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Abstract 

Introduction: The obesity epidemic sweeping the world represents a significant 

individual, social, and economic burden. The strong correlation between adiposity 

and poor physical activity levels is thought to be explained by a positive caloric 

imbalance. However, recent results from longitudinal studies show that weight gain 

significantly predicts physical activity levels, while sedentariness does not. The 

traditional idea of obesity growth does not, and cannot, justify this dynamic. 

Therefore, it is reasonable to hypothesise that the relationship between body 

composition and dynamic physical activity is at least bidirectional. Given these 

assumptions, in this thesis, factors of influence on physical activity and a proposed 

physiological mechanism by which adiposity may have a negative effect on 

physical activity levels are explored, and the statistical significance of the findings 

is tested on an Italian population sample. It is assumed that adiposity has an 

important positive effect on effort perception, and a secondary negative effect on 

intrinsic self-perception (e.g., a reduced sense of self-efficacy) so that by shifting 

motivational affectivity from intrinsic to extrinsic, its behavioural effectiveness is 

lost. In other words, weight gain precedes the decline in physical activity levels, 

and increased perceived exertion leads to reduced daily movement. Health 

recommendations are rooted in motivation, and this new perspective would explain 

their limited effectiveness in an adult environment despite the institutional 

investments. Methods: After a scoping narrative literature review and 

identification of a psychophysiological causal framework, a cross-sectional study 
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design was developed and conducted. A battery of tests on motivation, body 

uneasiness, and socioeconomic-behavioural characteristics was administered to an 

Italian general population sample. A submaximal physical test was performed to 

assess cardiorespiratory capacity and record perceived exertion, and finally, 

participants underwent seven days of accelerometer-based monitoring to assess the 

amount of physical activity performed. Results: The causal mechanism was 

established, and a combination of validated physical activity measurement tools, 

including questionnaires, accelerometers, and pedometers, was used. Statistical 

analysis confirms reduced participation in physical activity and active mobility by 

subjects with body weight above overweight thresholds, as measured by various 

indices, and also reveals significant increases in perceived exertion among those 

with high adiposity compared to normal-weight counterparts. While the statistical 

model does not fully account for all aspects of the hypothesised framework, it 

robustly validates the most critical directional relationship between adiposity and 

exertion perception in the general population, providing strong support for the 

primary hypothesis. 
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Glossary 
The following terms are frequently used in this thesis and are defined to support 

clarity and ease of reading. However, references to supporting literature appear in 

the main text, where they can be explored in their full context. 

Core Concepts 

• Active Commuting (AC) 

It refers to the same concept 

of Active Mobility, but with a 

focus on the habitual routes. 

• Active Mobility (AM) 

It is regular physical activity 

undertaken as a means of 

transport. It commonly 

includes all travels by foot, 

by bicycle, roller skates, and 

by any other vehicles that are 

fully or mainly powered by 

human muscle activation. 

• Active Travel 

It refers to the same concept 

of Active Mobility, but 

typically with a focus on the 

travel mode that involves 

physical activity. 

• Affective response (AR) 

The emotional experience 

during or following physical 

activity, which can influence 

motivation for future 

behaviour. 

• Behavioural Regulation 

The processes, both 

conscious and automatic, that 

guide and maintain behaviour 

in accordance with goals, 

motivations, and contextual 

factors. 

• Beliefs About Capabilities 

Cognitions related to 

perceived self-competence 

and confidence in performing 

specific behaviours, often 

operationalized as self-

efficacy. 

• Beliefs About Consequences 

Cognitive evaluations of the 

outcomes of a behaviour, 

encompassing perceived 

risks, benefits, and health 

outcomes. 

• BMI 

The Body Mass Index is a 

measure of body fat based on 

height and weight, applicable 

to both adult men and 

women. It's calculated by 

dividing a person's weight in 

kilograms by the square of 

their height in meters (BMI = 

kg/m²). 

• Body dissatisfaction 

Psychological core construct 

present in the BUT (Body 

Uneasiness Test) that is 

defined as negative self-

evaluations of one’s body 

shape or size. 

• Cardiorespiratory capacity 

The integrated ability of the 

cardiovascular and 

respiratory systems to supply 
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oxygen during sustained 

physical activity. 

• Central motor command 

Activity of premotor and 

motor areas of the brain 

related to voluntary muscle 

contraction. 

• Correlates 

Variables statistically 

associated with a behaviour 

but not necessarily causal. 

• Determinants 

Factors with demonstrated 

causal influence on a 

behaviour, identified through 

longitudinal or intervention 

studies. 

• Environmental 

determinants 

Physical, social, and cultural 

characteristics of the 

environment that shape health 

behaviour (e.g., availability 

of cycling infrastructure, 

neighbourhood safety). 

• Extrinsic motivation 

Engagement in an activity 

driven by external incentives 

or pressures (e.g., rewards, 

recognition, or avoidance of 

punishment), which can vary 

in internalization. 

• Goal-driven behaviour 

Actions initiated and 

sustained by conscious 

objectives, often involving 

motivational and executive 

control processes. 

• Health beliefs 

Perceptions about 

susceptibility to illness, 

severity of consequences, and 

perceived benefits or barriers 

to preventive behaviours, 

central to the Health Belief 

Model. 

• Intentions 

Conscious plans or 

commitments to perform a 

behaviour, central to social-

cognitive models of 

behaviour change. 

• Intrinsic motivation 

Engagement in an activity for 

inherent satisfaction or 

enjoyment, without external 

rewards, closely linked to 

persistence in exercise and 

active lifestyle behaviours. 

• Intrinsic self-perception 

The subjective awareness of 

one’s own bodily and 

psychological states, 

integrating interoceptive 

signals and cognitive 

appraisals that influence self-

regulation and motivation in 

psychophysiological 

processes. 

• Motivational affectivity 

The emotional tone linked to 

motivational states, reflecting 

how affective responses 

modulate the initiation, 

intensity, and persistence of 

behaviour. 

• PASTA Project Framework 

The conceptual model 
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developed within the Physical 

Activity Through Sustainable 

Transport Approaches 

(PASTA) project, integrating 

health, behaviour, and 

transport research. 

• Perceived Behavioural 

Control 

An individual’s belief in their 

capacity to enact a behaviour 

despite barriers, combining 

control beliefs and self-

efficacy. 

• Perception of Effort (PE) 

The conscious sensation of 

how hard one feels they are 

working during physical 

activity, influenced by 

afferent physiological signals 

and central motor command. 

• Potential motivation 

The highest amount of effort 

an individual is willing to 

exert for a given task, 

dependent on perceived value 

of the outcome. 

• Psychobiological Model of 

Endurance Performance 

A theoretical framework 

positing that endurance 

performance is primarily 

limited by perception of 

effort and potential 

motivation, rather than purely 

by physiological capacity. 

• Reasoned influences 

Deliberative, conscious 

determinants of behaviour, 

such as intentions and 

planned evaluations of pros 

and cons. 

• Self-efficacy 

An individual’s belief in their 

capacity to successfully 

execute behaviours necessary 

to achieve specific goals, 

strongly predictive of health 

behaviours and exercise 

adherence. 

• Social Influence 

The impact of perceived or 

actual behaviours, 

expectations, and attitudes of 

others on an individual’s 

actions. 

• Socio-demographic 

characteristics 

Population-based attributes 

such as age, gender, 

socioeconomic status, and 

education, which correlate 

with health behaviours and 

outcomes. 

• Socio-ecological model 

A framework emphasising 

that health behaviours are 

shaped by interacting 

influences across multiple 

levels: social, physical, and 

individual. 

• Time allocation constraints 

Limitations on behaviour 

caused by competing 

demands on an individual’s 

time, which often act as 

barriers to physical activity. 

• Unreasoned influences 

Automatic, habitual, or 
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affect-driven determinants of 

behaviour not requiring 

conscious deliberation. 

• Utility maximisation 

Decision-making principle 

suggesting individuals choose 

behaviours that they perceive 

to provide the highest 

personal benefit relative to 

costs. 

Research Tools 

• Step Test 

An exercise test assessing 

cardiorespiratory fitness, 

based on heart rate recovery 

following a standardized 

protocol that uses a gym step 

as main tool. 

• VAS (Visual Analogue 

Scale) 

A psychometric tool used to 

rate subjective experiences 

(e.g., perceived exertion, 

pain, affect) along a 

continuous scale between two 

endpoints. Different scales 

present different shapes, 

dimensions and 

familiarization process. 

Statistical Terms 

• Brunner-Munzel test 

A nonparametric statistical 

test for comparing two 

independent groups, robust to 

heteroscedasticity and non-

normal distributions, often 

used as an alternative to the 

Mann-Whitney U test in the 

field of psychometry. 

• Mediation analysis 

A statistical approach for 

examining whether the 

relationship between an 

independent variable and an 

outcome is transmitted 

(mediated) through a third 

variable called mediator, that 

in the case of PA behaviour is 

defined as an intervening 

variable that is necessary to 

complete a cause-effect link 

between an intervention 

program and physical 

activity. 
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Chapter 1 

General introduction 

1.1 Introduction 

In an effort to improve the health and well-being of society, a variety of studies 

have been conducted to investigate how to use active mobility (AM) as a healthy 

and emission-free alternative mode of transport. Its benefits on health and general 

fitness could potentially reverse the trend towards physically inactive lifestyles and 

the use of private vehicles (Chandia-Poblete et al., 2022; Kurita et al., 2023; 

Reimers & Demetriou, 2024). However, trends clearly show a decrease in 

participation in this type of behaviour, indicating that interventions are not 

achieving their intended effect (Bauman et al., 2012; Boutari & Mantzoros, 2022; 

P. Ekkekakis et al., 2016; Lemieux & Godin, 2009; Pisoni et al., 2022; Scheepers 

et al., 2014). In particular, these interventions may fail to address the physiological 

and psychological factors that influence physical activity (PA). The conjecture is 

that AM relies on meeting specific fundamental requirements to be practical and 

achievable, and these requirements are not met by the interventions until now 

(Bauman et al., 2012; Kim et al., 2020; Martin-Moraleda et al., 2022). 

Several frameworks have been produced to try to capture the complexity of the 

interaction between external contextual determinants (social and physical) and 
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individual determinants (physiological and psychological). Yet, the lack in making 

successful predictions challenges the practical effectiveness. This is evident by the 

fact that people are not adhering to PA recommendations with obesity still rising 

(Boutari & Mantzoros, 2022) and the private mobility is slowly coming  back to 

pre-COVID level (Abdullah et al., 2021; European Automobile Manufacturers’ 

Association, 2023).  

BMI, despite having intrinsic imprecision as accurate metric for excessive fat, is an 

easy and very common first indicator to determine degree of weight (Boutari & 

Mantzoros, 2022). It is a widely used variable to index health due to its strong 

relationship with diseases and health outcomes (Suchanek et al., 2012; Woolcott & 

Bergman, 2020). While BMI loses its capacity to predict adiposity in athletes with 

high muscle density (Aandstad et al., 2014), in the general population, it remains a 

robust predictor of adiposity (Vinknes et al., 2013; Woolcott & Bergman, 2018). 

The high presence of adiposity, rather than total weight itself, represents the core 

issue of obesity . Weight, from a physiological perspective, varies from the 

homeostatic balance between caloric intake and expenditure(Apovian, 2016; Leibel 

et al., 1995). 

However, in everyday contexts, the contribution of inactivity or sedentary lifestyles 

to excessive adipose tissue accumulation remains ambiguous: traditionally, obesity 

was assumed to result from inactivity driven by low motivation to engage in PA 

(Apovian, 2016; Narayanaswami et al., 2013; Spiegelman & Flier, 2001; Thomas 
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et al., 2012). Yet, longitudinal studies demonstrate that BMI increases often precede 

decreases in PA levels, challenging the conventional causality direction (Ekelund 

et al., 2008; Flint & Cummins, 2016; Flint et al., 2016; Hallal et al., 2012; Sagelv 

et al., 2021). 

This has led researchers to explore alternative explanations, such as the hypothesis 

that increased adiposity is followed by an increased perceived exertion of PA, 

creating a barrier to active transport until the cost outweighs the perceived benefits 

(Ekelund et al., 2008; Hallal et al., 2012; Kroesen et al., 2017; Qiao et al., 2021; 

Sagelv et al., 2021). 

This would in part help explaining the decline in AM following BMI increases 

(Ekelund et al., 2008). BMI and body composition indexes could serve as a valuable 

proxy for investigating broader health and behavioural dynamics, providing a 

foundation to explore how PA is influenced by perceived effort and motivational 

factors (Basso et al., 2020), as other studies have, in part already hypothesized using 

electric vehicles (Cairns et al., 2017; de Geus et al., 2013; Peterman et al., 2016). 

In this study it is so hypothesized that the Rating of Perceived Effort mediates the 

relationship between BMI and PA, particularly active commuting, prompting the 

development of a cross-sectional protocol to investigate the differential impacts of 

perceived effort confronted with other common reviewed predictors categorized in 

motivation, environment and socio-economic factors on this relationship (Bauman 

et al., 2012; Lemieux & Godin, 2009).  
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1.2 Perception of Effort 

The constructs of Perception of Effort, Perceived Exertion, Effort, and Exertion are 

frequently used in ambiguous and inconsistent ways across disciplines (Pageaux, 

2016). Not only are these terms used interchangeably, but their definitions and 

meanings also vary significantly, altering how the variable is applied and 

understood in different contexts (Abbiss et al., 2015). This lack of a shared 

definition contributes to confusion, particularly regarding the role of effort 

perception in human brain function (Halperin & Vigotsky, 2023). 

The concept of effort perception, from now on only PE, is in this work aligned with: 

G. Borg's seminal definition from 1982 (Borg, 1982), later physiologically 

identified by S. Marcora and L. Schmidt (Marcora, 2009; Schmidt et al., 2012), 

expanded later by B. Pageaux (Pageaux, 2016), and most recently addressed by I. 

Halperin and A. Vigotsky (Halperin & Vigotsky, 2024). Collectively, these 

contributions enrich the understanding of the phenomenon, providing a foundation 

for more precise commentary and application in this research and future practices. 

Halperin and Vigotsky explore frameworks, finding different connotations for the 

concept, as PE is explored across various disciplines, yet often linked to physical 

and cognitive activities. In general, they find the common definition as the 

instantaneous experience or sensation of utilizing energy to perform an action, PE 

is distinct from effort itself, which refers to the energy used to perform an action. 

These constructs are central to understanding PA and behaviour, serving as 
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determinants, consequences, and mediators within these domains (Halperin & 

Vigotsky, 2024). 

PE is not fixed, but is both subjective and context-dependent. (Panteleimon 

Ekkekakis et al., 2005; Monjo et al., 2018). It is shaped by the nature of the action, 

individual differences, and external factors. Accordingly, different fields define and 

interpret PE differently. In physical activities like exercise, PE may reflect fatigue, 

strain, and resource depletion, influencing motivation and performance. In the 

cognitive domain, it often correlates with the cost-benefit assessment of a task, 

where higher perceived costs relative to benefits is associated with disengagement 

(Boksem & Tops, 11/2008; Pisoni et al., 2022). In the physical domain, it is 

typically attributed to the feeling in the active limbs, and from difficult or deficient 

respiration (Jameson & Ring, 2000). Researchers however, found that people can 

reliably distinguish the physical or mental origin of the feeling (Swart et al., 2012).  

The PE can be a consequence of PA, with strenuous actions leading to increased 

physical exertion, which influences the individual's willingness to persevere. It may 

also be a determining factor, as high PE associated with an activity may discourage 

initiation or continuation of the activity. In addition, PE may also act as a mediator, 

providing a link between physical exertion and overall performance (Inzlicht et al., 

2018; Shenhav et al., 2017; Székely & Michael, 2021). For example, PE could 

mediate how effort affects outcomes such as endurance or skill performance by 

influencing real-time decision making and resource allocation. 
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Starting from these concepts formulated through the work of the “giants” who have 

worked their utmost to understand and deepen the role of PE, this work aims to 

verify the role of this variable in common behaviour, while at the same time 

investigating the physiological correlates that seem to impact AM behaviour, 

limiting directly the total PA in the population. 

1.3 Determinants of physical activity behaviour 

This study falls within the conceptual framework of the PASTA Project, as outlined 

by Götschi (Gerike et al., 2016; Götschi et al., 2017), which provides a 

comprehensive structure for examining the interplay of behavioural, environmental, 

and physiological determinants of active travel and PA. Within this framework, the 

focus falls in the Individual layer, in the level of Individual Determinants. The 

Psychobiological Model of Endurance Performance (Pageaux, 2014) is utilized as 

the theoretical basis for hypothesizing the relationship between Body Mass Index 

(BMI) and PA, mediated by the Rating of Perceived Exertion (RPE). This model is 

well-suited to examining PA behaviours in active commuting and evaluating the 

mediating role of perceived effort between adiposity and AM. 

Systematic reviews and meta-analysis have extensively explored the psychological 

mediators influencing physical activity, identifying key variables that contribute to 

behaviour change despite heterogenic results (Rhodes et al., 2021). Among these, 

Behavioural Regulation (defined as processes such as planning and self-

monitoring) stands out as the primary mediator. It is followed closely by Beliefs 
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About Capabilities (defined as self-efficacy or confidence in performing PA) and 

Intentions (defined as individuals’ plans and commitments to engage in PA). These 

three variables have shown the strongest effects on PA engagement, indicating their 

central role in behaviour change. Other mediators, including Social Influence 

(defined as external factors such as support or norms), Emotions (defined as 

affective responses), and Beliefs About Consequences (defined as expectations 

about outcomes of PA), also play significant roles but exhibit comparatively smaller 

effects. Notably, Social Influence is predominantly influenced by external factors, 

while Emotions are intrinsic factors that reflect internal AR, often arising from 

personal experiences or values related to PA. Beliefs About Consequences, on the 

other hand, serve as a middle ground. Although processed internally, these beliefs 

are frequently shaped by external information or experiences, making them a blend 

of intrinsic and extrinsic influences. 

This distribution highlights that the majority of factors mediating PA are intrinsic 

in nature (Basso et al., 2020). Behavioural Regulation, Beliefs About Capabilities, 

Intentions, Emotions, and even aspects of Beliefs About Consequences emphasize 

internal processes such as self-monitoring, self-efficacy, emotional regulation, and 

personal reflections on outcomes. Social Influence, by contrast, remains primarily 

an external mediator, underscoring the broader tendency for internal mechanisms 

to play a dominant role in mediating PA behaviours. 
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Given these findings, employing a psychophysiological framework to investigate 

the relationship between body composition and PA should be the better fit. This 

framework considers the interaction of physiological variables (e.g., body weight 

and composition) with intrinsic psychological factors (e.g., perceived effort and 

motivation). These interactions provide deeper insights into how individuals initiate 

and sustain PA (Boksem & Tops, 11/2008; Brehm & Self, 1989).  

As shown in Table 1, the meta-analysis by (Rhodes et al., 2021)) suggests that 

psychological mediators exert only limited influence, with no evidence of a strong 

effect emerging. 

Table 1 - Behavioural change theories and their mediation effect 

Mediator Effect Size (r) 

Confidence 

Interval (CI) Strength of Effect 

Beliefs About 

Capabilities 

0.26 [0.21, 0.32] Moderate effect, a key predictor of 

PA. 

Behavioural 

Regulation 

0.29 [0.14, 0.43] Moderate effect, most impactful 

mediator. 

Intentions 0.27 [0.20, 0.33] Moderate effect, foundational 

construct. 

Social Influences 0.15 [0.05, 0.24] Small effect, less consistent 

predictor. 

Emotions 0.15 [0.03, 0.27] Small effect, tied to enjoyment 

and motivation. 

