 14.2 62.7 17.3 4.2 0.7 13 22 25 30 66 20
Slovenia 66.7 81.3 10.5 55.8 24.5 7.6 1.1 11 18 20 31 69 19
Ireland 66.0 82.6 7.9 65.5 22.0 3.5 1.1 13 10 26 35 65 16
Spain 61.2 83.2 22.8 445 26.0 4.8 1.9 11 10 25 30 77 10
Germany 61.1 80.7 14.3 52.7 18.8 12.8 1.4 8 18 23 46 73 19
Estonia 59.3 78.1 5.4 447 35.3 11.3 3.3 8 17 33 39 68 13
Lithuania 60.3 75.8 11.5 36.6 32.3 9.2 2.5 9 25 32 44 65 13
Latvia 54.2 74.5 6.1 30.7 38.4 16.6 6.4 9 25 32 31 61 17
Slovakia 57.3 77.0 10.1 46.1 28.4 6.7 1.5 6 21 40 37 66 19
Denmark 55.9 81.3 6.2 58.5 23.1 9.0 1.8 11 32 24 40 70 9
Sweden 66.5 83.1 6.3 63.0 23.8 6.1 0.8 9 31 23 31 65 8
Finland 57.9 81.2 7.3 66.7 19.4 5.4 0.8 18 27 32 37 71 14
Netherlands 58.5 81.7 10.6 65.1 194 3.4 0.9 7 43 24 51 67 7
CEZ;‘;TSA 60.4 80.3 10.2 53.3 25.3 7.7 1.9 10.2 23.0 27.6 37.1 67.9 14.2
EU means 62.1 79.9 10.8 50.6 27.0 8.0 1.8 7.6 16.2 249 32.4 59.6 15.1
Croatia 60.3 77.7 5.8 39.7 39.5 9.9 2.1 6 11 28 31 52 23
Romania 59.0 75.1 5.4 39.8 37.7 11.8 1.6 2 5 34 35 59 23
Hungary 62.6 76.0 12.0 50.4 25.2 10.8 1.6 4 16 27 41 45 24
Italy 67.4 82.8 14.1 41.2 33.7 6.2 14 3 5 18 23 48 15
Portugal 59.1 81.8 19.0 46.9 242 7.0 2.1 4 4 22 21 49 21
Malta 70.2 82.4 5.5 56.4 28.2 6.2 1.5 7 4 15 17 48 11
Poland 62.4 77.2 15.5 58.4 18.3 5.7 0.7 2 6 20 28 41 23
Bulgaria 66.7 74.2 4.8 31.7 38.5 15.1 2.3 4 8 26 26 63 11
Czechia 61.8 79.0 44 38.6 39.8 10.6 14 7 12 19 21 65 11
Greece 67.0 80.8 17.3 40.7 27.7 10.7 3.5 4 8 21 28 54 5
Belgium 63.7 81.8 l6.1 62.4 16.4 4.1 1.0 4 19 16 32 52 16
France 64.4 82.3 15.8 50.6 242 6.7 22 8 16 19 29 59 16
Cyprus 66.0 81.6 10.5 55.3 26.1 6.3 1.3 11 13 25 27 45 16
Austria 60.9 81.4 13.0 60.9 19.8 53 1.0 7 11 22 34 45 10
C}E:;‘:ISB 63.7 79.6 114 48.1 28.5 8.3 1.7 52 9.9 22.3 28.1 51.8 16.1
EU means 62.1 79.9 10.8 50.6 27.0 8.0 1.8 7.6 16.2 249 32.4 59.6 15.1

Source: authors’ design using SPSS v.27.