Beliefs About 

Consequences 

0.19 [0.09, 0.29] Small to moderate effect, outcome 

expectations matter. 
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1.4 Research Questions and Structure 

The aim of the study is to first investigate potential psychophysiological mediators 

via a narrative literature review, secondly to provide an explanatory hypothesis of 

the issue that people with high adiposity have low levels of PA despite being 

recommended to be more active. Among the most important ones have been 

proposed to be the negative AR that individuals with high adiposity have during PA 

(Ekkekakis et al., 2016), the PE and other motivational variables (Marcora, 2015). 

Specifically, the following main hypotheses are to be tested: 

1) High adiposity > Higher fatigue, exertion, and less positive affect 

(displeasure/low enjoyment) during PA > Low levels of PA; 

2) High adiposity > More extrinsic exercise motivation (e.g. weight reduction) > 

Low levels of PA 

3) High adiposity > High ‘body uneasiness’ > Low levels of PA. 

The proposed study is designed to cross-sectionally explore the hypotheses 

described above, prior to initiating longitudinal and experimental studies aimed at 

more robustly establishing causal relationships between the variables. 

Following the lead of precedent studies in psychological and physiological fields 

(Ballenger et al., 2024; Plotnikoff et al., 2010), the mediation analysis process is 

broken down in three steps that are checked and repeated per mediation model, 
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starting to verify the significance of linear regression between the hypothesised 

coefficient, as descripted now : 

Step 1: Does Adiposity predict Perceived Effort and Affective Response Correlates? 

The relationship of Adiposity with Isotime RPE, Isotime %HRmax, and 

physiological objective correlates is assessed alone based on pre-monitoring data 

collected. In addition, affective valence and enjoyment were examined using the 

Feeling Scale (FS) and the Physical Activity Enjoyment Scale (PACES), to capture 

the role of positive/negative ARs to PA. 

Step 2: Does Adiposity predict Physical Active Behaviour? 

The relationship of Adiposity with Active Commuting (AC) and Physical Activity 

(PA) outcomes is assessed. 

Step 3: Do Perceived Effort and Affective Correlates predict Physical Active 

Behaviour when controlled for Adiposity? 

The structural coefficients for Isotime RPE, Isotime %HRmax, FS, and PACES 

are tested for statistical significance with adiposity coefficients included as 

predictors, to examine whether these mediators have unique capabilities in 

predicting AC and PA 

Step 4: Do Perceived Effort and Affective Correlates mediate the relationship 

between Adiposity and Physical Active Behaviour? 

The magnitude of the indirect effect of Adiposity on AC and PA, through Isotime 
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RPE, Isotime %HRmax, FS, and PACES, will be tested across all paths (direct, 

indirect, and component). 

All independent, dependent and mediator variables will be more extensively 

presented in the chapter of methods in the paragraph related to statistical analysis 

and in the result section. 
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Chapter 2 

Literature Narrative 

Review 

2  

2.1 Introduction to the core issue of active mobility 

The obesity pandemic is rocketing in the western world. Work, infrastructure and 

cultural values fail to maintain active the population (Petersen et al., 2004; Phelps 

et al., 2024). AM represent a particularly unique opportunity to reach the minimum 

of 150 minutes of moderate PA per week recommended by the WHO to provide 

substantial health benefits (Schäfer et al., 2020). Also, AM is a topic that puts 

together the interests of many study fields, since it is a phenomenon produced by 

the interaction of physical/geographical, social and individual domains (Gerike et 

al., 2016). The interest from Sports Science stems from the medical institutions’ 

realisation of the possibility of implementing exercise into the day, exploiting its 

routine characteristics (Reimers & Demetriou, 2024) and counter the sedentarism 

and inactivity epidemic. The flexibility of mobility within cities that modern 

urbanisation offers is a perfect opportunity to therefore incorporate utilitarian 

physical activities. 
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AM is a distinct subset of the broad field of PA. It has its own characteristics and 

underlying determinants that, just like other physical tasks, can be observed and 

understood to increase our level of comprehension and then foster a more positive 

and healthier experience for the participants. 

The World Health Organization (WHO) defines AM as regular PA undertaken as a 

means of transport (WHO, 2024). It commonly includes all travels by foot, by 

bicycle, roller skates, and by any other vehicles that are fully or mainly powered by 

human muscle activation. It is an almost unavoidable daily source of PA. Its study 

is developing at a fast rate, especially in the last twenty years. The terminology used 

in this field is at the moment still often unclear and with meanings that differ 

between researchers (Halperin & Vigotsky, 2023; Pageaux, 2016). It is somehow 

established that land use and design has an important influence on the individual 

choice of performing AC, but specific literature on how individual factors may 

determine performance in AC is lacking. 

This review will address the scientific effort in this direction until now. In the first 

part I will focus on state of the art, definitions, and theoretical frameworks; in the 

second part, psychobiological correlates with AM. The aim is to offer a view on the 

topic with integrated definitions and consistent terminology that can lay the 

foundation for the natural relationship between behaviour and physiology. 

The term "active mobility" probably crystallised in its current form between the late 

1990s and early 2000s and was shaped by the intersection of public health, 
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sustainability and urban planning (Cook et al., 2022). The adoption of the term 

reflects the growing realisation that walking, cycling and other non-motorised 

modes of transport are of great benefit to both individuals and society. Also, other 

synonyms emerged to amplify the concept, but right now the overlapping 

terminology is confusing, hence the following suggestion of coherent definitions: 

1. Active Mobility (AM) - It is the PA undertaken as a means of 

transport (WHO, 2024). It includes all travels by foot, by bicycle, pedal 

scooters, hand-bikes, roller skates, skateboards, and by any other 

vehicles that are fully or mainly powered by human muscle activation. 

It does NOT include transport undertaken for leisure or recreational 

purposes, such as walks at the park, walking the dog, tours at museums. 

It is suggested to use it only for travels outside the job environment. 

2. Active Commuting (AC) - It is the part of AM related to the usual 

home-work and work-home travels. It does not include the occasional 

utilitarian travels. Commuting is a term that implies a series of known 

beforehand routine trips, including intermediate location only if planned 

(Nelson et al., 2008; Schäfer et al., 2020).  

3. Active Travel - This term refers to travel in which the sustained 

physical exertion of the traveller directly contributes to their motion 

(Banister, 2008; Cook et al., 2022; Pisoni et al., 2022). It differs from 

AC by shifting the point of view from the purpose categorisation to the 
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intrinsic mode of transport, including also work-related and leisure 

related trips. 

The classification of an activity as AM provides little insight into the intensity or 

effort involved. Intensity is a key determinant of the physiological impact of PA, 

and can vary significantly between individuals engaging in the same form of 

mobility. The subjective nature of AM highlights the challenge of standardised 

measurement. Without precise metrics to quantify intensity, such as heart rate, 

energy expenditure, or perceived exertion, using AM as a proxy for PA levels may 

lead to oversimplifications in evaluating its health outcomes. This distinction is 

critical for assessing the role of AM in meeting PA guidelines or reducing sedentary 

behaviour. 

In recent times urban populations have access to a flexible infrastructure and 

consequently to a wide variety of active modes. It is necessary to acknowledge that 

these new modes of transportation range from fully active to almost completely 

motorized vehicles, and they demand different levels of physical exertion. For 

instance, riding a traditional bicycle requires consistent muscular effort, particularly 

in scenarios involving inclines or higher speeds. This exertion directly contributes 

to cardiovascular activity and calorie expenditure, making it a moderate to vigorous 

PA for many users (Cairns et al., 2017; Cook et al., 2022; Dons et al., 2018; 

Peterman et al., 2016; Söderberg f.k.a. Andersson et al., 2021). In contrast, electric 

scooters represent a form of AM with significantly reduced physical demands. 
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While standing on a scooter may engage certain stabilizing muscles, the motorized 

assistance largely eliminates the need for continuous propulsion by the user. The 

intensity of this activity in this way would be minimal, maybe even more 

comparable to passive transportation modes rather than traditional AM. 

Cooks and colleagues (Cook et al., 2022) provide a simple taxonomy in with 

examples for vehicles and modes, as illustrated in Figure 1, that allow us to visualize 

the main modes. 

The World Health Organization (WHO) recommends engaging in at least 150 

minutes of moderate PA per week to achieve substantial health benefits (Nikitas et 

al., 2022). However, many adults in high-income countries fail to meet this 

Figure 1 - Taxonomy of active travel modes and related categories 
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guideline, spending the majority of their waking hours sedentary (Christiansen et 

al., 2014; Patil et al., 2022; Schäfer et al., 2020). To address this issue, incorporating 

more active forms of mobility, such as replacing short car trips with walking or 

cycling, becomes a practical strategy for increasing total PA (Neves & Brand, 

2019). Activities like commuting to work or school, running errands, or recreational 

walking offer consistent opportunities to integrate movement into daily life (Gerike 

et al., 2016; Lee et al., 2008). 

Developing habits of PA early in life is particularly important, as these behaviours 

can provide long-term health benefits (Dons et al., 2018; Pinto et al., 2023). While 

active commuting during childhood and adolescence seems to have a relatively 

minor influence on health compared to sports and recreational activities (Lee et al., 

2008), these activities play a significant role in shaping measurable health outcomes 

(Lee et al., 2008; Martin-Moraleda et al., 2022; Yang et al., 2014). In adulthood and 

old age, especially for individuals who have not engaged in regular sports, active 

commuting becomes a key factor in maintaining fitness and health quality (Flint et 

al., 2016; Patil et al., 2022). 

It is important to recognize that active commuting cannot fully substitute for the 

benefits of sports or other high-intensity physical activities (Schäfer et al., 2020). 

However, from a public service perspective, urban mobility is an essential element 

of daily life (Andre & Wolf, 2007). For individuals whose lifestyles do not provide 

opportunities for specific physical activities, active commuting represents an 
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attractive and accessible way to maintain a baseline level of PA (“Promoting 

walking and cycling,” 2025). 

To support large populations, public systems must ensure that individuals have 

access to opportunities for PA, helping them meet the thresholds recommended by 

the WHO. This is crucial for achieving minimum health benefits, including the 

prevention of cardiovascular and related diseases (Gopinath et al., 2018; Pinto et 

al., 2023). Promoting active commuting and integrating PA into everyday routines 

is essential for fostering healthier communities and improving overall public health 

(Koszowski et al., 2019). 

2.2 Health Promotion of Active Mobility 

It is an emerging opinion that nothing compares to PA in the most likely 

achievement of successful aging. Depressive symptoms, disability, cognitive 

impairment, respiratory symptoms and systemic conditions (e.g. cancer, coronary 

artery disease, dyslipidaemias, etc) are greatly reduced in older adults who engaged 

in high levels of total PA above the current recommended minimum level (Gopinath 

et al., 2018). Urban environment lacks—or at least tends to diminish the access—

the main environmental determinants for participation in PA (Boslaugh et al., 2004; 

Humpel et al., 2002) and so mobility is also affected. Urban population lives in an 

environment very intense and saturated with artificial dynamics that diminish both 

the actual space available and the feelings towards PA generated by the 

surroundings (Alfonzo, 2005; Alfonzo et al., 2008). 
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The convenience of accessing goods and services in cities, which enhances well-

being, ironically contributes to low levels of PA that may undermine those benefits 

(Banister, 2008). Increasing PA could prevent nearly 20% of annual deaths by 

meeting international recommendations. Additional benefits come from reducing 

exposure to air pollution, traffic noise, and heat. Meeting all these recommendations 

has been estimated to extend the average life expectancy by 360 days (95% CI: 219-

493) and generate an estimated economic savings of €9.3 billion per year (95% CI: 

4.9-13.2) (Mueller et al., 2017). 

Daily PA significantly improves overall health, contributing to the prevention of 

numerous chronic diseases and improving quality of life. Increased PA has a 

positive effect on the cardiovascular system by improving vascular function, 

lowering blood pressure (Ballenger et al., 2024; Laursen et al., 2015), and 

improving lipid profiles (Pinto et al., 2023). It boosts intermediary metabolism, 

aiding in better glucose regulation, increased insulin sensitivity and more efficient 

energy utilization (Andre & Wolf, 2007). Furthermore, regular exercise helps to 

counteract the negative effects of sedentary behaviour, such as insulin resistance 

and systemic inflammation (Andre & Wolf, 2007; Pinto et al., 2023). 

Musculoskeletal benefits are also remarkable. Consistent activity helps to maintain 

muscle mass, strength and bone mineral density, which are crucial for physical 

resilience and the prevention of conditions like osteoporosis and sarcopenia 

(Nikitas et al., 2022; Pinto et al., 2023). In addition, PA supports cognitive health 

by improving cerebrovascular circulation, potentially lowering the risk of 
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neurodegenerative diseases (Farooqui & Farooqui, 2009; Gopinath et al., 2018) and 

improving mental well-being by reducing stress and depressive symptoms (Singh 

et al., 2023; Skinner et al., 2009). In terms of body composition, regular exercise 

helps control weight by reducing visceral and total body fat while maintaining lean 

muscle mass (Ball et al., 2000; Slentz et al., 2004). This balance minimises the risk 

of obesity-related diseases such as type 2 diabetes and cardiovascular disease. 

Improving cardiorespiratory fitness also increases overall endurance (Pinto et al., 

2023; Slentz et al., 2004). 

However, increasing AC may also present some issues. In general, human 

behaviour tends to form habits over time, especially in contexts where routine 

choices dominate, such as AM and active transport. This habit formation is thought 

to reflect the implicit maximisation of cost and time per trip, and then is evaluated 

under the light of the perceived safety of the trip itself (Banister, 2008). Perceived 

safety, however, is not just a function of objective danger, but depends heavily on 

how the individual assesses the likelihood of harm, referred from now on as risk. 

Risk is not synonymous with danger. Danger represents the inherent threats present 

in an activity or environment, while risk encompasses the probability of being 

harmed, which is influenced by both external and internal factors. These include 

environmental elements such as the quality of infrastructure, the availability of 

resources and regulatory frameworks, as well as personal attributes like individual 

skills, past experiences, and access to resources. For instance, tangible dangers may 
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exist in the environment, such as poor road conditions, high-speed traffic, or even 

criminal activity and malicious encounters (Alfonzo et al., 2008; Boslaugh et al., 

2004; Christiansen et al., 2014; Pisoni et al., 2022), but an experienced traveller 

with mastered skills may perceive these as less risky due to confidence in their 

ability to navigate them safely. Conversely, a lack of experience in a specific mode 

of transport or an unfamiliar environment can amplify the perceived risk of even 

minor dangers. In such cases, secondary dangers, such as the likelihood of theft, 

harassment, or aggressive behaviour, may appear disproportionately threatening, 

shaping behaviour and choices in ways that may not align with actual safety levels 

(Banister, 2008). 

The subjective nature of risk perception is closely tied to individual judgment, 

which varies significantly across people (Christiansen et al., 2014). Differences in 

personal ability and instruments to assess and respond to risks can strongly 

influence participation in AM. For some, heightened perceptions of risk—whether 

stemming from environmental dangers or fear of criminal encounters—may act as 

a deterrent, discouraging engagement with modes like cycling or walking. For 

others, overconfidence in their ability to mitigate risks might lead to unsafe 

behaviours, particularly in complex or challenging environments (Banister, 2008). 

Also increasing AM, with walking or cycling, can raise exposure to air pollution, 

especially in traffic-heavy areas. Higher breathing rates during activity may amplify 

pollutant intake, potentially offsetting some health benefits. Balancing mobility 

with measures to reduce exposure is essential (Chandia-Poblete et al., 2022).  
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Concluding, measures promoting AM are often seen as an effective strategy to meet 

multiple urban objectives (Koszowski et al., 2019; Pisoni et al., 2022). Thus, while 

supporting AM initiatives aims to promote sustainable and healthy lifestyles, the 

relationship between danger, risk, and individual perception introduces potential 

negatives exposures (Pisoni et al., 2022). 

Understanding overall dynamics is critical for designing singular interventions, 

ensuring that AM remains an accessible and genuinely safe option for all. 

2.3 Theoretical Framework 

Frameworks available  

Along with exponential growth in active travel research, a growing number of 

conceptual frameworks has been published since the early 2000s. Earlier 

frameworks are simpler and emphasise the distinction of environmental vs. 

individual factors, while more recently several studies have integrated travel 

behaviour theories more thoroughly (Götschi et al., 2017). Table 2 presents the 

synthesis of the main works available from 2000 to today. 
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Table 2 - Frameworks in Active Mobility from 2000 

Author and 

Year 
Focus of framework Variables used 

Pikora et al. 

(2003) 

Socio-ecological model 

focusing on PA 

Emphasises environmental 

determinants of walking and cycling 

through different environmental and 

personal layers. 

Saelens et 

al. (2003) 

Active travel 

framework 

distinguishing between 

transport and recreation 

Built on socio-ecological theory, 

linking environmental and individual 

factors to specific active travel 

purposes. 

Ogilvie et 

al. (2011) 

iConnect model for 

intervention impact 

assessment 

Includes psychosocial factors, 

environmental impact (carbon 

emissions), and behaviour change 

components. 

Panter et al. 

(2008) 

School travel 

framework integrating 

socio-ecological 

elements 

Emphasises the influence of parental 

and youth perceptions in mode choice 

for school trips. 

Pont et al. 

(2011) 

M-CAT (Model of 

Children’s Active 

Travel) 

Highlights parent-child interactions, 

presenting a unique temporal process 

model in active travel behaviour. 

Burbidge 

and Goulias 

(2009) 

Mode choice influenced 

by decision field theory 

Combines theory of planned 

behaviour with external factors like 

infrastructure, focusing on mode 

choice decisions. 

Schneider 

(2013) 

Routine mode choice 

decision-making 

Describes a five-step decision process, 

considering factors like safety, 

convenience, and habit. 

Alfonzo 

(2005) 

Hierarchy of walking 

needs 
Aligns with Maslow's motivation 

theory, ranking needs from feasibility 
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to comfort, moderated by individual 

life circumstances. 

Singleton 

(2013) 

Travel decision-making 

focused on active travel 

demand 

Structured on a decision-making 

hierarchy influenced by perceptions, 

individual traits, and spatial factors. 

Martin et al. 

(2012) 

Policy-focused mode 

choice model 

Integrates traditional economics and 

behavioural psychology to analyse 

how financial incentives affect active 

travel. 

Van Acker 

et al. (2010) 

Multilevel model 

differentiating reasoned 

and unreasoned 

influences on behaviour 

Combines travel, locational, and 

lifestyle behaviour levels with 

feedback loops to depict temporal 

changes. 

De Witte et 

al. (2013) 

Interdisciplinary mode 

choice perspective 

Examines rationalist, socio-

geographical, and socio-psychological 

factors influencing transport mode 

selection. 

(Götschi et 

al., 2017) 

 

Systematic combination 

of behavioural factors, 

structural features, and 

a large number of 

determinants 

 

Develops a structure suitable for study 

design, combining approaches from 

the transport and health disciplines to 

provide measure in active travel. 

Pikora et al. (2003) introduced a socio-ecological model focusing on PA, 

emphasizing environmental determinants of walking and cycling through different 

environmental and personal layers. This foundational framework applied socio-

ecological principles to PA behaviour. Similarly, Saelens et al. (2003) extended this 

approach with an active travel framework that distinguished travel purposes, 
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specifically transport and recreation, while linking environmental and individual 

factors. 

Building on these concepts, Ogilvie et al. (2011) presented the iConnect model to 

assess the impact of interventions on active travel and PA. This model expanded 

beyond active travel to include broader behaviours, such as overall travel activity 

and environmental impacts like carbon emissions. Psychosocial factors, such as 

habit and social norms, were incorporated alongside environmental components. 

Panter et al. (2008) shifted focus to school travel, integrating socio-ecological 

elements to explore parental and youth perceptions that influence mode choice. 

Similarly, Pont et al. (2011) contributed the M-CAT (Model of Children’s Active 

Travel), which emphasized the temporal dynamics of parent-child relationships in 

travel decisions. 

Burbidge and Goulias (2009) proposed a conceptual framework combining the 

theory of planned behaviour with decision field theory, highlighting mode choice 

as a process influenced by infrastructure, personal attributes, and time allocation. 

Schneider (2013) explored this decision-making process in greater depth, 

presenting a five-step routine mode choice theory that accounts for factors such as 

awareness, safety, convenience, enjoyment, and habit, moderated by socio-

demographic characteristics.  

Alfonzo (2005) introduced a hierarchy of walking needs, modelled after Maslow’s 

theory of human motivation, ranking needs from feasibility to comfort, moderated 
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by individual circumstances. Singleton (2013) developed a decision-making 

framework for active travel demand, integrating perceptions, individual traits, and 

spatial factors, structured around a hierarchy of travel needs. Martin et al. (2012) 

examined the influence of financial incentives on mode choice, combining insights 

from economics and behavioural psychology. Van Acker et al. (2010) synthesized 

numerous behaviour theories into a multilevel model, distinguishing reasoned 

influences like perceptions and preferences from unreasoned influences such as 

habits. Lastly, De Witte et al. (2013) adopted an interdisciplinary perspective on 

mode choice, incorporating rationalist, socio-geographical, and socio-

psychological factors. 

These frameworks collectively provide significant insights into active travel 

behaviour, yet each has limitations. Many focus on specific contexts or narrowly 

defined variables, such as school travel, financial incentives, or routine mode 

choices.  

The PASTA framework (Götschi et al., 2017), aims to bridge these gaps by 

synthesizing elements from these models into a holistic and practical approach to 

understanding and promoting active travel behaviours. The PASTA Framework 

also serves as the primary tool for contextualizing the analysis. However, the 

diversity and varied focus of preceding frameworks have been instrumental in 

identifying the most significant correlates, providing a comprehensive foundation 

for this review. 
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Götschi ’s PASTA Framework 

The theoretical framework (Figure 12  and 13 in appendix) that this review falls 

under is the one produced by Götschi and colleagues (Götschi et al., 2017) for the 

EU founded project Physical Activity Through Sustainable Approaches, simply 

known as PASTA project. This framework considers all reference domains of AM, 

offering a layered perspective on active travel behaviour which integrates various 

levels of the urban context and highlights temporality in the sequence of its initial 

layers. Unlike earlier frameworks, which were highly specific, Götschi's framework 

systematically combines behavioural concepts, structural features, and a wide range 

of determinants, providing a robust structure suitable for study design by blending 

approaches from transport and health disciplines to measure active travel, while 

also allowing much needed contributions from fields such as Sport Science and 

Physiology (Reimers & Demetriou, 2024). 

2.4 Psychological/Biological Factors 

The core focus of this review is to present a list of the key factors that significantly 

influence AM at the individual level. However, the subject is often approached, as 

anticipated, only from the perspective of the environment, and often without 

interpreting the role of these factors. In order to combat in an effective way these 

two gaps, two premises are therefore made:  

• Only cognitive or physiological factors that have an intrinsic nature 

(Cameron, 2015) are considered; 
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• In order to allow repeatability and methodological consistency, only 

studies that clearly indicate the established or assumed function of these 

factors in the literature will be considered as determinants and 

mediators. The terminology provided by Bauman et al. (2002) on the 

determinants of PA will be used to clarify the role of each correlate 

(Bauman et al., 2002)1. 

Individual factors, such as psychophysiological ones, are effectively intervening 

variables in the causal pathway between the environment and the actualization of 

PA, making them, by definition, mediators of interventions. The introduction of 

individual psychological variables provides valuable insights into their importance 

as mediators. These variables play a fundamental role in behavioural change, as 

postulated in the "Law of Indirect Effect" (Hansen & McNeal, 1996). To preserve 

 

1 Mediator 

A mediator is an intervening variable on the causal pathway between an exposure (e.g., 

intervention) and an outcome. It explains the mechanism through which the intervention influences 

the outcome. There may be a direct pathway from the intervention to the outcome or a mediated 

pathway where the mediator plays a role in transmitting the effect. Examples of potential mediators 

include social support or perceived physical competence. 

Moderator 

A moderator, or effect modifier, is a variable that affects the direction, strength, or both of the 

relationship between an intervention and an outcome. The effects of a program or intervention may 

vary based on levels of the moderator variable. For example, the effectiveness of a physical activity 

program might differ between men and women, making gender a moderator. Statistically, 

moderators are dealt with using interaction terms in models or by stratifying data by the levels of 

the moderator. 

Confounder 

A confounder is a variable that is associated with both the outcome and the exposure, 

potentially distorting the observed association between them. For instance, age could be a 

confounder if it influences physical activity levels (outcome) and participation in a program 

(exposure). Unlike mediators, confounders are not part of the causal pathway but need to be 

controlled for in study design or analysis to avoid biased estimates.  

Definitions extracted from (Bauman et al., 2002). 
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the original explanatory power of the concept, I quote: “Interventions have their 

effect on behaviour because they change characteristics within individuals. […] 

The focus has therefore been on changing mediating processes (often discussed as 

either risk or protective factors) as a means of changing behaviour. The assumption 

of indirect effect is the basic, central, and primary postulate that has come to guide 

all social scientific interventions development.” 

From the scarcity of specific and dedicated research, it is evident that urban 

planning efforts tend to prioritize attractiveness and economic success over 

improving public health outcomes (Koszowski et al., 2019). This has left gaps that 

hinder the effectiveness of interventions. This review aims to analyse the 

information available in existing reviews and early, overly specific frameworks to 

identify areas of agreement on different correlates, fostering future research. 

2.5 Methods 

This review combines a structured literature search with additional references 

selected for relevance, resulting in a narrative review with systematic elements. A 

purely systematic review was not feasible given the conceptual heterogeneity of the 

field.  

A systematic search was conducted to identify studies examining individual factors 

associated with AM using Scopus, PubMed, and Google Scholar as primary 

databases. The search terms included combinations with Boolean operators of terms 

related to PA, individual factors, and their relationship to AM, of which: “Physical 
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Activity” AND “Individual*” combined with keywords like “Correlat*”, 

“Determin*”, “Mediat*”, “Moderat*”, “Confound*”, “Influenc*”, “Associat*”, 

“Predict*”, “Active Mobility”, “Active Transport*”, and “Active Commut*”. 

Scopus, PubMed, were used as primary databases. Google Scholar results were 

carefully evaluated (Halevi et al., 2017), with studies lacking essential credibility 

indicators such as a DOI or inclusion in reputable databases being excluded. The 

inclusion criteria required studies to be peer-reviewed, published in English, and 

focused on individual-level factors influencing or predicting AM, such as 

correlates, determinants, mediators, moderators, or confounders. Studies focused 

solely on environmental or policy-level factors, as well as non-peer-reviewed 

sources like dissertations or conference abstracts, were excluded. Titles and 

abstracts were screened for relevance, and full-text articles were retrieved for 

detailed assessment. Relevant data, such as individual factors and their statistical 

significance related to AM, were extracted to form the basis of the analysis. This 

structured approach ensured the selection of high-quality studies for a robust 

examination of the topic.  

Correlates from frameworks  

From the Frameworks available, I could extrapolate the sequent individual 

correlates, not in order of degrees of influence: (1) Psychosocial factors (e.g., habit, 

social norms), (2) Perceptions (e.g., safety, convenience, comfort), (3) Preferences, 

(4) Attitudes, (5) Motivation, (6) Life-cycle circumstances (e.g., age, stage of life), 

(7) Socio-demographic characteristics (e.g., income, gender, education), (8) 
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Decision-making processes, (9) Reasoned influences (e.g., planned behaviours), 

(10) Unreasoned influences (e.g., impulsive habits), (11) Parental and youth 

perceptions, (12) Psychological traits, (13) Utility maximization (e.g., cost-benefit 

analysis), (14) Cognitive decision rules, (15) Enjoyment, (16) Health beliefs or 

awareness, (17) Time allocation or constraints, (18) Emotional responses (e.g., fear, 

pleasure). 

An observation that supports opting for individual approaches starts in observing 

what mediators are selected as having a physiological cause are those where a direct 

physiological influence was supported by adequate literature available that showed 

a link to behaviour or perception. They are: perceptions such as effort, safety or 

comfort (defined as a relaxing mental state) which are derived from sensory inputs 

and are inherently physiological processes. Motivation is influenced by 

physiological states like energy depletion, hormonal fluctuations, or neural activity. 

Similarly, reasoned influences may incorporate physiological feedback, such as 

perceiving tiredness or endurance capacity during decision-making. Unreasoned 

influences, including habitual behaviours, are often driven by subconscious 

physiological responses like conditioned reflexes or autonomic nervous system 

activation. Parental and youth perceptions can be shaped by physiological 

readiness, such as energy levels or physical capacity, which influence their views 

on feasibility or effort. Enjoyment is closely tied to physiological responses like 

endorphin release or activation of reward pathways in the brain, while emotional 
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responses such as fear or pleasure are directly linked to physiological changes, 

including heart rate, cortisol levels, or neural activity. 

On the other side, a brief explanation for the correlates were excluded from 

consideration as psychophysiological for lack a direct physiological cause are: 

psychosocial factors (e.g., social norms, habits), preferences, and attitudes are 

shaped by social contexts and cognitive conditioning rather than physiological 

processes. Life-cycle circumstances, while involving physiological changes, also 

encompass broader social and contextual aspects. Similarly, socio-demographic 

characteristics like income or education are independent of physiological states. 

Determinants such as decision-making processes, utility maximization, and 

cognitive decision rules involve higher-order cognitive functions and are not 

typically influenced by physiological causes. Lastly, health beliefs or awareness 

and time allocation or constraints arise from cognitive interpretations and practical 

considerations, respectively, with no direct physiological basis. 
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2.6 Results 

Correlates 

1. Age: Younger individuals engage more in active commuting (Bauman 

et al., 2012; Bopp et al., 2013; Hall et al., 2017; Titze et al., 2007)+(Hall, 

2017) 

2. Gender: Male sex is positively correlated with active transport, 

especially in children aged 4-9 years  (Bauman et al., 2012; Bopp et al., 

2013; Hall et al., 2017; Sims & Bopp, 2018) 

3. Fitness Status: Better physical health is associated with higher levels 

of active commuting, while chronic conditions act as barriers (Bauman 

et al., 2012; Bopp et al., 2013; Henriques-Neto et al., 2020). 

4. BMI: Lower BMI correlates with greater likelihood of engaging in AM, 

though evidence is mixed for younger populations (Dons et al., 2018; 

Kurita et al., 2023; J. Panter, Jones, et al., 2011; Schäfer et al., 2020). 

5. Body Dissatisfaction: Individuals with higher body dissatisfaction tend 

to avoid exercise due to perceived barriers like embarrassment and 

fatigue (More et al., 2019) 

6. Self-Efficacy: Confidence in one's ability to be physically active is 

positively associated with active transport (Bopp et al., 2013; Lois et 

al., 2015; Van Dyck et al., 2010) 

file:///C:/Users/goffr/Documents/GitHub/GoffredosPhD/PhD%20Thesis/STESURA%20TESI/1.%09https:/app.paperpile.com/my-library/Hall-et-al-2017-pZ~~k~hhlCR2rW9nFw3ThbQ
file:///C:/Users/goffr/Documents/GitHub/GoffredosPhD/PhD%20Thesis/STESURA%20TESI/1.%09https:/app.paperpile.com/my-library/Hall-et-al-2017-pZ~~k~hhlCR2rW9nFw3ThbQ
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7. Motivation: Intrinsic motivation (e.g., health and fitness goals) predicts 

active commuting participation, and interventions aligned with people 

are more effective (Lois et al., 2015; Millonig, 2021; Said et al., 2021). 

8. Perceived Effort: Low perceived physical effort is linked to increased 

AM. Those who find cycling more tiresome are less likely to participate, 

while reducing cycling effort through electric bikes made participants 

more positive toward cycling in general (De Reuver & Biron, 2024; 

Martinez-Amezcua et al., 2019; Titze et al., 2007). 

9. Affective Response: Positive feelings (e.g., enjoyment, relaxation) are 

strong correlates of cycling behaviour (Echiburú et al., 2021; 

Panteleimon Ekkekakis et al., 2005; Rissel et al., 2016; Titze et al., 

2007). 

10. Past Behaviour: Prior PA habits strongly predict current active 

commuting (Bauman et al., 2012). 

11. Ethnic Origin:  Ethnic origin is a correlate, in particular for adolescents 

in AM studies (Bauman et al., 2012; King et al., 2000; Sims & Bopp, 

2018; Zougheibe et al., 2021) 

12. Perceived Distance: Distance is both a physical and perceived barrier.  

Individuals perceiving shorter distances to their destinations are more 

likely to engage in active commuting. Principal cause of great variation 



35 

 

on perceived distance appears to be mode of transport (e.g. Bikes do not 

engage road with the same rules as cars) (Clark et al., 2003; Heinen et 

al., 2011; Kaczynski et al., 2012; Nelson et al., 2008; J. Panter, Jones, 

et al., 2011; Peterman et al., 2016; Titze et al., 2007). 

13. Income: Income effect is location/culturally-dependent (Bauman et al., 

2012; Christiansen et al., 2014; He et al., 2023). Different countries 

change behaviour in different ways. research on active commuting (AC) 

reveals complex relationships with income and other factors. While 

historically higher incomes led to decreased AC in New Zealand, a 

study in Wellington found that higher incomes actually increased the 

probability of AC(McKim, 2014). A Brazilian study reported an inverse 

association between family income and AC, with income moderating 

the effects of demographic factors (da Silva et al., 2016). In the U.S., 

lower-income urban tracts showed higher prevalence of walking, 

biking, and public transportation use for commuting (Fan et al., 2014). 

Environmental factors like population density, street connectivity, and 

air quality influenced AC rates, but their impact varied by transportation 

mode and income level (Fan et al., 2014). A Mid-Atlantic U.S. study 

found no significant difference in AC between higher and lower-income 

participants, but noted variations based on other correlates gender, 

location, and race/ethnicity (Sims & Bopp, 2018).  



36 

 

 

Determinants 

1. BMI: Changes in weight indexed with Body Mass Index anticipates 

changes in behaviour towards active commuting (Ekelund et al., 2008; 

Flint & Cummins, 2016; Flint et al., 2014, 2016; Kroesen, 2014; Sagelv 

et al., 2021). 

2. Self-Efficacy as a Determinant: Enhancing confidence in PA leads to 

increased adoption of active transport (Bauman et al., 2012; Lois et al., 

2015; J. Panter, Griffin, et al., 2011; Jenna R. Panter et al., 2011; Jenna 

Rachel Panter & Jones, 2010; Titze et al., 2007). 

3. Perceived Effort as determinant: Reducing perceived physical effort 

through infrastructure or education programs increases participation in 

AM (Titze et al., 2007), and increasing it lead to decreased engagement 

in engaging daily PA in subjects with increased sensibility to effort 

(Barch et al., 2014; Décombe et al., 2020).  

4. Body Dissatisfaction as a Determinant: Interventions targeting body 

dissatisfaction, such as addressing perceived barriers like 

embarrassment and fatigue, can increase active commuting 

rates(Donald Moss, 1992; More et al., 2019). 
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5. Satisfaction/Enjoyment/Affective value: Emphasizing pleasurable 

aspects of active commuting improves participation. (Carraro et al., 

2008; Humpel et al., 2002; Mullen et al., 2011; Titze et al., 2007) 

6. Perceived distance: Distance is both a physical and perceived barrier.  

Individuals perceiving shorter distances to their destinations are more 

likely to engage in active commuting. Principal cause of perceived 

distance appears to be mode of transport (e.g. Bikes do not engage road 

with the same rules as cars) (Clark et al., 2003; Heinen et al., 2011; 

Kaczynski et al., 2012; Nelson et al., 2008; J. Panter, Jones, et al., 2011; 

Peterman et al., 2016; Titze et al., 2007). 

7. Past Behaviour: Habit formation through repeated active commuting 

experiences supports its continuation (Bauman et al., 2012). 

Mediators 

1. Perceived Behavioural Control2: Perceived Behavioural Control 

negatively influences intention to practice active commuting, but 

contrary to suppositions, it does not seem to mediate significantly the 

effect of external perceived attributes (e.g., improved infrastructure) on 

 

2 Unlike other variables, no studies of Perceived Behavioural control considered correlate or 

determinant were found. 
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active commuting (McCormack et al., 2009; Ortiz-Sánchez et al., 

2022). 

2. Body Dissatisfaction as mediator: Body dissatisfaction could mediate 

the relationship between interventions and Behavioural change, as it is 

a predictor of exercise avoidance and other perceived barriers (e.g., 

embarrassment, fatigue) influencing AM indirectly (More et al., 2019). 

3. Perceived Effort as mediator: PE acts as a mediator between 

interventions and AM, where reducing perceived effort encourages 

participation (Titze et al., 2007) and increasing it 

4. Self-Efficacy as a Mediator: Self-efficacy and perceived competence 

have a mediating effect on PA (Izaskun et al., 2021; Rhodes et al., 2021) 

5. Affective Value as a Mediator: Pleasure, enjoyment and affective 

value can mediate the PA behaviour, especially outdoors (Boyle et al., 

2020; Chen et al., 2020) 

6. Health Beliefs: Beliefs about the health benefits of active commuting 

mediate its adoption, especially in adults (Plotnikoff et al., 2010) 

 

2.7 Discussion 

Among the determinants of active commuting, BMI emerges as a biological marker 

that not only reflects physical health but also predicts changes in active behaviour. 
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However, its role as a determinant requires deeper exploration, especially in 

different demographic and cultural contexts. Psychological constructs like self-

efficacy and body dissatisfaction are pivotal; interventions that build confidence in 

PA or address negative self-perceptions can substantially increase participation in 

active commuting. 

Moreover, perceived effort and satisfaction/enjoyment stand out as crucial factors. 

Reducing physical effort, through enhanced infrastructure, such as bike lanes or 

educational programs, lowers barriers to participation. Simultaneously, 

interventions that enhance enjoyment can promote a positive association with active 

commuting, thereby encouraging sustained behavioural changes. The role of past 

behaviour is also notable, underscoring the importance of habit formation in driving 

consistent active commuting practices. 

This authors supports the argument present in similar studies (Baranowski et al., 

1998) that interventions work by means of mediating variables, hence the  

Mediators 

Several factors were identified to act as mediators, influencing the relationship 

between determinants and active commuting behaviour. PE of the transport mode 

is a potential a key mediator; reducing perceived effort in cycling through pedelecs 

and e-bikes leads to increased participation in AC and PA, with observable health 

amelioration. However, it is necessary to test  both other forms of effort reduction, 

such as tailored pharmacological intervention (S. Marcora, 2016), or longitudinal 
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studies were the effect of novelty and curiosity of tool is less present, which 

represent a limitation for studies assessing e-bike influence for new users in acute 

studies (Stenner et al., 2020). Affective response through effect of psychological 

hedonism can mediate PA engagement (Boyle et al., 2020). Perceived behavioural 

control highlights an interesting observation: while it predicts intention, it does not 

consistently mediate the effects of external attributes (such as infrastructure) on 

active commuting. Body dissatisfaction, as a mediator, links perceived barriers like 

embarrassment or body concerns to reduced PA, highlighting the need for 

psychological interventions to address these barriers. Health beliefs also play a 

crucial role, particularly in adults, mediating the adoption of active commuting by 

emphasizing its health benefits. 