PA is significantly higher in Cluster A. For example, the average for regular exercise
or sports practice (EPS_R) is 10.2%, compared to the EU average of 7.6%. Similarly, other
regular physical activities (OPA_R) have an average of 23% in Cluster A, compared to the
EU average of 16.2%. Cluster B, which includes countries such as Croatia, Romania, Italy,
and France, presents a mixed picture. The average HLYB is higher in Cluster B (63.7 years)
than in Cluster A and the EU average. However, the LEB (79.6 years) is slightly lower than
the EU average and that in Cluster A. Cluster B has a higher percentage of people who
declare themselves happy “always” (11.4%). Still, fewer people declare themselves happy
“most of the time” (48.1%) compared to Cluster A (53.3%). PA in Cluster B is generally
lower than in Cluster A and below the EU average, with an average of only 5.2% for EPS_R
and 9.9% for OPA_R.

In conclusion, the results presented in Table 4 provide a comprehensive overview
of the state of PA, HL, LE, and PH in the EU, highlighting the significant differences
between the two clusters of countries. These findings confirm the validity of Hypothesis
H3, suggesting that countries with higher PA levels generally show better indicators of
HL, LE, and PH. The data emphasize the importance of promoting PA at the individual
and national levels to improve EU citizens” HL, LE, and PH. The clustering of countries
highlights the need for customized strategies to address each country’s specific challenges
and opportunities, recognizing the diversity and complexity of the factors influencing PA,
HL, LE, and PH in the EU.

4. Discussion

This paper investigates the relationships between PA, HL, LE, and PH indicators,
testing and validating three main hypotheses. Hypothesis H1 explored the relationships
between PA, PI, HL, LE, and PH, suggesting that it should become part of the daily routine,
making people more consistent in practicing exercise. The analysis revealed that PA,
mainly moderate activity, has a significant positive impact on HL, LE, and PH, confirming
the validity of Hypothesis H1. Previous studies in the literature support these findings.
The literature highlights that moderate PA effectively improves subjective well-being and
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prevents mental health problems, confirming our findings. Shennar-Golan [51] emphasizes
that moderate PA, being more accessible and sustainable, proves preferable for most people
compared to high-intensity exercise, which may be too demanding. Regular PA significantly
contributes to preventing and treating a wide range of diseases while improving mental
health and overall quality of life [52,53].

PA also plays a decisive role in stress management by reducing cortisol levels, the
stress hormone, leading to a general state of relaxation. Wang and Wang [54] mention that
people who engage in regular PA report a more remarkable ability to cope with stressful
situations and more excellent stress resistance. Sleep quality also reflects this action, where
physical exercise helps to regulate the circadian rhythm and promotes more profound and
restful sleep.

Regular PA can also release accumulated tension, preventing stress buildup and
reducing the risk of burnout and other problems associated with chronic stress, as shown
by the study of Kiecolt-Glaser et al. [21]. In addition to reducing stress, PA promotes a
sense of achievement and control, thus improving self-confidence and self-esteem, essential
aspects for interpersonal relationships and overall life satisfaction, as mentioned by Gualdi-
Russo and Zaccagni [52].

Our findings align with recent studies concerning moderate PA’s positive effects on
subjective well-being. Yang et al. [19] emphasize that moderate-intensity exercises, such
as walking, light cycling, or swimming, allow the body to benefit from the advantages
of movement without subjecting it to excessive stress, thus leading to a general state of
well-being and an increased sense of control over one’s life. White et al. [55] add that these
moderate exercises reduce symptoms of anxiety and depression, contributing to greater
mental resilience and a more positive outlook on life, with the psychological benefits being
particularly significant in improving quality of life.

Moderate PA proves indispensable in preventing and treating chronic diseases and
improving mental health and quality of life, contributing to increased subjective well-
being [56]. Our results demonstrate that PA contributes to improved PH. This feeling of
PH is also reflected in one’s mental state, contributing to a better mood and a reduction
in stress and anxiety levels [57-60]. In the context of healthy aging, outdoor sports prove
particularly beneficial for older adults [61]. These activities offer movement and physical
exercise opportunities, socialization, and interactions with nature, which can positively
impact mental and emotional health. Studies have shown that older adults who engage
in outdoor sports maintain better physical function and are less susceptible to developing
age-related conditions such as arthritis and osteoporosis [62].