Identified Gaps and Missing Information 

Despite the breadth of studies, several gaps persist: 

- Demographic Variations: There is a lack of focus on how determinants 

vary across age groups, genders, or socioeconomic strata. Tailored 

interventions could be more effective if these differences were better 

understood. 

- Intersection of Biological and Psychological Factors: While BMI and 

body dissatisfaction are explored independently, little is known about 

how biological factors interact with psychological variables to influence 

AM behaviour.  
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- Impact of Environmental and Cultural Contexts: Many studies are 

conducted in urban, Western settings, potentially limiting 

generalizability. Research in rural areas or diverse cultural contexts 

could provide a more comprehensive understanding. 

- Studies with Mediators: Few studies explicitly test the mediation effects 

of factors like perceived effort or health beliefs. This omission limits 

the understanding of how interventions exert their effects. 

Limitations 

This narrative review has encountered some limitations. First, the scope was 

constrained by the selection of studies and frameworks available, potentially 

excluding relevant but less prominent research. The reliance on narrative synthesis, 

rather than systematic methods, introduces subjective biases in the selection and 

interpretation of studies. Second, the focus on themes and agreements across 

literature offers broad insights but lacks the depth needed to explore nuances or 

provide comprehensive meta-analytical insights. Third, the inclusion of diverse 

frameworks and disciplines introduces inconsistencies in terminology and methods, 

which could limit the comparability and generalizability of conclusions. Lastly, 

gaps in the literature, such as a lack of longitudinal studies or context-specific 

research, challenge the understanding of causal mechanisms and long-term 

intervention effects, leaving some conclusions tentative and highlighting the need 

for further research. 
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Despite these limitations, this narrative review provides a valuable synthesis of 

existing knowledge and identifies critical areas for future investigation, 

contributing to the advancement of research and practice in the field. 

 

Future Directions 

Addressing these gaps is a fundamental step for enabling environmental 

interventions to be effective. Failure to consider the individual characteristics that 

determine the physical action of AM or mediate it is one of the potential causes of 

the low effectiveness of interventions (Baranowski et al., 1998). Additionally, 

interventions should be designed to test the mediating mechanisms directly, 

ensuring a clear understanding of how changes in determinants translate into 

behavioural outcomes. 

In conclusion, while substantial progress has been made in identifying 

psychobiological correlates of active commuting, more comprehensive research is 

essential. Bridging these gaps will facilitate the design of targeted, effective 

interventions to promote sustainable active commuting behaviours across diverse 

populations. 
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Chapter 3 

Theoretical Framework 

3  

3.1 PASTA Project Framework 

This Theoretical framework was developed by Götschi and colleagues for the 

Physical Activity through Sustainable Transport Approaches project (PASTA) 

(PASTA Project :: HOME, 2024), and served as basis to produce publication and 

understanding in the field of AM and all its dynamics (Gerike et al., 2016). Many 

European researchers of the field participated, and the framework in 2017 was peer-

reviewed (Götschi et al., 2017). The objective was to provide a reference to evaluate 

how different factors, ranging from public policy and infrastructure to individual-

level attributes, influence participation in active travel, hence shaping population 

health outcomes. 

It is illustrated in Figure 12 in the appendix. Essentially, it maps out the logical 

connections between environmental and social determinants (e.g., the availability 

of bike lanes, quality of sidewalks, safety regulations) and behavioural outcomes 

(e.g., walking or cycling for commuting). One of its main strengths is its flexibility 

for research application, meaning it allows adaptations to different contexts and 

specific variables of interest. The early versions primarily focused on external or 
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environmental drivers, and while integrating psychological variables, it did not 

explicitly consider psychobiological variables (such as perceived exertion, 

motivation, or body uneasiness) within its core set of relationships. However, 

thanks of its adaptable nature, the Götschi Framework has already the adequate 

logical connections to consider these internal, subjective elements as mediators in 

the link between an individual’s physical condition (e.g., adiposity, fitness level) 

and their ultimate decision to engage in active commuting. 

In doing so, it provides a comprehensive, multilayer perspective: environmental and 

social factors continue to play a pivotal role, yet the emphasis on internal factors 

(how a person perceives effort, how motivated they feel, or how they view their 

body) helps explain variations in the uptake of active travel even when external 

conditions remain relatively constant. By incorporating both external influences 

(infrastructure, city policy) and internal determinants (psychobiological mediators) 

into a single, coherent framework, it becomes possible to test hypothesis and gain 

clearer insights. 

This thesis falls into the scope of this framework, as it hypothesises a recently 

identified but as yet unexplored relationship on the impact of mediated biological 

factors that were traditionally seen as consequence. 

3.2 Psychobiological Model of Endurance Performance 

The psychobiological model (S. Marcora, 2010; Pageaux, 2014) provides a 

framework to explain how psychological and physiological factors influence 
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endurance performance, defined as whole-body, dynamic exercise which involves 

continuous effort and lasts for 75 s or longer (McCormick et al., 2015), particularly 

during self-paced exercise. This model emphasizes five key factors: PE, potential 

motivation, knowledge of distance/time to cover, knowledge of remaining 

distance/time, and past experiences of effort. It highlights how these factors interact 

with internal and external conditions to regulate pacing. 

PE, defined as the conscious sensation of how strenuous a task feels (Borg, 1982; 

Noble & Robertson, 1996), is central to this approach. Variations in this PE, 

influenced by factors such as mental or muscular fatigue (Marcora & Staiano, 2010) 

or pharmacological interventions (Doherty & Smith, 2005), directly affect pacing 

decisions. Potential motivation (Brehm & Self, 1989), shaped by external factors 

such as competitive settings, also plays a crucial role, alongside other cognitive 

determinants that explain phenomena like end-spurts or varied race starts . Unlike 

other models, the psychobiological approach attributes PE to central motor 

command processing rather than sensory feedback from muscles. This explains 

changes in PE and performance under conditions like mental fatigue or increased 

central command demands. In the end, the Psychobiological model by including 

psychological factors compels to see endurance performance as a goal-driven 

behaviour, rather than solely as a chemical biological process to produce locomotor 

output. 
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Under the lens of this approach, the influence of PE on PA behaviour gains a sound 

plausibility that needs thorough and comprehensive testing. This perspective 

suggests that Perceived Effort is not merely a byproduct of physical exertion but a 

critical determinant in shaping how individuals approach and sustain PA under the 

form of AM. 

3.3 The Law of Indirect Effect 

The Law of Indirect Effect (Hansen & McNeal, 1996) emphasizes the role of 

mediators in the path between an independent variable (like adiposity) and an 

outcome (like active commuting). Specifically, it asserts that a change in the 

mediator, be it perceived effort, motivation, or body uneasiness, explains how and 

why the independent variable impacts the dependent variable. 

In practical terms, if higher adiposity leads to an elevated PE, which in turn reduces 

someone’s willingness to cycle or walk, then that “perceived effort” is the critical 

mediator. Understanding this mediational chain is essential for designing 

interventions: if perceived effort is the largest barrier, interventions might aim to 

lower the perceived difficulty (e.g., offering e-bikes or gradual training programs) 

rather than focusing solely on external incentives. 
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3.4 Unifying the foundations: The mediation of 

psychobiological mediators 

Taken together, the Götschi Framework offers a flexible scientific template to insert 

internal factors, providing a robust structure to consider how individual and 

contextual elements interact. The Psychobiological Model goes further by 

clarifying the subjective mechanisms by which physical attributes, such as body 

composition, influence behaviour, detailing the interplay between physiological 

constraints and psychological responses. Finally, the Law of Indirect Effect justifies 

and underscores the critical role of psychobiological factors, emphasizing their 

function as mediators in translating physical and psychological states to observable 

behavioural outcomes. 

In conclusion, the integration of these three theoretical perspectives into a unified 

model provides a robust framework for examining the influence of adiposity on 

active commuting behaviours. By emphasizing the role of psychobiological 

mediators, particularly perceived effort, this model offers a nuanced understanding 

of the mechanisms driving these behaviours. Furthermore, it situates these 

individual-level processes within the broader environmental context, ensuring a 

comprehensive approach to analysing and addressing the magnitude of individual 

variables towards AM. 
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Chapter 4 

Causal-comparative 

Study 

4  

4.1 Methods 

4.1.1 Recruitment and procedure 

Participants were recruited from adults of both sexes, aged 18 to 55 years. To be 

eligible, they were required to be free from debilitating diseases, or any conditions 

that could increase health risks during physical activity. Eligibility was determined 

through a basic medical certificate and/or the completion of the PAR-Q+ 20243 

questionnaire (PAR-Q+, 2024). If requirements were not met, participants were 

referred for medical evaluation and were required to obtain clearance before 

inclusion. Individuals who were not able to obtain medical clearance, or had health 

risks or illnesses that deemed incompatibility with physical activity, through the 

PAR-Q or by questioning, were excluded from the study. 

 

 

3 The version used can be found in the supplementary materials. 
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Instructions to participants 

Participants were instructed well in advance for the visit to drink 35 ml of water per 

kg of body weight (approximately 2-3 l) (Marcora & Staiano, 2010), abstain from 

alcohol consumption and intoxication, avoid intense exercise the day before the 

visit (Samuele M. Marcora et al., 2007; Marcora & Staiano, 2010), avoid caffeine 

and nicotine in the 3 hours preceding the visit (Samuele M. Marcora et al., 2007; 

Marcora & Staiano, 2010), sleep at least 7 hours (Riederer, 2020), wear sports 

clothing and footwear, reach the test site fasting for at least 2 hours, and empty their 

bladder before starting the visit (Kyle et al., 2004). 

4.1.2 First visit  

Preparation of room conditions 

The test room was prepared to provide a safe, distraction-free environment with 

adequate space (Myers et al., 2009; Pina et al., 1995) and standardized 

environmental monitoring with room temperature between 18 and 22°C and 

humidity between 45 and 60% (Marcora & Staiano, 2010) for the administration of 

questionnaires, interviews, anthropometric assessments, and physical tests. 

 

4.1.2.1 Questionnaires 

First, the subjects were greeted and any remaining questions related to the study 

were answered. When ready, the following forms were administered to the 

participants in sequence: informed consent, consent to the processing of personal 
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data, PAR-Q+ Questionnaire (Physical Activity Readiness Questionnaire for 

Everyone); Socio-demographic questionnaire; GPAQ Questionnaire (Global 

Physical Activity Questionnaire) (Armstrong & Bull, 2006); BREQ-2 

Questionnaire (Behavioural Regulation in Exercise Questionnaire - 2) (Markland 

& Tobin, 2004); BUT Questionnaire (Body Uneasiness Test) (Cuzzolaro et al., 

2006); EBBS Questionnaire (Exercise Benefits/Barriers Scale)(Koehn & 

Amirabdollahian, 2021); FSS Questionnaire (Fatigue Severity 

Scale).(Impellizzeri et al., 2013); PACES Questionnaire (Kendzierski & DeCarlo, 

1991; Mullen et al., 2011) . 

All questionnaires are present in the supplementary materials. Now a presentation 

and explanation for each questionnaire; 

Socio-demographic questionnaire 

The socio-demographic questionnaire used in this study is a comprehensive 

questionnaire collects information about main social-economic indexes of 

categorization and general information necessary to be able to confront the 

population with other studies. It is a structured tool designed and created for this 

study specifically to collect information about respondents' personal, socio-

economic, health, and activity-related contexts.  

It is mainly a composition of single o specific set of items that were developed 

alone. It is not deigned to provide a complete set of information outside of the scope 

of this study, so lone use is not endorsed nor advised. 



51 

 

The first section is called “General information”, where respondents are asked to 

provide their name, surname, gender (Messing et al., 2003) , and phone number to 

facilitate identification. The next section “socio-economic status” gathers details 

about educational level, marital status, household income, and transportation 

ownership (Christiansen et al., 2014; Flint et al., 2016; Patil et al., 2022). 

Respondents indicate their highest level of education, ranging from "no formal 

education" to "doctoral degree" or "other." Marital status is recorded with options 

such as never married, married, separated, divorced, widowed, cohabiting, or 

"other." Annual household income is divided into brackets that align with the Italian 

IRPEF tax levels and rates for 2024/2025, ranging from €0-15,000 to above 

€50,001. Finally, the household's possession of transportation vehicles is assessed 

through a table where respondents specify the types and number of vehicles owned, 

including bicycles, scooters, cars, or others.  

The health and lifestyle section addresses respondents' perceptions of their physical 

and general health and explores key lifestyle habits. Physical health perception is a 

single-item measure intended to provide a self-reported assessment of overall PA 

(Schechtman et al., 1991). General health perception is also included as a single-

item measure and is notable for its predictive power, as it has been shown to be a 

useful indicator of mortality risk (DeSalvo et al., 2006). Smoking habits are 

explored by asking whether respondents have smoked at least 100 cigarettes in their 

lifetime and whether they smoked in the past two weeks (Agahi et al., 2018; Borrelli 

et al., 2014; Ekelund et al., 2017; Fortmann et al., 1984; United States. Public 
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Health Service. Office of the Surgeon General, 2004). Similarly, alcohol 

consumption is assessed by asking about the number of days within the last 30 

during which the respondent consumed at least one alcoholic beverage or whether 

they abstained entirely during that period (Martin et al., 2012).  

The mobility and transportation section investigates transportation habits and 

environmental factors influencing PA. Respondents are asked if they walk or cycle 

to work, and if so, they provide further details about their commute, such as whether 

the route includes parks or green areas, sidewalks or pedestrian zones, and 

dedicated bike lanes (Broach et al., 2012; Humpel et al., 2002; Kim et al., 2020). 

This section also explores perceptions of safety while walking, running, or cycling, 

considering both crime and traffic (Boslaugh et al., 2004; de Souza et al., 2014; 

Fowler et al., 2017; Heinen et al., 2011). Furthermore, respondents rate the 

pleasantness (J. Panter et al., 2014) of engaging in these activities in their 

neighbourhood (Humpel et al., 2002; J. Panter, Griffin, et al., 2011; J. Panter et al., 

2014).  

Lastly, the sports and leisure activities section evaluates the respondent's history of 

PA by asking if they have ever participated in regular sports or PA for at least three 

months and whether they are continuing to do so (Henriques-Neto et al., 2020; 

Marques et al., 2016). 

Overall, the questionnaire provides a comprehensive overview of individual 

characteristics, lifestyle habits, and environmental influences, making it a valuable 
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tool for understanding factors related to PA and health. The inclusion of single-item 

measures for physical and general health adds valuable insights, with the former 

capturing self-reported activity levels and the latter serving as a robust predictor of 

mortality. Additionally, the income brackets reflect the Irpef tax thresholds, 

enabling comparisons based on standard socio-economic divisions. 

Global Physical Activity Questionnaire (GPAQ) 

The Global Physical Activity Questionnaire (GPAQ) was developed by the WHO  

for monitoring physical activity across different domains of daily life, and is a 

widely used standardized tool that has been validated in diverse populations (Bull 

et al., 2009; Herrmann et al., 2013; Wanner et al., 2017). It comprises 16 items (P1-

P16) covering three domains: physical activity at work, travel to and from places, 

and recreational activities. To aid participants in distinguishing levels of intensity, 

interviewers are instructed to use standardized Show Cards that illustrate examples 

of moderate- and vigorous-intensity activities (WHO, 2021). Detailed scoring 

procedures are provided in the appendix. 

In this study, the questionnaire was administered in interview mode, meaning that 

trained interviewers asked the questions face-to-face and recorded participants’ 

responses. This mode was selected because it helps ensure participants’ 

understanding of activity intensity, allows clarification of ambiguous responses, 

promotes standardized use of the Show Cards, and reduces missing or inconsistent 

data. Compared with self-administered modes, interview delivery has been shown 
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to slightly improve data quality, especially in populations with diverse educational 

backgrounds and varying levels of participation PA (Herrmann et al., 2013; Meh et 

al., 2023; Wanner et al., 2017). 

Behavioural Regulation in Exercise Questionnaire - 2 (BREQ - 2) 

The BREQ-2 is a questionnaire designed to assess motivations for engaging in 

physical exercise. It consists of 19 questions, with responses rated on a 5- point 

Linkert scale from 0 to 4 (0 = not true at all for me; 4 = very true for me) (Ingledew 

& Markland, 2008; Markland & Tobin, 2004). 

The items are divided into five subscales:  

- Amotivation 

- External regulation 

- Introjected regulation 

- Identified regulation 

- Intrinsic motivation 

- Relative autonomy index 

Body Uneasiness Test (BUT) 

The Body Uneasiness Test (BUT) is a questionnaire consisting of 34 questions, 

where responses are rated on a scale from 0 to 5 (0 = never; 5 = always). The higher 
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the score, the greater the body discomfort (Cuzzolaro et al., 2006; the QUOVADIS 

Study Group et al., 2007). 

The questions are divided into a global severity index and 5 subscales: 

Weight phobia (fear of being or becoming fat) 

Concerns about body image (concern related to physical appearance) 

Avoidance (avoidance behaviours related to body image) 

Compulsive self-monitoring (compulsive control of physical appearance) 

Depersonalization (feelings of detachment and alienation from the body). 

 

Scoring BUT 

- Global severity index: Average score of all 34 items. 

- Weight phobia: Average score of items 9, 10, 18, 21, 24, 31, 32, 33. 

- Concerns about body image: Average score of items 3, 4, 6, 12, 15, 

22, 23, 25, 34. 

- Avoidance: Average score of items 5, 8, 13, 16, 19, 30. 

- Compulsive self-monitoring: Average score of items 1, 11, 17, 20, 27. 
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- Depersonalization: Average score of items 2, 7, 14, 26, 28, 29. 

 

Exercise Benefits/Barriers Scale (EBBS) 

The Exercise Benefits/Barriers Scale (EBBS) is a questionnaire consisting of 43 

questions in which the respondent is asked to indicate their level of 

agreement/disagreement regarding their perceptions of the benefits and barriers to 

exercise (Sechrist et al., 1987). The responses are based on a 4-point Likert scale: 

MA for "Strongly Agree" 

A for "Agree" 

D for "Disagree" 

MD for "Strongly Disagree" 

29 questions assess the benefits, and 14 questions assess the barriers. 

The questions about benefits are divided into: Improvement of life, physical 

performance, psychological outlook, social interaction, prevention. 

The questions about barriers concern: resources, time commitment, physical 

effort, family discouragement.
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Scoring EBBS 

Barriers scale: Sum of items 4, 6, 9, 12, 14, 16, 19, 21, 24, 28, 33, 37, 40, 42 

Benefits scale: Sum of items 1, 2, 3, 5, 7, 8, 10, 11, 13, 15, 17, 18, 20, 22, 23, 25, 

26, 27, 29, 30, 31, 32, 34, 35, 36, 38, 39, 41, 43 

 

Fatigue Severity Scale (FSS) 

The Fatigue Severity Scale (FSS) is a questionnaire developed by Krupp et al. 

(1989). It consists of 9 questions that measure how fatigue impacts motivation, 

exercise, physical functions, completing responsibilities, and how it interferes with 

work, family, or social life. 

The respondent is asked to rate the degree of fatigue they experienced over the past 

week on a numerical scale from 1 to 7, where 1 indicates strong disagreement and 

7 indicates strong agreement (Impellizzeri et al., 2013; Krupp, 1989). 

 

Scoring FSS 

The score is the average of all 9 items. 

PACES (Physical Activity Enjoyment Scale) 

This  questionnaire had its original version was developed by Kendzierski and De 

Carlo (1991)(Kendzierski & DeCarlo, 1991). In the present study, the modified and 
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validated version by (Carraro et al., 2008) is used, consisting of 16 questions, to 

which respondents are asked to answer on a scale from 1 to 5 (1 = strongly disagree; 

5 = strongly agree). It measures the enjoyment during a PA performed. 

9 questions are positive, and 7 are negative. A high score on the positive questions 

and a low score on the negative ones indicates high enjoyment of physical exercise. 

A total score can be calculated by reversing the scores of the negative items and 

summing them with the positive ones. With this procedure, the total score can range 

from 16 to 80 points (Carraro et al., 2008). 

 

Scoring PACES 

- Sum of the positive items (1, 4, 6, 8, 9, 10, 11, 14, 15) 

- Sum of the negative items (2, 3, 5, 7, 12, 13, 16) 

- Sum of the positive items and the reversed score of the negative items. 

 

4.1.2.2 Anthropometric measurements 

Anthropometric measure included BMI, but also other body indexes 

Participants wore light clothing for all assessments (Health Survey for England, 

2012; The Health survey for England 2020/2021, 2020; WHO, 2011). Before 

measurements began, they were asked to remove all outer layers (e.g., jackets, 

heavy jumpers, cardigans, waistcoats), any garments intended to alter body shape 
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(e.g., corsets, Lycra tracksuits, support tights) and heavy or metallic removable 

accessories (e.g., jewellery, watches, belts, removable piercings), and to empty their 

pockets if present. (Health Survey for England, 2012; The Health survey for 

England 2020/2021, 2020; WHO, 2011). 

Height measurement 

Height was measured using a stadiometer, with participants standing barefoot or in 

thin socks on the platform. They were positioned upright with weight evenly 

distributed, heels together, arms relaxed at the sides, and the head aligned so that 

the gaze was horizontal. The back, buttocks, and heels were kept in contact with the 

vertical bar, and participants were asked to maintain full extension. The stadiometer 

plate was lowered to the highest point of the head with sufficient pressure to 

compress the hair, and correct placement was verified. Height was recorded in 

centimetres to the nearest millimetre, with intermediate values rounded down to the 

nearest even millimetre. Measurements were performed carefully to avoid plate 

displacement when the participant stepped off the platform. (Health Survey for 

England, 2012; The Health survey for England 2020/2021, 2020; WHO, 2011). 

Waist circumference measurement 

Waist circumference was measured with participants standing upright, feet 

together, arms relaxed, and breathing normally (WHO, 2011; Health Survey for 

England, 2012; 2020/2021). A stretch-resistant tape was positioned horizontally, 
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snug but not constricting, and parallel to the floor (WHO, 2011). Two reference 

sites were used: 

1) the midpoint between the lower margin of the last palpable rib and the top of the 

iliac crest along the mid-axillary line (WHO, 2011; Health Survey for England, 

2012; 2020/2021), and 2) the lateral-upper border of the right ilium (Woolcott & 

Bergman, 2018).  

Measurements were taken at the end of a normal exhalation and recorded to the 

nearest 0.1 cm in centimetres and millimetres (WHO, 2011; Health Survey for 

England, 2012; 2020/2021). If the value was between two millimetres, the nearest 

even millimetre was recorded (WHO, 1995; Health Survey for England, 2012; 

2020/2021). Each measurement was repeated twice; if values differed by ≤1 cm, 

the mean was retained, otherwise two further measures were performed (WHO, 

2011). 

Hip circumference was measured under the same conditions, at the widest part of 

the buttocks, following WHO (2011) guidelines. 

Weight and body fat percentage measurement (TANITA BC - 730) 

Measurements were taken at least three hours after the participant had stood up, 

eaten, or engaged in strenuous exercise, under conditions of constant hydration. 

Participants were measured without heavy clothing, with socks removed, and with 

clean soles placed directly on the scale platform. Accurate readings could not be 

obtained if the soles were dirty, the knees were bent, or the participant was sitting. 
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Heels were aligned with the platform electrodes during measurement (Tanita, 

2011). 

Tanita defines an athlete as a person who trains intensively for ~10 hours per week, 

with a resting heart rate of ≤60 bpm, or as an individual who has followed a fitness 

programme for years, even if currently training less than 10 hours per week. To 

distinguish athletes from non-athletes, the NASA Activity Scale (NAS) (Wier et 

al., 2001); see Figure 2) was administered prior to measurement. The NAS ranges 

from 0 to 10, based on weekly minutes of physical activity or total kilometres 

walked/run: 0-1: very low activity; 2-3: recreational/moderate activity (e.g., golf, 

gardening, ~30 min-2 h per week); 4-10: regular aerobic training from light to 

heavy intensity. 

Ergo, according to Tanita’s definition, a score of 0-8 indicates a non-athlete male 

or female, while a score of ≥9 identifies a male or female athlete. (Wier et al., 2001). 

Figure 2 - NASA activity scale  
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Calculation of anthropometric indices 

Body Mass Index (BMI) 

The BMI is an indicator of the severity of obesity, based on height and weight. 

However, the limitations of the BMI as a measure of total body fat must be 

recognised. For example, BMI overestimates body fat in very muscular people and 

may underestimate body fat in people who have lost muscle mass. BMI is calculated 

as follows: BMI = weight (kg) / height squared (m²) (National Heart, Lung, and 

Blood Institute, 1998). 

Relative Fat Mass (RFM) 

The RFM is an alternative, simple and inexpensive method to estimate body fat 

percentage in adults (Woolcott & Bergman, 2020). The RFM was derived from the 

ratio of height to waist circumference (Woolcott & Bergman, 2018). The RFM is 

calculated as follows: RFM = 64 - (20 x height/waist circumference) + (12 x sex); 

sex equals 0 for men and 1 for women. Height and waist circumference are 

measured in the same units (m) (Woolcott & Bergman, 2018, 2020). 

Waist-to-Hip Ratio (WHR) 

WHR has been suggested as a measure of body fat distribution (World Health 

Organisation, 2011). WHR is calculated as follows: WHR = waist circumference 

(cm) / hip circumference (cm). 
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Heart rate recording for the Siconolfi Step Test 

Heart rate was recorded continuously during the Siconolfi Step Test using a Polar 

H1 chest strap sensor (Polar Electro, Kempele, Finland). The device consisted of 

an elastic strap with integrated electrodes placed around the chest, below the 

pectoral muscles, connected to a transmitter that relayed the signal to the receiving 

device. Electrodes were moistened before use to ensure proper skin contact, and the 

strap was adjusted for a snug but comfortable fit, with the transmitter positioned 

centrally on the chest. Standard cleaning and maintenance procedures, as 

recommended by the manufacturer, were followed after each use. 

4.1.2.3 Physical testing protocol 

In the present work, the Siconolfi Step Test (SST) (Siconolfi et al., 1985) was 

selected as the primary method for assessing physical fitness in adults with 

heterogeneous fitness levels. This choice was guided by several considerations. 

First, the SST has been demonstrated to be a valid and reliable protocol for 

estimating maximal oxygen uptake (VO₂max) across different populations. Its 

predictive accuracy has been established in epidemiological settings as well as in 

clinical groups, while maintaining high test-retest reliability (S. M. Marcora et al., 

2007; Siconolfi et al., 1985). 

A key advantage of the SST is that it is a submaximal test. Unlike protocols 

requiring maximal exertion, the SST places a lower physiological burden on 

participants reducing potential risks, while increasing tolerability. This 
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characteristic is particularly important when testing individuals with high adiposity, 

for whom maximal exercise testing on ergometers or treadmills may be 

uncomfortable or impractical. By requiring only moderate levels of exertion (65% 

of estimated max HR), the SST allowed safe and inclusive assessment across a wide 

spectrum of body composition and fitness status. 

The ecological validity of the SST also makes it especially suitable for the rationale 

of the present study. This protocol requires minimal equipment and simulates an 

activity that is common in daily life, like climbing stairs. In this way, the test not 

only provides an estimate of cardiorespiratory fitness but also serves as a 

meaningful simulation for everyday physical function. Participants are not required 

to interact with specialized machinery or devices unfamiliar to their normal 

routines, which increases both the feasibility of administration and the 

interpretability of results in real-world contexts. 

In this study, the only modification to the original Siconolfi Step Test (SST) 

protocol consisted of the administration of visual analogue scales (VASs) during 

the recovery pauses between successive step-frequency levels. These brief 

assessments were introduced to capture subjective dimensions of exercise response 

that are not reflected by physiological measures alone. Specifically, participants 

were asked to rate their perceived effort, affective response, and fatigability severity 

on standardized VASs. The inclusion of these measures allowed for the 

simultaneous evaluation of both objective cardiorespiratory fitness and subjective 
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exercise experience. By embedding the VAS administration within the short pauses 

already present in the SST protocol, the original structure and intensity of the test 

were preserved, while providing additional insights into participants’ 

psychophysiological responses to submaximal exercise. 

Siconolfi Step Test 

The test procedure began with the participant being fitted with a heart rate sensor. 

Prior to the start of the protocol, the procedure was explained in detail, and the 

assessment instruments (Borg, 1982; Hardy & Jack Rejeski, 1989; Schnelle et al., 

2012) were introduced to ensure participants were familiar with their use. An 

information sheet was then completed, and the participant’s maximal heart rate 

(HR) was estimated using the conventional formula (220 − age). From this value, 

the target HR was calculated as 65% of maximal HR. Participants were also asked 

to report their initial level of fatigue using the Fatigue Scale before the test 

commenced. 

The first stage of the Siconolfi Step Test was then initiated, with a metronome set 

at 68 beats per minute, corresponding to 17 full step cycles per minute. Participants 

were instructed to fully extend their knees during the stepping action. This initial 

stage lasted three minutes, during which HR was continuously monitored and 

recorded at the end of the stage. To ensure accurate data transmission, the receiving 

device was kept within one metre of the sensor. At the end of the stage, participants 

completed the Fatigability Scale to indicate changes in fatigue and, during the 
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subsequent one-minute recovery period, they were asked to rate their perceived 

exertion (Borg RPE scale) and affective state (Feeling Scale). 

If the target HR was reached at the end of the first stage, the test was terminated. If 

not, after the recovery period the metronome was increased to 104 beats per minute 

(26 step cycles per minute) for a second three-minute stage. In cases where the 

target HR remained below the threshold after the second stage, a further recovery 

period was provided, and the test proceeded to a third stage at 136 beats per minute 

(34 step cycles per minute). This process continued until the participant achieved 

the target HR or the protocol concluded. 

So, the present study followed the original Siconolfi Step Test protocol with the 

only modification being the administration of visual analogue scales during 

recovery pauses. For a full account of the original procedure, see (Siconolfi et al., 

1985). 

VAS Scales 

Perceived effort was assessed using the Borg Rating of Perceived Exertion (RPE) 

scale in its 6-20 version (Borg, 1982). This scale is designed to quantify the 

individual’s subjective sense of how hard they are working, integrating multiple 

internal cues such as cardiorespiratory strain, muscular effort, and central drive. 

The numerical range was originally intended to correspond approximately to heart 

rate multiplied by ten in healthy adults, but in practice it functions as a psychometric 

index of perceived exertional load. As with any self-report scale, the RPE captures 
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the perceived rather than actual physiological effort, and is therefore conceptualized 

as a proxy for the internal experience of exertion rather than a direct measure of 

metabolic demand. 

Affective response (AR) was measured using the Feeling Scale (FS) developed by 

Hardy and Rejeski (1989). The FS is a single-item 11-point scale anchored from +5 

(“very good”) to −5 (“very bad”), with 0 representing a neutral state. It is intended 

to capture the valence dimension of affective experience during physical activity, 

that is, the degree to which the activity is experienced as pleasant or unpleasant. 

Although ARs are often correlated with physiological arousal, they are not 

reducible to it. The FS provides a simple yet sensitive index of the subjective 

hedonic tone associated with the exercise bout, functioning as a psychometric proxy 

for the affective construct rather than a direct readout of any physiological or neural 

state. 

Fatigability severity was evaluated using the instrument developed by Schnelle et 

al. (2012), which asks participants to rate the extent to which they feel fatigued as 

a result of the exertion they have just performed. Unlike perceived effort, which 

pertains to the ongoing intensity of the task, fatigability reflects the individual’s 

subjective sense of being depleted or weakened as a consequence of the exercise. It 

is therefore conceptually closer to the construct of exercise-induced fatigue rather 

than effort. As with the other scales, fatigability ratings are inherently subjective 
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and are best understood as psychometric indicators of a latent construct, capturing 

the individual’s internal appraisal of their functional capacity following exertion. 

Taken together, these three self-report instruments allowed the present study to 

incorporate subjective indices of effort, affect, and fatigability alongside the 

physiological outcomes of the step test. This approach reflects the view that 

exercise is not solely a physiological event but also a psychophysiological 

experience, and that understanding individuals’ responses requires the integration 

of both objective and subjective data. 

Physical activity monitoring 

Participants wore the wGT3X-BT triaxial accelerometer (Actigraph LLC, 

Pensacola, FL, USA) on the dominant hip 24hours of the day for 7 days, except 

during bathing, swimming, but it was suggested to be kept when sleeping, due to 

the low dimensions of instrument. Accelerometer  data were sampled at 30 Hz and 

processed in 1 min epochs (Brønd & Arvidsson, 2016; Migueles et al., 2017). using 

the ActiLife software (version 6.13.4). Participants needed at least 4 days of wear  

time-3 weekdays and  1   weekend day-for at least 10 h per day for a valid 

measurement of usual PA (Healy et al. 2011). Accelerometer data were validated 

for wear time with the Troiano algorithm (Troiano et al. 2007). 1 min epochs were 

scored using the Freedson cut points for triaxial accelerometer output; Light ≤ 2690, 

Moderate-to-Vigorous (MVPA) ≥   2691 (Sasaki et al. 2011).  The Freedson cut 

points have been recommended as the optimum cut points for assessing PA in adults 



69 

 

based on hip-worn triaxial accelerometer (Migueles et al. 2017). A cut point for 

sedentary behaviour of ≤ 199 counts/min was included (Aguilar-Farías et al. 2014). 

The cut point analysis allowed us to determine the minutes of wear participants 

spent in MVPA, and total minutes MVPA combined. 

Accelerometers were initialized and programmed via ActiLife software. Devices 

were connected to a laptop using a USB-Micro cable and configured with 

participant information, measurement start date, and relevant device settings. At the 

end of the monitoring period, raw data were downloaded through ActiLife, 

processed using the software’s scoring algorithms, and exported for further 

analysis. 

4.1.3 Second visit 

At the end of the seven-day monitoring period, participants attended a second visit 

to return the accelerometer, during which data from the devices were retrieved. 

4.1.4 Data Analysis 

For the data analysis in this study, it was used Microsoft Excel and Jamovi 

(v.2.6.44, a modern open-source statistical software platform designed to facilitate 

robust and user-friendly data analysis (Navarro & Foxcroft, 2018). Jamovi offers 

an intuitive user interface that helps in choosing and manipulating statistical 

analyses. It will be also used for visualization tables and extensions in this work. 
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All data is presented using mean and SD. Unless otherwise noted, all correlations 

are calculated with Pearson’s r. When normality assumption was violated, 

Spearman’s rho was used. 

Mediation Analysis 

Classic rigorous approach to mediation requires satisfying three distinct steps 

before proceeding to the fourth, (the actual mediation test) as originally produced 

by Baron and Kenny (1986). While this prescription method is now widely regarded 

as methodologically unnecessary in many contemporary mediation contexts (with 

the modern approach often discarding the initial (X)-->(Y); (Shah et al., 2016), the 

innovative approach of this study opts with caution to not omit the canonical 

statistical first step, and evaluate all possible independent variables hypothesised. 

Psychological scores and variables describing behaviour frequently present 

distributional issues (for example, strong skewness and zero inflation) and thus tend 

not to fulfil fundamental assumptions related to the central limit theorem (Sawada, 

2021). Such issues have been documented from the early stages of the field 

(Eysenck, 1958) up to more recent research (Blanca et al., 2013). 

When violations of statistical assumptions precluded the use of classical parametric 

procedures, robust alternatives were employed. These tests allowed us to account 

for non-normality and heteroscedasticity, enabling the hypotheses to be assessed 

through a robust and valid alternative methodology (Karch, 2021; Munzel & 

Brunner, 2000). 
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Checking for abnormalities 

The dataset was examined to identify abnormalities such as missing values, 

impossible measurements, or extreme outliers clearly inconsistent with the study 

context. These data points were flagged and excluded from subsequent analyses to 

preserve data integrity. 

Reviewing feasible but unusual data 

After the exclusion of clear abnormalities, the dataset was further reviewed for 

outliers that, although unusual, were still feasible within the study context. These 

values were scrutinized to determine whether they reflected genuine variation in the 

population or required further consideration. 

Assessing normality distribution 

Normality was assessed using both statistical tests (e.g., Shapiro-Wilk) and 

graphical methods (e.g., histograms, Q-Q plots). In cases where skewness violated 

the normality assumption, non-parametric tests were applied whenever appropriate. 

When this was not feasible given the nature of the analysis, data transformations 

(e.g., logarithmic, square root, or cube root) were performed (Ali & Bhaskar, 2016). 

If individual outliers contributed disproportionately to skewness, trimming or 

winsorzing methods were employed to restore distributional symmetry. 

4.1.5 Ethics 

This study was conducted in accordance with the principles of the Declaration of 

Helsinki, ensuring respect for human dignity and the rights of participants. It also 



72 

 

adhered to the European Union General Data Protection Regulation (GDPR), which 

safeguards the privacy and protection of personal data. All participants were 

informed about the aims of the study, the types of data collected (including height, 

weight, body composition, and questionnaire responses on commuting and personal 

habits), and the procedures implemented to guarantee confidentiality. 

Data were collected, processed, and stored securely, with access restricted 

exclusively to the principal investigator and the research supervisor. Participants 

provided written informed consent prior to inclusion in the study, and their right to 

withdraw at any time without consequence was explicitly guaranteed. 

Ethical approval for the study was obtained from the Bioethical Committee of the 

University of Bologna. In accordance with the legal and institutional regulations of 

the university, data are securely archived in the laboratory for a period of five years, 

during which participants have the right to request, obtain or recess the use of their 

raw data. 
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4.2 Results 

4.2.1 Result from first visit 

Subjects were recruited by word-of-mouth in gyms, university, relatives and 

friends. A total of eighty-eight (n=88) subjects were screened for the study, of 

which seventy-two (n=72) met the eligibility criteria. Eight (n=8) participants were 

excluded due to not meeting the health criteria, which required the absence of 

medical conditions or prescription drug use that could have been negatively 

impacted by PA or for which PA was not recommended, and four (n=4) participants 

did not complete the test battery. 

4.2.2 Anthropometric data 

In the first visit, subjects’ anthropometric data were collected, and the sample in the 

study, composed of 39 males and 33 females (45.8% = Female), showed a mean 

age of 32.0 ± 9.36 years. Age of subjects ranged from 18 to 55 years. Participants' 

height averaged 1.70 ± 0.08 meters, varying between 1.54 and 1.85 meters. The 

mean weight was 72.92 ± 12.43 kilograms with lowest and highest values of 51.0 

to 120.9 kilograms. Body fat percentage measured with body impedance analysis 

with TAMITA BC-730, was 25.06 ± 8.60 (%). The gender difference present 

normal trend, as can be seen in table 3. 
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Table 3 - Anthropometric differences by gender in the sample population 

  Gender Mean Median SD Minimum Maximum 

Age Male 32.051 28 9.29898 18 54 

Female 31.939 28 9.58495 20 55 

Height Male 1.746 1.760 0.06226 1.600 1.850 

Female 1.640 1.630 0.05676 1.540 1.740 

Weight Male 79.487 77.700 11.45656 51.000 120.900 

Female 65.170 62.900 8.49634 52.100 83.400 

BIA %BF Male 20.838 19.400 6.85311 8.000 39.000 

Female 30.048 28.900 7.81397 11.700 42.700 

 

 The calculation of RFM, WHR, and BAI required different reference points of the 

waist (Suchanek et al., 2012; Swainson et al., 2017; Vinknes et al., 2013; WHO, 

2011). However, BAI and RFM shared the same site (largest waist circumference). 