The investigation of Hypothesis H2 involved using an MLP to analyze the impact of PI
on HL, LE, and PH in the EU. The analysis showed that a lack of PA has the most significant
adverse effects on HL and PH, confirming the validity of Hypothesis H2. Previous studies
in the literature support these findings. PI has substantial consequences for cardiovascular
health, orthopedic problems, and mental health, lowering self-esteem and increasing the
risk of depression [39]. At a societal level, PI contributes to rising costs in public health
systems due to the need to treat more patients with chronic conditions [12]. The MLP
model demonstrated that the complete absence of structured PA proves to be the most
detrimental factor for HL, LE, and PH. In contrast, even moderate levels of PA can have
significant benefits. Avoiding complete inactivity, including in the workplace [63,64], plays
a decisive role in maintaining good health and a high level of PH.

The cluster analysis highlighted significant differences between the two groups of
EU countries regarding PA, HL, LE, and PH, confirming the validity of Hypothesis H3.
Cluster A, which includes countries such as Luxembourg, Slovenia, Ireland, and Germany,
showed high values for the HL and PH indicators. Countries in Cluster A have a higher
percentage of people who declare themselves happy “always” and “most of the time”
(63.5%) compared to the EU average (61.4%). PA appears significantly higher in Cluster
A than the EU average. In contrast, Cluster B, which includes countries such as Croatia,
Romania, Italy, and France, presents a mixed picture. Although some indicators, such as
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LEB, are close to the EU average, the PA and PH levels are generally lower. The average
for regular exercise or sports practice (EPS_R) in Cluster B is well below the EU average.
This fact suggests that countries in Cluster B might face more significant challenges in
promoting PA and PH among their populations. However, the diversity within this cluster
indicates that some countries might be performing better than others in certain areas. These
observations suggest that although Cluster B has lower rates of PA, it presents a higher
average number of HL years. This finding indicates that other factors, such as diet, cultural
differences, and climate, are essential in determining HL, LE, and PH. These findings
support previous research highlighting the significant impact of social, economic, and
cultural structures on health-related behaviors, alongside PA [41].

4.1. Theoretical Implications

The findings of this study emphasize the importance of promoting regular PA, particu-
larly of moderate intensity, as a determinant strategy to enhance quality of life and prevent
health issues. The study highlighted a robust positive link between PA, HL, and LE, em-
phasizing that individuals who engage in regular physical exercises tend to live longer and
enjoy better quality of life. Moreover, this research underscores the importance of moderate
PA, which has proven more sustainable and accessible for most of the population compared
to high-intensity exercises. This finding suggests that moderate PA should receive priority
in public health recommendations. This research contributes to the existing literature
by highlighting the psychological effects of PA on PH. The study offers solid empirical
evidence regarding the role of PA in promoting PH. The empirical models have shown
that PA is associated with a higher frequency of states of happiness and a reduction in
states of unhappiness or indifference, emphasizing the importance of integrating physical
exercise into daily life to improve one’s quality of life. These theoretical implications not
only broaden the understanding of the benefits of PA but also provide a foundation for the
development of more effective policies in public health and health psychology.

4.2. Practical Implications

The results of this study suggest that public health programs should actively encourage
moderate PA, which has proven to be more sustainable and accessible across various age
groups. This approach can involve implementing information and education campaigns
that highlight the benefits of activities such as walking, light cycling, and other forms of
moderate exercise. Policies that enhance access to public spaces dedicated to PA—such as
parks, bike lanes, and community sports facilities—can foster increased participation in
physical activity among the population.