Table 4 showed the distribution and correlation of each with bioimpedance 

objective %Body Fat and BMI. BIA %BF showed strong positive correlations with 

both BAI (Body Adiposity Index) (r = 0.787, p < 0.001) and RFM (Relative Fat 

Mass) (r = 0.906, p < 0.001). Additionally, there was a moderate positive correlation 

between BIA %BF and BMI (Body Mass Index) (r = 0.629, p < 0.001). However, 

the relationship between BIA %BF and WHR (Waist-to-Hip Ratio) was weak and 

not statistically significant (r = 0.095, p = 0.428). 
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4.2.3 Questionnaire Results 

 

Socio-economical status 

The income distribution indicated that 19.4% of individuals fell within the <15k 

income range. The largest group, comprising 43.1% of individuals, fell within the 

15k<28k range, raising the cumulative percentage to 62.5%. 

A total of 25.0% of individuals reported incomes in the 28k<50k range, increasing 

the cumulative percentage to 87.5%. Finally, 12.5% of individuals in the sample 

declared incomes over 50k. 

In terms of civil status, the majority of participants were not married (52.8%), 

followed by married (19.4%) and cohabiting individuals (15.3%), with fewer 

reporting other statuses (6.9%) or being separated/divorced (5.6%). 

Educational status: Table 6 presents the results of questionnaire relative to 

instruction level. The names of the levels are the Italian levels or degree of 

education as the sample was all located in Italy. 

Table 4 - Instruction level frequencies 

Instruction Level % of Total Cumulative % 

Secondaria Primo Grado 5.6% 100% 

Secondaria Secondo Grado 1.4% 94.4% 

Secondaria Secondo Grado 47.2% 93.1% 
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Laurea Triennale 20.8% 45.8% 

Laurea Magistrale 23.6% 25.0% 

 

Vehicle possession was widespread among participants. A total of 61 individuals 

(84.7% of the sample) reported owning a car, the same proportion also reported 

owning a bicycle, and an identical share indicated possession of a motorcycle or 

scooter. So, a significant majority of individuals in the sample owned at least one 

type of vehicle. Cross-frequencies show that 63 (87,5%) possessed both, 4 (5,5%) 

possessed neither, 4 (5,5%) possessed just motorized vehicles and only 1 (1,3%) 

possessed just muscles-activated vehicles. 

Environmental Perception 

Relating to environment, among the sample 81.9% of individuals reported no access 

to parks or green areas, while 18.1% had access. Access to sidewalks was reported 

by 30.6% of individuals, with 69.4% indicating no access. Access to bikeways was 

available to 20.8% of individuals, while 79.2% reported no access. 

The distribution of neighbourhood safety perception indicated that 37.5% of 

individuals considered their neighbourhood very safe, 45.8% considered it safe, 

13.9% considered it unsafe, and 2.8% considered it very unsafe. For heavy traffic 

perception, 16.7% of individuals found their area very safe from traffic, 51.4% 

found it safe, 22.2% found it unsafe, and 9.7% found it very unsafe. Regarding the 
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perception of enjoyable scenery, 25.0% rated their scenery as very enjoyable, 

58.3% as enjoyable, 13.9% as unenjoyable, and 2.8% as very unenjoyable. 

Table 5 - Environmental variables 

Category 
Very Safe / Very 

Enjoyable 

Safe / 

Enjoyable 

Unsafe / 

Unenjoyable) 

Very Unsafe / Very 

Unenjoyable 

Neighbourhood Safety 

Perception 

37.5% 45.8% 13.9% 2.8% 

Heavy Traffic 

Perception 

16.7% 51.4% 22.2% 9.7% 

Enjoyable Scenery 25.0% 58.3% 13.9% 2.8% 

 

Psychological status 

Behavioural Regulation in Exercise Questionnaire (v.2): 

The scores of the BREQ-2 test were divided per subscales. Higher scores were 

present on Intrinsic and Integrated Regulation, and lower scores in External 

Regulation and Amotivation, indicating a tendency of subjects to be generally 

motivated by more self-determined and internalized factors. Also, the Relative 

Autonomy Index (RAI) was calculated, scoring 12.4 (SD = 5.21). The RAI’s value 

ranged from -24 to 20, meaning that internalized and self-determined forms of 

motivation were predominant, such as engaging in exercise for personal satisfaction 

or alignment with personal values, rather than external pressures or rewards. 
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Body Uneasiness Test 

BUT (Body Uneasiness Test) subscales, which ranged from 1 (never) to 5 (always), 

showed that Weight Phobia had a mean of 1.608 (SD = 1.043), indicating infrequent 

concerns about weight. Image Body Concern had a mean of 1.420 (SD = 0.959), 

reflecting similar infrequent preoccupations with body image. Compulsive Self-

Monitoring had a mean of 1.100 (SD = 0.815), showing low engagement in self-

monitoring behaviours. Depersonalization had a mean of 0.558 (SD = 0.586), 

representing very rare feelings of detachment. Exercise Avoidance had a mean of 

0.333 (SD = 0.466), indicating minimal avoidance of exercise due to body-related 

concerns. Finally, Global Severity had a mean of 1.073 (SD = 0.695), reflecting low 

overall body uneasiness across the subscales. 

Exercise Benefits/Barries Scale 

Table 6 - EBBS Scoring 

Subscale Mean SD 

EBBS Total Benefits 94.60 10.84 

EBBS Total Barriers 26.71 4.85 

EBBS Physical Exertion 7.58 1.81 

EBBS Total Score 137.89 13.61 
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The descriptive statistics for the EBBS (Exercise Benefits/Barriers Scale) indicated 

that participants reported a mean score of 94.60 (+25.4%) ±10.84 for total benefits, 

suggesting a higher-than-average perception of exercise benefits. The mean score 

for total barriers was 26.71 (-19.7%) ±4.85, indicating a lower-than-average 

perception of obstacles to exercise. Perceived physical exertion had a mean score 

of 7.58 (+0.9%) ±1.81, reflecting a near-average level of exertion during exercise. 

The overall EBBS total score had a mean of 137.89 (+23.6%) ±13.61, showing a 

generally higher-than-average positive perception of exercise. 
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Physical Activity Behaviour 

Global Physical Activity Questionnaire: 

Table 7 - GPAQ Scoring 

Variable (Mets/Week) Mean Median SD Skewness SE 

GPAQ WORK MOD 1831 0 3434 2.12 0.283 

GPAQ WORK VIG 730 0 2958 5.15 0.283 

GPAQ TOTAL WORK 2561 0 4909 2.52 0.283 

GPAQ LEISURE 

MOD 

527 360 670 1.83 0.283 

GPAQ LEISURE VIG 781 0 1348 2.92 0.283 

GPAQ TOTAL 

LEISURE 

1308 960 1666 3.17 0.283 

GPAQ TRANSPORT 295 0 513 2.02 0.283 

GPAQ TOTAL 4163 2160 5148 2.29 0.283 

The skewness values across all domains are positive, indicating that the 

distributions are right-skewed, with many participants reporting low levels of 

activity and a smaller number reporting very high levels. High standard deviations 

further highlight variability, particularly in work-related and total PA. Additionally, 

the presence of 0-value inflation is clearly evident, as seen in the medians of zero 

across several domains (e.g., GPAQ WORK MOD, GPAQ WORK VIG, GPAQ 

TRANSPORT), indicating a significant proportion of participants who  
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report no activity in these areas. This pattern demonstrates a departure from a 

normal distribution, with a large concentration of values at the lower end and an 

extended right tail due to a few extreme values. This underscores the heterogeneous 

nature of the data and the lack of symmetry in the distributions, observable in Fig.4.  

 

 

4.2.4 Physical test data 

No participants experienced any issues during the Siconolfi’s Step Test. The test 

was terminated when a participant could no longer maintain the required step 

frequency. The protocol specified that the test ended upon reaching 65% of the 

maximum heart rate, calculated using the formula (220 − age). At the end of each 

step (up to a maximum of three steps), the heart rate (HR) was recorded. 

Figure 3 - GPAQ Total Score 
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Additionally, the RPE, Feeling Scale, and Fatigue & Fatigability were noted at the 

end of the first step. The term "isotime" referred to variables recorded at the same 

elapsed time from the test's start for all participants, which in this case occurred at 

the end of the first step. All participants were able to complete the first step, and no 

one asked to stop or was unable to continue before completing it. Among the 

participants, 20.8% reached their 65% HRmax by the end of the first step, 54.2% 

achieved this threshold by the end of the second step, and 25% did not reach 65% 

HRmax within the test. Despite this variability, RPE and %HRmax values at 

isotime were available for all participants. Table 12 below presents the results of 

the test. 

Table 8 - Results from Siconolfi's Step Test 

 

Mean SD Minimum Maximum 

RPE 

 

9.80 

 

2.47 

 

6.00 

 

17.0 

 

FS  2.12  1.66  -1  5  

Fatigue  3.55  1.537  1  6  

Fatigability  4.18  1.13  2  6  

HR isotime 

 

108.21 

 

13.51 

 

73 

 

137 

 

%HRmax 

isotime 

 

57.79 

 

8.60 

 

39.25 

 

83.03 

 

VO₂max 

(ml/min/Kg) 

 

32.09 

 

7.76 

 

14.55 

 

49.5 
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4.2.5 Week Monitoring 

Accelerometric data provided sequent values: 

Table 9 - Actigraph Data Output 

Variable N Missing Mean Median SD Minimum Maximum 

Week Sedentary (min) 66 6 7526 7711 1079 4452 9166 

MVPA TOT 71 1 287 286 151 0 681 

Work Week Total Steps 66 6 38665 36074 13498 16534 81760 

Weekend Total Steps 66 6 14507 13557 7789 2172 42203 

Total Average Daily Steps 66 6 7493 7318 2361 3220 13810 

 

Week Sedentary: Out of 66 valid responses (6 missing), the mean sedentary time 

is 125 hours and 26 minutes per week (±1079), averaging 17 hours and 55 minutes 

per day. 

MVPA TOT (Moderate to Vigorous Physical Activity): For 71 valid responses 

(1 missing), the mean is 4 hours and 47 minutes per week (±151), ranging from 0 

to 11 hours and 21 minutes. 

Work Week Total Steps: With 66 valid responses (6 missing), the mean total steps 

during the workweek is 38,665 (±13,498), ranging from 16,534 to 81,760 steps. 

Weekend Total Steps: Among 66 valid responses (6 missing), the mean weekend 

steps are 14,507 (±7789), ranging from 2172 to 42,203 steps. 
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Total Average Daily Steps: For 66 valid responses (6 missing), the mean daily 

steps are 7493 (±2361), ranging from 3220 to 13,810 steps. 

These results provide an overview of participants' sedentary time and PA patterns, 

showing considerable variability across the sample. Participants were instructed to 

wear the accelerometer 24 hours a day, except during washing and showering or if 

it became an issue or very uncomfortable. Participants were provided with contact 

information for support, but no participant reached out. When contacted for check-

ups, all participants confirmed adherence to the monitoring protocol positively. 

However, some analyses could not be performed due to insufficient data from the 

accelerometer and violation of conditions. Between the interested variables only 

MVPA retained enough valid subjects. 
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4.3 Data Analysis 

Hypotheses are tested following  a comparative-causal method. Figure 4 illustrates 

the overall permutations, with A and B representing the indirect relationship of the 

mediator, and C representing the direct relationship between independent and 

dependent variable. Hypothesis 1 stated “Does Adiposity predict Perceived Effort 

and Affective Response Correlates?” testing the permutations possible of the A 

interaction. Normality of distributions was assessed with the Shapiro–Wilk test as 

well as visual inspection of histograms and Q–Q plots. Given the relatively large 

sample size (n > 70), the Shapiro–Wilk test was highly sensitive to minor deviations 

from normality. However, visual inspection of Q-Q plot and histogram did not show 

a violation of normality in the centre distribution, but mainly in the tails. 

Nonetheless, since most variables significantly deviated from normality (p < .05), 

non-parametric Spearman’s rank correlations was used for subsequent analyses. 

Adiposity 

PE, BU, AR 

AM, PA 

Figure 4 – Permutation model 

Direct interaction 

Indirect interaction 

A B 

C 
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The variables included in the correlation analysis were as follows: 

Adiposity variables4: %BF; BMI; BAI; RFM 

Psychobiological Perceived Effort Variables: RPE Isotime; %HRmax; EBBS 

Physical Exertion  

Body Uneasiness Variables: Weight phobia; body image concern; exercise 

avoidance; compulsive self-monitoring; depersonalization, and global severity. 

Affective Response: FS; PACES 

Adiposity indices were consistently associated with physiological responses at 

isotime. BIA %BF, BMI, BAI, and RFM all correlated positively with RPE (ρ 

ranging from 0.25 to 0.46, p < .05) and %HRmax (ρ = 0.33–0.65, p < .01). Beyond 

these common associations, several indices were linked with body uneasiness and 

affective responses. Specifically, BIA %BF was positively correlated with global 

severity, weight phobia, and body image concern, and negatively correlated with 

the Feeling Scale (ρ = –0.27, p < .05) and PACES scores (ρ = –0.25, p < .05). BAI 

 

4 WHR presented absence of prediction of objective %BF measure through Bioimpedance, so 

it was the only one excluded 

Adiposity 
• Perceived effort 

• Body Uneasiness 

• Affective response 
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showed positive correlations with body image concern and depersonalization, and 

a negative correlation with the Feeling Scale (ρ = –0.23, p < .05). RFM was 

positively associated with global severity, weight phobia, body image concern, 

exercise avoidance, and depersonalization, and negatively with the Feeling Scale (ρ 

= –0.25, p < .05) and PACES scores (ρ = –0.20, p < .10). By contrast, BMI did not 

show significant associations with body uneasiness or affective measures. No other 

significant correlations were observed. 

Linear regression analyses examined the influence of BIA %BF on various outcome 

variables, with R² values ranging from 0.110 to 0.398, indicating varying levels of 

explanatory power across the models. 

RPE (Rating of Perceived Exertion): BIA %BF showed a significant positive 

association, with the model explaining 23.4% of the variance. 

%HRmax: BIA %BF had a strong significant positive association with the model 

explaining 39.8% of the variance, the highest among these analyses. 

Global Severity (BUT): BIA %BF showed a significant positive association, but 

the model had low explanatory power (R² = 0.110). 

Depersonalization (BUT): BIA %BF exhibited a significant positive association, 

with the model explaining 15.5% of the variance. 

Image Body Concern (BUT): BIA %BF was significantly positively associated, 

explaining 12.4% of the variance. 
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Overall, BIA %BF consistently shows positive associations with the outcome 

variables, particularly strong with %HRmax and RPE, indicating its potential 

impact on these measures. However, the explanatory power of the models varied, 

with %HRmax standing out as the most robust. 

Step 2: Does Adiposity predict Physical Active Behaviour? 

 

Adiposity Variables: %BF; BMI; BAI; RFM. 

Active mobility Behaviour: GPAQ Transport; GPAQ Total Leisure; MVPA tot. 

Considering these variables, violations of statistical assumption were found (table 

10): 

Table 10 - Assumption check of Active Behaviour 

Variable Skewness SE (Skewness) Kurtosis SE (Kurtosis) Shapiro-Wilk (W) p-value 

GPAQ TRANSPORT 2.019 0.283 3.3462 0.559 0.642 < .001 

GPAQ TOTAL LEISURE 3.171 0.283 13.1569 0.559 0.676 < .001 

MVPA TOT 0.215 0.285 0.0751 0.563 0.981 0.355 

 

For GPAQ Transport, the skewness is 2.019, indicating strong positive skew, and 

the kurtosis is 3.3462, suggesting heavier tails. The Shapiro-Wilk test result is 0.642 

Adiposity Active mobility Behaviour 
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(p < 0.001), showing significant deviation from normality. For GPAQ Total 

Leisure, the skewness is 3.171, showing even stronger positive skew, and the 

kurtosis is 13.1569, indicating extreme peaks. The Shapiro-Wilk result is 0.676 (p 

< 0.001), also indicating non-normality. For MVPA Tot, the skewness is 0.215, 

nearly symmetric, and the kurtosis is 0.0751, close to normal. The Shapiro-Wilk 

result is 0.981 (p = 0.355), showing no significant deviation from normality. 

Hence visual observation of data in figs. 6 and 7. 

 

At the second step of the mediation analysis, It was observed a pronounced floor 

effect in outcome variables (particularly Transport Behaviour), reflected in a strong 

right skewness and substantial zero inflation. As a result, it became impossible to 

meet the assumptions required for standard parametric tests, making robust 

Figure 6 - GPAQ Transport distribution Figure 5 - GPAQ Total Leisure Time Distributions 
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nonparametric methods necessary to derive valid insights into participant 

behaviour. 

Accordingly, I proceeded with the alternative analytical approach. The Brunner-

Munzel test was used to assess the influence of Adiposity on commuting and PA. 

However, MVPA total activity appeared normal (Shapiro-Wilk W 0.981 p-value 

0.355), meaning the complete mediation model was possible only for that variable 

limiting to PA and not transport activity the magnitude of explanatory power. 

The mediation with only MVPA as outcome variable and independent variable 

Adiposity resulted in four linear regression. The examination of the relationship 

between adiposity indicators (BMI, BIA %BF, BAI, and RFM) and MVPA resulted 

in weak explanatory power, with R² values ranging from 0.003 to 0.056, indicating 

minimal variance in MVPA explained by the predictors. 

BMI: A small but statistically significant negative association with MVPA 

BIA %BF: No significant relationship with MVPA  

BAI: No significant association  

RFM: No significant relationship 

While BMI showed a weak negative effect on MVPA, the other adiposity variables 

(BIA %BF, BAI, and RFM) were not significantly associated, suggesting limited 

influence of these measures on MVPA in this analysis. 
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Step 3: Do Perceived Effort Correlates predict Physical Active Behaviour when 

controlled for Adiposity? 

 

 

Adiposity Variables: BMI. 

Mediators: RPE Isotime; %Hrmax Isotime; FS; PACES; Depersonalization; 

Weight Phobia; Image Concern; Global Severity; PA 

Outcomes: MVPA tot. 

BMI was negatively associated with MVPA TOT in models including 

depersonalization (estimate = −10.10, p = .029), weight phobia (estimate = −9.90, 

p = .031), image body concern (estimate = −10.30, p = .027), and global severity 

(estimate = −9.97, p = .030). Models including the Feeling Scale (estimate = 3.52, 

p = .744) and PACES (estimate = 0.83, p = .722) did not show significant effects, 

although BMI displayed a trend toward negative associations with MVPA TOT (FS 

model: estimate = −8.80, p = .057; PACES model: estimate = −8.84, p = .055). 

However, the psychological predictors themselves were not significant. In the 

models with physiological predictors  RPE (estimate = -4.71, p =  0.53) and 

%HRmax (estimate = -1.91, p =  0.41), BMI’s associations with MVPA TOT were 

weaker and non-significant (p > .05). Overall, BMI negatively influenced MVPA 

Adiposity 

+ 

PE/BUT/AR 

Active Behaviour 
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TOT more consistently in psychological models than in psychobiological ones, but 

the models explained minimal variance. 

These analyses showed consistently low explanatory power (R²=0.0619-0.0781), 

and none of the mediators reached statistical significance, which precluded 

proceeding with the fourth step of the mediation. 

 

4.3.1 Behavioural and Perceptual Differences by Adiposity Level 

Categories by adiposity were split dichotomously, following body density criteria 

(BMI categories) and novel %BF cutoffs (Potter et al., 2024). Brunnel-Munzel Test 

is used to provide analysis of variance. 

In table 11 are presented the descriptors: 

Table 11 - BMI 2 Category (split by gender) 

 

Gender Counts % of Total 

1 Normal Male 18 25.0% 

 

Female 20 27.8% 

2 Overweight Male 21 29.2% 

 

Female 13 18.1% 

 

In the division of the sample by BMI categories (Table 11) to dichotomize it 

(Normal>Overweight cutoff at 25 Kg/m^2) frequencies and percentages of 
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Figure 7 - BMI 2 Category (split by gender) 

 

individuals classified into two BMI categories (Normal and Overweight), broken 

down by gender. Among males, 25.0% (18 individuals) fall into the Normal 

category, while 29.2% (21 individuals) are classified as Overweight. For females, 

27.8% (20 individuals) are in the Normal category, and 18.1% (13 individuals) are 

Overweight as shown in figure 7. 

 

 

Table 12 -% Body Fat (split by gender) 

%BF 2 Categories Gender Counts % of Total 

1 Normal Male 30 41.7% 

 

Female 22 30.6% 

2 Overweight Male 9 12.5% 

 

Female 11 15.3% 



94 

 

The frequencies and percentages of individuals were classified into two %BF 

categories (Normal and Overweight), and categorized by gender (table 12). Among 

males, 41.7% (30 individuals) are classified as Normal, while 12.5% (9 individuals) 

are classified as Overweight. For females, 30.6% (22 individuals) are Normal, and 

15.3% (11 individuals) are Overweight (figure 8). 

 

Overall, the %BF classification tends to categorize more individuals (especially 

males) as Normal category and fewer Overweight compared to BMI. 

Then was possible to test on hypothesised mediators with the Brunnel-Munzel test, 

which reveals significant differences between the Normal and Overweight groups 

for two metrics: RPE isotime (p = 0.026) and %HRmax isotime (p = 0.004), 

indicating a tendency for the Overweight group to have higher values (table 13). 

Figure 8 - % Body Fat (split by gender) 
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Table 13 - Brunner-Munzel Test Results (BMI Cutoffs)5 

Variable Statistic df p-value Relative Effect  

RPE isotime 2.2715 69.3 0.026 0.647 

%HRmax isotime 2.9728 68.9 0.004 0.687 

BUT Global Severity −0.0654 55.8 0.948 0.495 

BUT Weight Phobia −0.0433 51.7 0.966 0.497 

BUT Image Body 

Concern 

0.3841 60.4 0.702 0.527 

BUT Exercise 

Avoidance 

0.0917 60.9 0.927 0.506 

BUT Compulsive 

Self-Monitoring 

−1.5051 65.0 0.137 0.398 

BUT 

Depersonalization 

0.8360 69.9 0.406 0.557 

For all other metrics, including the Global Severity and all subscales of the Body 

Uneasiness Test (Weight Phobia, Image Body Concern, Exercise Avoidance, 

Compulsive Self-Monitoring, and Depersonalization), the differences are not 

statistically significant (all p > 0.05), with derived probabilities near 0.5, suggesting 

no meaningful distinction between the groups. 

 

 

5 Note: testing for Hₐ P̂(1 Normal < 2 Overweight) + ½P̂(1 Normal = 2 Overweight) ≠ ½ 
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Table 14 - Brunner-Munzel Test Results (%BF Cutoffs) 6 

Variable Statistic df p-value Relative Effect 

RPE isotime 2.423 31.1 0.021 0.675 

%HRmax isotime 4.375 45.5 < .001 0.757 

BUT Global Severity 1.115 23.3 0.276 0.598 

BUT Weight Phobia 1.219 24.2 0.235 0.604 

BUT Image Body Concern 1.563 23.0 0.132 0.634 

BUT Exercise Avoidance 1.067 23.7 0.297 0.589 

BUT Compulsive Self-Monitoring −0.700 31.6 0.489 0.445 

BUT Depersonalization 2.061 33.7 0.047 0.650 

The Brunner-Munzel test in table 14 illustrates statistically significant differences 

between the Normal and Overweight groups for three metrics: 

1. RPE isotime (p = 0.021) with a derived probability of 0.675, showing a 

tendency for the Overweight group to have higher values. 

2. %HRmax isotime (p < 0.001) with a derived probability of 0.757, 

indicating a strong tendency for higher values in the Overweight group 

(figure 9). 

 

6 Note: testing for Hₐ P̂(1 Normal < 2 Overweight) + ½P̂(1 Normal = 2 Overweight) ≠ ½ 
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3. BUT Depersonalization (p = 0.047) with a derived probability of 0.650, 

suggesting higher values for the Overweight group. 

For all other metrics, including BUT Global Severity, BUT Weight Phobia, BUT 

Image Body Concern, BUT Exercise Avoidance, and BUT Compulsive Self-

Monitoring, the results were not statistically significant (all p > 0.05), with derived 

probabilities near 0.5, suggesting no meaningful differences between the groups. 

 

In summary, significant differences are observed in physiological measures (RPE 

isotime and %HRmax isotime) and one psychological measure (BUT 

Depersonalization), while other psychological and behavioural measures do not 

show significant group differences. Then, I am able to test dependent variable: 

Dependent variables: GPAQ Transport; GPAQ Total Leisure; MVPA tot. 

Figure 9 - Variance B-M on %Hrmax (left) and RPE (right) 
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Figure 10 - Brunner-Munzel Test Results (BMI Cutoffs)7 

Variable Statistic df p-value Relative Effect 

GPAQ TRANSPORT −1.94 67.9 0.028 0.385 

GPAQ TOTAL LEISURE −2.44 69.2 0.009 0.342 

MVPA TOT −1.93 67.7 0.029 0.372 

 

Figure 11 - Brunner-Munzel Test Results (%BF Cutoffs) 8 

Variable Statistic df p-value Relative Effect 

GPAQ TRANSPORT −1.50 55.0 0.070 0.410 

GPAQ TOTAL LEISURE −2.67 64.5 0.005 0.331 

MVPA TOT −1.44 36.7 0.079 0.392 

 

The Brunner-Munzel test compared GPAQ Transport, GPAQ Total Leisure, and 

MVPA TOT under the cutoffs provided by BMI between Normal and Overweight 

groups. Significant differences were found for all three measures: GPAQ Transport 

(p = 0.028), GPAQ Total Leisure (p = 0.009), and MVPA TOT (p = 0.029). In each 

case, Overweight individuals tended to have higher PA scores compared to those in 

 

7 Note: testing for Hₐ P̂(1 Normal < 2 Overweight) + ½P̂(1 Normal = 2 Overweight) < ½ 
8 Note: testing for Hₐ P̂(1 Normal < 2 Overweight) + ½P̂(1 Normal = 2 Overweight) < ½ 
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the Normal group. This highlights a consistent trend of greater activity levels among 

Normal BMI individuals across all measures. 

In testing under %BF cutoffs GPAQ Transport (p = 0.070) and MVPA TOT (p = 

0.079), the results were not statistically significant, indicating no clear differences 

between the groups. However, for GPAQ Total Leisure, the test statistic (−2.67, p 

= 0.005) showed a significant difference, with Normal individuals tending to have 

higher leisure-related PA scores than those in Overweight The group. 

Overall, when dividing by %BF, while there is a tendency for higher PA scores 

among overweight individuals, this is only statistically supported for the total 

leisure time GPAQ. 

4.3.2 Environmental data 

Certain variables of the environment prove to significantly differentiate outcome 

variables used in the framework. Relevant ones are listed as follows: 

Access to park significantly differentiates groups that have higher GPAQ Transport, 

and GPAQ Tot leisure. 

Access to sidewalks is significant also with Transport, less impactful on Leisure 

time, but significant on evidencing difference in BMI and %BF groups. 

Access to bikeways find differences in groups in the physiological variables of 

%BF, BMI and RPE, where people that have access to them tend to have 

significantly higher values in all three. Also, despite being non-significant, the 
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access group shows a tendency to have also higher PA levels in transport and 

leisure. 

4.3.3 Socio-economic data 

Income does not produce significant different groups, and for Level of education 

these are not enough observation to produce an analysis. 

Motor vehicle possession Who possesses at least a motorized vehicle significantly 

engage in more Leisure time and had Lower PE during the Physical test. 

Active Vehicle possession on the other hand, possessing an active vehicle is not 

significantly related to any variable. 

Smoker and Ex-Smoker Groups of smokers and ex-smokers do now show any 

difference in the variables of this study. 

Previous sport history Groups of people who participate at the moment in sport 

activities spend significantly more time in Leisure and had a moderately significant 

decreased RPE (p 0.017) and %Hrmax (p 0.023) in the Physical test.  
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4.4 Discussion 

4.4.1 Overview 

As presented before, obesity is a condition in which the excessive adiposity plays a 

significant individual, social and economic burden in Italy, in Europe and 

worldwide (Boutari & Mantzoros, 2022; P. Ekkekakis et al., 2016). Traditionally, 

the strong correlation between PA levels and adiposity has only led attention to the 

negative effect of physical inactivity in caloric balance that, in the long term, leads 

to increased adiposity. However, recent longitudinal studies (Sagelv et al., 2021) 

observed a causal relationship between high adiposity and physical inactivity, that 

was before only supposed (Ekelund et al., 2008), suggesting the existence of a 

causality opposed to the classical approach, that could explain the avoidance of PA 

in presence of higher adiposity. This study aims to elucidate why individuals with 

high adiposity often engage in lower levels of PA, despite clinical recommendations 

to be more active. 

Theoretical Framework and hypothesis 

This work is supported by three main theoretical pillars: The (1) PASTA 

Framework of Active Mobility, which presents the context within causal factor are 

sought; the (2) Psychobiological Model of Endurance Performance, a model born 

to explain self-paced conscious regulation and decision-making, that provides the 

psychological and physiological basis for the reverse causal relationship, 

postulating PE as central to the decision-making process ; and the (3) Law of 

Indirect Effect, that describes that behavioural changes are never a direct effect 
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from the environment, but instead are a consequence of a change in perception of 

the subject that then acts accordingly. 

This prior research suggests that negative ARs of which perceived exertion, and 

motivational factors (in the context of potential motivation of Brehm (Brehm & 

Self, 1989) are particularly relevant. 

Building on these insights, the study tests three main hypotheses: 

 

1. Exertion, and Displeasure Pathway 

Individuals with high adiposity experience heightened fatigue, 

perceive greater exertion, and report more displeasure during PA, 

leading to reduced participation. 

2. Extrinsic Motivation Pathway 

High adiposity is associated with a stronger focus on extrinsic goals 

(e.g., weight loss), which may undermine sustained engagement in 

PA. 

3. Body Uneasiness Pathway 

High adiposity is linked to increased body uneasiness, acting as a 

deterrent to regular activity. 

4. Affective value 

Low affective value may determine a low participation in PA 

behaviour when choice is presented  
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By examining these mediating factors, the study aims to explore an innovative view 

and clearer explanation of how high adiposity contributes to low PA levels and to 

guide the development of more effective intervention strategies. 

 

Main results 

Categories of BMI were able to find significant differences between groups that 

perform PA. Normal-weight individuals spent more time in active commuting, 

leisure and moderate-to-vigorous Activities during a normal week. 

By creating Normal weight and overweight groups through bioelectrical impedance 

analysis (leg-to-leg) to measure percent body fat (%BF) and BMI normative 

cutoffs, individuals classified as “overweight” exhibit significantly higher ratings 

of perceived effort (RPE), higher heart rates at the same submaximal intensity, and 

lower cardiorespiratory fitness (VO₂max) compared to those in the normal both 

%BF and BMI group. 

Linear regression analysis robustly demonstrated that BMI and %BF, when 

considered independently, are significant predictors of RPE, %HRmax, and 

Uneasiness. However, FS, PACES, Global Severity, and all other subscales, these 

predictors exhibited relatively low explanatory power, as indicated by small R² 

values. 

Psychobiological mediators emerged as more effective in explaining the observed 

relationships compared to other mediators across all analyses, with one notable 
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exception. Specifically, in the third step of mediation analysis, when BMI was used 

alongside psychobiological mediators as covariates, and the model’s explanatory 

power decreased. In contrast, models incorporating psychological Body Uneasiness 

mediators slightly enhanced the significance and R² of BMI as a predictor of 

Accelerometric MVPA. 

Sample’s BMI distribution was similar to the Italian’s national (Di Renzo et al., 

2022). The proportion of individuals classified as normal weight is 50.0%, which 

is consistent with the approximately 50% observed in the Italian population. 

Similarly, the percentage of individuals in the underweight category is 2.8%, which 

corresponds to the small percentage reported nationally. The proportion of 

overweight individuals in the sample is 37.5%, slightly higher than the 35% 

reported for the general population. Conversely, the combined proportion of 

individuals in the obese categories (Obese I and Obese II) in the sample is 9.7%, 

which is marginally lower than the 11.8% observed in the national distribution. 

Overall, the sample appears to represent the BMI distribution of the Italian 

population reasonably well, with minor deviations in the overweight and obese 

categories. 

Adiposity indexes were in line with objective %BF via bio impedance, scoring 

Pearson’s r from 0.629 to 0.906, all with a p-value under <.001. However, the 

relationship between BIA %BF and WHR (Waist-to-Hip Ratio) is weak and not 

statistically significant (r = 0.095, p = 0.428). These findings suggest that BIA %BF 
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is closely aligned with measures that assess body fat percentage (BAI and RFM) 

but has minimal association with WHR, which primarily reflects body shape rather 

than fat percentage, confirming observation of other studies (Suchanek et al., 2012) 

on the matter. 

The Global Physical Activity Questionnaire (GPAQ) is widely used to assess PA, 

but its reliability and validity vary across populations and contexts. While the 

GPAQ showed moderate reliability for individuals with stable work patterns, it 

performs poorly for those with variable PA (Au et al., 2010). In the case of the 

search of the population with higher weight it demonstrated to produce more data. 

Normative values are broadly similar to those observed in this sample, although 

some differences are evident. Sedentary time in this sample was measured at 55.9 

± 23.2 hours per week, compared to the reference value of 51.5 ± 24.5 hours per 

week reported by Wanner et al. (Wanner et al., 2017). The total PA score was 4163 

± 5148 MET-minutes per week in this sample, compared to the normative value of 

4197 ± 4583.6 MET-minutes per week. While mean values are comparable, the 

differences are more pronounced in the standard deviations, particularly in the total 

activity score. 
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4.4.2 Conclusions 

Although Baron & Kenny mediation was not adequate for this data, results show 

promising initial findings, which represent a starting point for broader applications. 

 This work, hopefully, lays the foundation for applying the psychobiological model 

to a deeper understanding of the general population's behaviour. The theoretical 

framework developed for this research opens a variety of possibilities for 

investigating other phenomena related to adherence to PA, motivation, and 

behavioural change. Moreover, leveraging these theoretical frameworks provides 

more opportunities and cues for other researchers, enabling Sports Science 

researchers to formulate innovative insights and significant contributions to the 

field. 

The findings also highlight the complexity of external influences on active mobility 

(AM). As illustrated by the Götschi and Gericke model, the influence of 

psychophysiological variables accounts for only a limited portion of behavioural 

choices, and a limited part of the population. With few exceptions, it is not the 

environment that adapts to human behavior, but rather human behavior that adapts 

to the environment, especially when acting alone. In diverse and heterogeneous 

samples, contextual factors represent substantial sources of variability, and 

addressing this noise requires the application of appropriate tools, which in this field 

remain generally expensive or underdeveloped. 
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An example of tool issue, the floor effect observed in the Transport GPAQ variable 

reflects limitations in the instrument itself, as the measure is insensitive to 

commuting episodes perceived as shorter than 10 minutes. This methodological 

issue resulted in a zero-inflation that complicates interpretation. On the other hand, 

while the sample size was sufficient for general statistical analyses, it was too 

limited for testing the specific hypotheses advanced in this study, particularly when 

compared to large-scale population studies that more effectively capture 

behavioural trends. 

In conclusion, the value of this work is represented not only in its support for the 

primary hypothesis, but mainly also in its contribution to framing a research agenda 

that connects psychobiological mechanisms with everyday patterns of physical 

activity. I genuinely hope that subsequent studies will translate this knowledge into 

targeted, practical interventions that promote active lifestyles and, ultimately, 

improve population health and well-being on a global scale. 

4.4.3 Limitations of the research 

- Gender and Age strongly influenced body composition and some 

exercise/psychological responses, but not overall fatigue, activity 

levels, or exercise enjoyment. These variables should be used as 

covariates in large samples. 

- Reviews and studies on PA behaviour face an intrinsic issue. The two 

fields investigate variables that have different ecological issues. AM is 
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an inherently ecological field, outcomes can only be observed in real-

world context and cannot be reproduced or simulated in a laboratory. 

On the other hand, psychophysiological factors can be, and usually are, 

more easily tested in laboratory environment. This discrepancy poses 

clear limitations for experimental manipulation. 

- The relatively small sample size limited the maximal statistical power 

of the analyses. Additional information was lost in the Brunner-Munzel 

test because variables had to be grouped to address heteroscedasticity. 

Furthermore, the use of Spearman’s correlation while appropriate for 

data that violated normal distribution assumptions further reduced 

power due to its reliance on ranked data. These factors should be taken 

into account when interpreting the results. 

- The GPAQ data on active transport exhibits a significant floor effect, 

which has not been adequately addressed in previous validation or 

reliability studies (Meh et al., 2023; Wanner et al., 2017) (Meh et al., 

2023; Wanner et al., 2017). This study highlights a pronounced 

heteroscedasticity in GPAQ data, which means that could be present an 

underemphasis in prior research. Typically, researchers resort to non-

parametric ranked methods like Spearman’s Rho; however, in this case, 

even the assumption of monotonicity was violated. 
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- Mediation analysis relies on the assumption of data homogeneity, yet 

the GPAQ variables for total leisure time and transport behaviour show 

considerable skewness, and this study was no exception. While the 

GPAQ is widely used to assess PA levels, in this study has shown poor 

performance in samples with high variability in PA (Au et al., 2010). 

- Because the sample was not limited to a specific age group, city, 

neighborhood, or company, it included a wide range of influences. 

These overlapping influences acted on the potential mediators and 

restricted the ability to test the hypothesis. 

- Collecting data on home–work distance would have helped identify the 

distance at which participants stopped attending AC. However, in this 

specific population, many individuals worked in multiple locations, 

worked from home, or held jobs such as janitors or bricklayers that 

required the use of a car or truck. These factors made home–work 

distance less meaningful and often eliminated the possibility of AC 

altogether, limiting the investigation power of this methodology. 

- This thesis used a causal-comparative, cross-sectional design to test 

hypotheses that are not usually examined together. While this approach 

allowed for an innovative exploration of psychophysiological variables 

in relation to objective parameters, unlike longitudinal designs it is 
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limited to a single time point and cannot capture behavioural changes 

over time. 

4.4.4 Future directions and perspectives 

Isolating AM for wearable sensors 

For further research, I would suggest to consider exploring innovative and diverse 

methods to assess AM, employing not only classical non-invasive technologies 

such as accelerometry and pedometers but also integrating modern data collection 

tools like smartphone-based apps or GPS tracking devices. An easy and feasible 

approach could involve defining the working time frames of individual subjects, 

and if of routine, sport schedules.  Additional movements outside these predefined 

periods could then be automatically categorized as AM, offering a simple yet 

practical method for the spread issue of differentiating AM from AC in cross-

sectional studies with similar design. 