The findings underscore the importance of integrating regular exercise into individuals’
daily routines to improve PH. Mental health professionals can use this information to
recommend PA as part of treatment plans for patients experiencing depression, anxiety,
and other mood disorders. Workplace wellness programs may benefit from incorporating
regular exercise sessions to alleviate stress and enhance employee productivity. Educators
and community leaders can also leverage these findings to create initiatives promoting
PA among youth, which can help to mitigate the risks of obesity and other health issues
associated with sedentary lifestyles. Schools should consider increasing the number of
physical education classes and organizing sports events to encourage active participation
among students.

The results also indicate that PA positively influences happiness and well-being,
suggesting that interventions promoting physical activity could yield long-term benefits
for overall life satisfaction. This result is particularly relevant for aging populations, where
maintaining good health and a positive outlook becomes increasingly critical. Programs
customized to the needs and abilities of seniors can promote an active and healthy lifestyle.

The significant variability in PA patterns across different countries highlights the
necessity for customized and multidimensional approaches to promoting physical activity
among seniors. This approach involves not only public health policies but also a re-
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evaluation of urban design, leisure time organization, and societal attitudes toward PA.
Europe can make significant strides toward fostering a healthier and more active senior
population, thereby enhancing quality of life and reducing long-term healthcare costs.

4.3. Limitations

Certain limitations in our study might affect the interpretation and generalization of
the results. One major limitation is the focus on aggregated country-level data, which can
mask significant regional or individual variations. Socioeconomic, cultural, and environ-
mental factors specific to each region or locality can significantly influence PA levels, HL,
and LE—aspects not fully captured in a national-level analysis.

The cross-sectional nature of the data used limits our ability to establish transparent
causal relationships between PA, PI, HL, LE, and PH. Although the statistical models
used suggest robust associations, they cannot definitively demonstrate causality, which
would require long-term longitudinal studies. Other factors were omitted, despite efforts
to include a wide range of relevant variables in the analysis, due to the scarcity of data.
Factors like diet, genetic factors, healthcare system quality, and public health policies
may significantly influence health and well-being outcomes. However, they could not be
included in our models due to data limitations.

The exclusive focus on LTPA from the Eurobarometer data [11] used in this study also
imposes significant limitations. The Eurobarometer tends to underestimate the total PA
levels of individuals who have physically active jobs or exhibit substantial transport or
household PA levels. Particularly in the European context, where considerable variations
exist in lifestyles and occupational structures between different countries and regions, a
complete picture of PA would require the consideration of all domains of PA.

4.4. Further Research

Due to these limitations, future research could make valuable contributions by con-
ducting longitudinal studies that track cohorts of individuals over extended periods. Such
studies would enable researchers to observe the long-term effects of PA on various dimen-
sions of HL, LE, and PH.

Future research could emphasize how different types of PA—such as aerobic exercises,
strength training, and flexibility workouts—affect these health dimensions in diverse
populations. Understanding the nuances of these relationships could provide insights into
the mechanisms by which PA influences health outcomes. Furthermore, interdisciplinary
studies that integrate perspectives from medicine, psychology, sociology, and public health
policy could offer a more integrated understanding of these complex interactions. Through
collaboration across disciplines, researchers can better address the multifaceted nature of
PA and its impact on health. This approach could uncover social determinants of health
that influence PA participation, as well as psychological barriers that prevent individuals
from engaging in regular physical activity.

Future studies should explore the demographic variables that influence physical
activity (PA) levels, particularly age, as children, adolescents, adults, and seniors show
distinct PA patterns. Factors such as gender, socioeconomic status, and ethnicity also play
critical roles in access to and engagement in PA. The impact of the COVID-19 pandemic
on these dynamics requires investigation, as it may have changed the established PA
behaviors across various populations. Studies should adopt an ecological perspective,
utilizing frameworks like Bronfenbrenner’s Ecological Systems Theory to examine how
individual behaviors are shaped by broader environmental contexts and social systems [65].
Addressing these variables will enhance our understanding of PA and its determinants,
leading to more effective strategies to promote active lifestyles among diverse populations.

Cross-country characteristics that influence physical activity and inactivity can be
another focus of future studies, examining barriers related to factors such as the country,
race, age, culture, occupation, disease, policy, social context, and personal tendencies. This
approach can involve qualitative studies that explore personal attitudes and beliefs about
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exercise, as well as the influence of community resources and support systems. By address-
ing these diverse barriers, future research can contribute to the development of targeted
interventions and policies that promote active lifestyles across various demographics.

5. Conclusions

In the modern era, characterized by increasingly sedentary lifestyles and the rising
prevalence of chronic diseases, understanding the role of PA in promoting health and quality
of life becomes central. The main findings of our research confirmed and extended existing
knowledge in the field. We proved that regular PA has a significant positive relationship
with HL, LE, and PH levels. Moreover, we observed that moderate PA offers the most
accessible and sustainable benefits for most of the population, being more accessible for
integration into daily routines and leading to greater consistency in exercise practices. The
analysis also highlighted the negative consequences of PI, confirming that a lack of exercise
and a sedentary lifestyle have detrimental effects on HL and LE. These findings underscore
the critical importance of policies and programs to reduce sedentary behaviors and promote
an active lifestyle.

This research provides robust evidence for the fundamental role of PA in enhancing
population health and well-being. The findings highlight the necessity for comprehensive
public policies that facilitate and encourage participation in regular PA, customized to
the diverse needs and preferences of the population. Furthermore, this study contributes
to the literature by demonstrating the complex connections between PA and various
health outcomes, offering a valuable framework for future research. At the same time, the
results open new research directions, suggesting the need for more in-depth studies to
understand better the mechanisms through which PA influences various aspects of health
and well-being and to develop more effective strategies to promote an active lifestyle in
modern societies.
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List of Acronyms

Acronym Definition

PA Physical activity

PI Physical inactivity
HL Healthy life

LE Life expectancy
PH Personal happiness

LTPA Leisure-time physical activity
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EU European Union

HLYB Healthy life years in absolute value at birth

LEB Life expectancy in absolute value at birth

PH_A Persons being happy in the last four weeks—Always
PH_MOTT Persons being happy in the last four weeks—Most of the time
PH_S Persons being happy in the last four weeks—Sometimes
PH_R Persons being happy in the last four weeks—Rarely
PH_N Persons being happy in the last four weeks—Never
PH_DK Persons being happy in the last four weeks—I don’t know
EPS_R Exercise or play sports—Regularly

EPS_WSR  Exercise or play sports—With some regularity

EPS_S Exercise or play sports—Seldom

EPS_N Exercise or play sports—Never

EPS_DK Exercise or play sports—I don’t know

OPA_R Other physical activity—Regularly

OPA_WSR  Other physical activity—With some regularity

OPA_S Other physical activity—Seldom

OPA_N Other physical activity—Never

OPA_DK Other physical activity—I don’t know

VPR_1-3d  Vigorous physical activity—1-3 days

VPR_4-7d  Vigorous physical activity—4-7 days

VPR_N Vigorous physical activity—Never

VPR_DK Vigorous physical activity—I don’t know

MPR_1-3d  Moderate physical activity—1-3 days

MPR_4-7d  Moderate physical activity—4-7 days

MPR_N Moderate physical activity—Never

MPR_DK Moderate physical activity—I don’t know

W_1-3d Walk for at least 10 min—1-3 days

W_4-7d Walk for at least 10 min—4-7 days

W_N Walk for at least 10 min—Never

W_DK Walk for at least 10 min—I don’t know

S_L Time spent sitting on a usual day—2 h 30 min or less

S_Mo Time spent sitting on a usual day—2 h 31 min to 5 h 30 min
S_Mu Time spent sitting on a usual day—>5 h 31 min to 8 h 30 min
S_Vmu Time spent sitting on a usual day—38 h 31 min or more
S_DK Time spent sitting on a usual day—I don’t know
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