Age and RPE 

Age was not a primary focus of this thesis and therefore was not specifically 

investigated, as the analyses prioritized other hypotheses. However, the 

organization of the database made it possible to observe a significant relationship 

between age and RPE. This finding was not entirely unexpected, as previous 

research has shown that maximal performance decreases with age, which is 

associated with higher RPE in demanding tasks (Allman & Rice, 2003; Bardin et 

al., 2023). In contrast, when considering low-intensity tasks, the literature presents 
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mixed results. Some highly cited studies report no relationship between age and 

RPE at lower intensities (Groslambert & Mahon, 2006; Scherr et al., 2013) although 

this specific case does not appear to have been extensively tested. 

Because this assumption was beyond the scope of the present work, it was not 

examined further. Nevertheless, age is known to influence fatigability and, 

consequently, both RPE and affective response. Future studies could therefore 

benefit from monitoring a specific age group, while controlling for fitness level, to 

better isolate the influence of age on RPE. 

Distribution of psychometric data 

Since the problem of abnormal data in psychological variables is not new (Blanca 

et al., 2013; Eysenck, 1958; Sawada, 2021), approaches such as Censored 

Regression (Tobit), Zero-Inflated Models, and Bayesian Analysis could be 

investigated to be validated and used in this kind of analysis.  

The relationship that PE, Behavioural Perceived Control, and Body Uneasiness 

could be investigated in specific studies assess both the extent of their mediation 

and the interaction. 

Home-workplace distance 

Next studies could apply deeper the Psychobiological Model using the other 

cognitive/motivational factors, such as potential motivation, prior knowledge about 

the Distance/time to cover, and previous experience of effort during the commuting. 
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Considering the low-intensity intrinsic nature of commuting trips, knowledge of 

remaining time/distance is not a variable that reasonably influences the ability to 

complete the task. 

A very practical method to solve the environment influence issue in an ecological 

context, could be to recruit participants in already AC friendly companies. This 

would guarantee to have a large spectrum of people that performed this kind of 

physical activity, and would help to overcome the issue of being forced to use 

dichotomous categories. 

RPE manipulation 

This study had the aim to initially cross-sectionally investigate the influence of 

perception of effort in a wide and extremely ecological environment, which poses 

many issues about scientific repeatability. It is one of the first studies that tried, with 

its limitations, to observe the causal link between physiological parameters and 

psychometric parameters. After this first explorative approach, the next step would 

be to consolidate the causal variables, and then proceed with manipulation of the 

mediating variables. Manipulation of RPE have different paths, that include 

pharmacological (for example, caffeine) to observe acute change in behaviour 

towards PE and AM. 
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Appendix 
 

Figure 12 - Legend of the PASTA Framework 
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Figure 13 - Complete PASTA Framework by (Gerike et al., 2016) 
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Siconolfi’s Step test Formulas 

Steady-state absolute VO₂ 

For each stage, absolute oxygen uptake (VO₂, L/min) was estimated as a function 

of body weight (kg): 

Stage 1)  

Stage 1:  𝑉𝑂2 (𝐿/𝑚𝑖𝑛)  =  
(16.287 𝑥 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔)

1000
 

Stage 2:  𝑉𝑂2 (𝐿/𝑚𝑖𝑛)  =  
(24.910 𝑥 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔)

1000
 

Stage 3:  𝑉𝑂2 (𝐿/𝑚𝑖𝑛)  =  
(33.533𝑥 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔)

1000
 

 

Uncorrected VO₂max 

Uncorrected VO₂max was then estimated as: 

𝑈𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑉𝑂2𝑚𝑎𝑥 =  
𝑉𝑂2𝑠𝑡𝑎𝑔𝑒

𝑉𝑂2 max %
 

Where VO₂max% is calculated as: 

(0.769 𝑥 𝐹𝐶𝑠𝑡𝑎𝑔𝑒) −  48.5  (𝑚𝑒𝑛) 

(0.667 𝑥 𝐹𝐶𝑠𝑡𝑎𝑔𝑒)  −  42 (𝑤𝑜𝑚𝑒𝑛) 
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Sex- and age-corrected VO₂max 

The last equations adjust for age and sex: 

VO₂max (L/min) = (0.348 x uncorrected VO₂max) - (0.035 x age in years) + 3.011 (men) 

VO₂max (L/min) = (0.302 x uncorrected VO₂max) - (0.019 x age in years) + 1.593 (women) 

 

Table 15 - Anthropometric measure and composition of the sample 

Variable Mean Median SD Minimum Maximum Skewness 

Age 32.00 28.00 9.3643 18 55 0.816 

Height 1.70 1.70 0.0799 1.54 1.85 −0.105 

Weight 72.92 72.00 12.4254 51.00 120.90 0.829 

BIA %BF 25.06 24.25 8.6030 8.00 42.70 0.312 

 

 

Table 16 - Adiposity indexes 

Variable Pearson’s r p-value 

BAI 0.787 < .001 

BMI 0.629 < .001 

RFM 0.906 < .001 

WHR 0.095 0.428 
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RPE isotime
%HR max 

isotime
EBBS Physical 

Exertion
BUT Global 

Severity
BUT Weight 

Phobia
BUT Image 

Body Concern
BUT Exercise 

avoidance

BUT 
Compulsive 

self-
monitoring

BUT 
Depersonalizat

ion
FS PACES Total

Spearman's 
rho

0.4613*** 0.6152*** -0.0891 0.2551* 0.2363* 0.2857* 0.1987 0.0413 0.3543** -0.2697* -0.2491*

p-value <.001 <.001 0.457 0.031 0.046 0.015 0.094 0.731 0.002 0.022 0.035

Spearman's 
rho

0.2546* 0.3285** -0.0317 0.0304 0.0504 0.1028 -0.0396 -0.1483 0.1275 -0.1539 -0.0376

p-value 0.031 0.005 0.791 0.800 0.674 0.390 0.741 0.214 0.286 0.197 0.754

Spearman's 
rho

0.4081*** 0.5895*** 0.0734 0.1515 0.1425 0.2430* -0.0023 -0.0673 0.2785* -0.2337* -0.1977

p-value <.001 <.001 0.540 0.204 0.233 0.040 0.985 0.574 0.018 0.048 0.096

Spearman's 
rho

0.4542*** 0.6506*** -0.0385 0.3134** 0.2795* 0.3321** 0.2661* 0.1189 0.3418** -0.2536* -0.1971

p-value <.001 <.001 0.748 0.007 0.017 0.004 0.024 0.320 0.003 0.032 0.097

BIA %BF

BMI

BAI

RFM

Note.  * p < .05, ** p < .01, *** p < .001

Correlation Matrix

Table 17 - Adiposity indexes and potential mediators correlation 



Global Physical Activity Questionnaire (GPAQ version 2) 
Attività fisica 
Nelle prossime domande si indaga quanto tempo, in una settimana normale, dedica a diverse attività fi 
siche. Le chiederò quanto tempo dedica a diversi tipi di attività fisica in una settimana tipo. La prego di 
rispondere a queste domande anche se non ritiene di essere una persona fisicamente attiva. Pensi 
innanzitutto al tempo che passa a lavorare. Includa tutti i compiti che deve svolgere, lavoro retribuito e 
non retribuito, studio/ apprendimento, compiti domestici e giardino. 
Leggere questa dichiarazione di apertura ad alta voce. Non deve essere omessa. L'intervistato dovrà 
pensare prima al tempo che trascorre svolgendo un'attività lavorativa (lavoro retribuito o non 
retribuito, faccende domestiche, raccolta di cibo, pesca o caccia per il cibo, ricerca di un'occupazione 
[Inserire altri esempi se necessario]), poi al tempo che trascorre spostandosi da un luogo all'altro e 
infine al tempo trascorso in attività fisiche vigorose e moderate durante il tempo libero.  Ricordare 
all'intervistato, quando risponde alle domande seguenti, che le "attività di intensità vigorosa" sono 
attività che richiedono uno sforzo fisico intenso e provocano un forte aumento della respirazione o della 
frequenza cardiaca, mentre le "attività di intensità moderata" sono attività che richiedono uno sforzo 
fisico moderato e provocano un piccolo aumento della respirazione o della frequenza cardiaca. Non 
dimenticate di utilizzare la scheda che aiuterà l'intervistato a rispondere alle domande. 
 
Domande Risposta Codice 
Attività sul luogo di lavoro 

1 

 
Il suo lavoro prevede intensa attività 
fisica durante la quale aumentano 
notevolmente la respirazione e il battito 
cardiaco, come trasportare o sollevare 
carichi pesanti, scavare o eseguire lavori 
edili, oppure svolgere attività sportiva 
aerobica per almeno dieci minuti? (USARE 
LA SCHEDA ESPLICATIVA) 
Chiedere al partecipante di pensare solo alle 
attività di intensità vigorosa sul lavoro.  Le 
attività sono considerate di intensità 
vigorosa se provocano un forte aumento 
della respirazione e/o della frequenza 
cardiaca. 
  

 
            
            Sì   1 
 
 
 

      No   2   Passare alla domanda P4 
 P1 

2 

 
Quanti giorni di una settimana normale 
svolge intensa attività fisica al lavoro? 
Per "settimana normale" si intende una 
settimana tipica in cui il partecipante è 
impegnato nelle sue attività abituali. Le 
risposte valide vanno da 1 a 7. 
 
 

          Numero di giorni └─┘ P2 

 
 

      
 

 
 

 Nome e Cognome: ______________________



 
 

3 

Quanto tempo trascorre compiendo 
intensa attività fisica in una normale 
giornata lavorativa? 
Chiedere al partecipante di pensare a 
una normale giornata lavorativa che può 
ricordare facilmente in cui si è impegnato 
in attività di intensità elevata sul lavoro. 
Il partecipante deve considerare solo le 
attività svolte ininterrottamente per 10 
minuti o più. Sollecitare le risposte molto 
alte (oltre 4 ore) per verificare la 
comprensione corretta. 
 

 
 
 
      Ore: Minuti └─┴─┘ : └─┴─┘ 

                      Ore        Minuti 

 
 
 

P3 (a – 
b) 

4 

 
Il suo lavoro prevede attività fisica 
moderata durante la quale aumentano 
leggermente la respirazione e il battito 
cardiaco, come un’andatura rapida, 
trasportare carichi leggeri, fare le pulizie 
(spazzare, passare lo straccio, aspirare, 
stirare) oppure battere e spazzolare i 
tappeti per almeno dieci minuti? (USARE 
LA SCHEDA ESPLICATIVA). 
Chiedere al partecipante di pensare solo 
ad attività di intensità moderata sul 
lavoro.  Le attività sono considerate di 
intensità moderata se causano piccoli 
aumenti della respirazione e/o della 
frequenza cardiaca. 
 

 
       
 
 
     
           Sì   1 
            
 
 
 
           No   2   Passare alla domanda P7 
 

P4 

5 

 
Quanti giorni di una settimana normale 
svolge attività fisica moderata al lavoro? 
Per "settimana normale” si intende una 
settimana in cui il partecipante è 
impegnato nelle sue attività abituali. Le 
risposte valide vanno da 1 a 7. 
 

           Numero di giorni └─┘ P5 

6 

 
Quanto tempo trascorre compiendo 
moderata attività fisica in una normale 
giornata lavorativa? 
Chiedere al partecipante di pensare a 
una normale giornata lavorativa che può 
ricordare facilmente in cui si è impegnato 
in attività di moderata intensità sul 
lavoro. Il partecipante deve considerare 
solo le attività svolte ininterrottamente 

           Ore: Minuti └─┴─┘ : └─┴─┘ 
                        Ore        Minuti 

P6 (a – 
b) 



per 10 minuti o più. Sollecitare le risposte 
molto alte (oltre 4 ore) per verificare. 
 

Spostamenti da un posto all’altro 
La prossima domanda esclude l'attività fisica sul luogo di lavoro che ha già menzionato 
precedentemente. 
Ora le chiederei come si sposta in genere da un posto all'altro. Per esempio, per andare al lavoro, a fare 
la spesa, al luogo di culto, in palestra. 
La frase introduttiva alle seguenti domande sull'attività fisica legata ai trasporti è molto importante. 
Chiede e aiuta il partecipante a pensare a come si sposta da un luogo all'altro. Questa frase non 
dovrebbe essere omessa. 

7 
Si sposta da un posto all’altro a piedi o 
in bicicletta per almeno dieci minuti? 
Selezionare la risposta appropriata. 

             
            Sì   1 
 

       No   2   Passare alla domanda P10 
 

P7 

8 

 
Quanti giorni di una settimana normale 
va a piedi o in bicicletta per almeno dieci 
minuti per spostarsi da un posto 
all’altro? 
Selezionare la risposta appropriata. 
 

         Numero di giorni └─┘ P8 

9 

 
Quanto tempo investe in una giornata 
normale per spostarsi a piedi o in 
bicicletta da un posto all’altro? 
Chiedere al partecipante di pensare a 
una giornata normale che può ricordare 
facilmente in cui ha svolto attività legate 
ai trasporti. Il partecipante deve 
considerare solo le attività svolte in 
modo continuativo per 10 minuti o più.  
Sollecitare le risposte molto alte (oltre 4 
ore) per verificare. 
 

         Ore: Minuti └─┴─┘ : └─┴─┘ 
                     Ore        Minuti 

P9 (a – 
b) 

Attività nel tempo libero 
La prossima domanda esclude l'attività fisica sul luogo di lavoro e gli spostamenti da un posto all'altro 
che ha già menzionato precedentemente. Ora le chiederei che sport fa, se fa fitness e quali attività 
svolge nel tempo libero. 
Questa frase introduttiva indirizza il partecipante a pensare alle attività ricreative. Questo può essere 
chiamato anche tempo discrezionale o tempo libero. Include lo sport e l'esercizio fisico, ma non si limita 
alla partecipazione a competizioni. Le attività riportate dovrebbero essere svolte regolarmente e non 
solo occasionalmente. È importante concentrarsi solo sulle attività ricreative e non includere le attività 
già menzionate. Questa dichiarazione non deve essere omessa. 
 



10 

 
Nel tempo libero pratica intensa 
attività fisica o sport con forte 
accelerazione della respirazione o del 
battito cardiaco, come correre, giocare 
a calcio, tennis, oppure svolge attività 
aerobica ad alto impatto per almeno 
dieci minuti? (USARE LA SCHEDA 
ESPLICATIVA) 
Chiedere al partecipante di pensare 
solo ad attività ricreative di intensità 
vigorosa. Le attività sono considerate di 
intensità vigorosa se provocano un 
forte aumento della respirazione e/o 
della frequenza cardiaca. 
 

 
            
             Sì   1 
 
 
 

         No   2   Passare alla domanda P13 

P10 

11 

 
In una settimana normale, quanti giorni  
pratica intensa attività fisica o sport nel 
tempo libero? 
Per "settimana normale" si intende una 
settimana in cui il partecipante è 
impegnato nelle sue attività abituali. Le 
risposte valide vanno da 1 a 7. 
 

          Numero di giorni └─┘ P11 

12 

 
Quanto tempo investe in intensa 
attività fisica o sport in una normale 
giornata di tempo libero? 
Chiedere al partecipante di pensare a 
una giornata tipica che può ricordare 
facilmente in cui si è impegnato in 
attività ricreative di intensità elevata. Il 
partecipante deve considerare solo le 
attività svolte in modo continuativo per 
10 minuti o più. 
re. Sollecitare le risposte molto alte 
(oltre 4 ore) per verificare. 
 

          Ore: Minuti └─┴─┘ : └─┴─┘ 
                       Ore        Minuti 

P12 (a 
– b) 

 

 

 

 

 

 



Attività fisica (attività nel tempo libero) continua 
Domande 

13 

 
 
 
Nel tempo libero pratica attività fisica 
moderata o sport con leggera 
accelerazione della respirazione o del 
battito cardiaco, come un’andatura 
sostenuta o andare in bicicletta, 
nuotare o giocare a pallavolo, fare 
danza o pilates per almeno dieci 
minuti? (USARE LA SCHEDA ESPLICATIVA) 
. 
Chiedere al partecipante di pensare 
solo ad attività ricreative di intensità 
moderata. Le attività sono considerate 
di intensità moderata se causano 
piccoli aumenti della respirazione e/o 
della frequenza cardiaca. 
 
  

 
            
            Sì   1 
 
 
 
 

        No   2   Passare alla domanda P16 
 

P13 

14 

 
Quanti giorni di una settimana normale 
pratica attività fisica moderata o sport 
nel tempo libero? 
 
Per "settimana normale" si intende una 
settimana in cui il partecipante è 
impegnato nelle sue attività abituali. Le 
risposte valide vanno da 1 a 7. 
 

           Numero di giorni └─┘ P14 

15 

 
Quanto tempo investe in attività fisica 
moderata o sport in una normale 
giornata di tempo libero? 
 
Chiedere al partecipante di pensare a 
una giornata tipica che può ricordare 
facilmente in cui si è impegnato in 
attività ricreative di intensità 
moderata. Il partecipante deve 
considerare solo le attività svolte in 
modo continuativo per 10 minuti o più. 
Sollecitare le risposte molto alte (oltre 
4 ore) per verificare. 
 
 

           Ore: Minuti └─┴─┘ : └─┴─┘ 
                         Ore        Minuti 

P15 (a 
– b) 



Comportamento sedentario 
La prossima domanda riguarda lo stare seduti al lavoro, a casa, quando ci si sposta da un posto all'altro, 
e quando si passa del tempo con gli amici, per esempio stando seduti alla scrivania, in macchina, sul 
pullman, a leggere, giocare a carte, guardare la televisione o il computer, ma non riguarda il tempo in 
cui si dorme.  

16 

 
Quanto tempo trascorre seduto o a 
riposo in una giornata normale? 
Chiedere al partecipante di 
considerare il tempo totale trascorso 
seduto al lavoro, in ufficio, leggendo, 
guardando la televisione, usando il 
computer, facendo lavori manuali 
come la maglia, riposando, ecc. Il 
partecipante non deve includere il 
tempo trascorso a dormire 
 

 
 
 
 

 
Ore: Minuti └─┴─┘ : └─┴─┘ 

                                       Ore        Minuti 
P16 (a 

– b) 
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Informazioni Personali

Informazioni Generali
Domanda Risposta

Nome

Cognome

Numero di telefono

Genere
Maschio

Femmina

In questa sezione Le verranno poste delle domande riguardanti lo status

socioeconomico personale (quadro economico generale):

Status Socio-economico
Domanda Risposta

Qual è il livello di istruzione più alto che ha
conseguito?

Non ho mai frequentato la scuola

Diploma di scuola primaria

Diploma di scuola media

Diploma di scuola superiore

Laurea triennale

Laurea magistrale

Dottorato di ricerca

Altro _________________________



Qual è il suo stato civile?

Mai sposato/a

Attualmente sposato/a

Separato/a

Divorziato/a

Vedovo/a

Convivente/a

Altro

Il suo reddito familiare annuo, da tutte le fonti, è..

0 – 15,000 €

15,001 – 28,000 €

28,001 – 50,000 €

50,001 – Oltre €

Il nucleo familiare possiede:
(Per ciascuna riga, se si possiede il mezzo di
trasporto in questione, indicare il numero di mezzi
posseduti)

Mezzo No Si Numero

Bicicletta

Monopattino

Motocicletta/
Scooter

Automobile

Altro __________

Altro __________

Come valuterebbe la sua salute fisica?

Buona

Accettabile

Non così buona

Scarsa



Come valuterebbe la sua salute in generale?

Eccellente

Buona

Soddisfacente

Scarsa

Pessima

Ha fumato almeno 100 sigarette in tutta la sua
vita?

Sì

No

Ha fumato almeno una sigaretta nelle ultime due
settimane?

Sì

No

Negli ultimi 30 giorni, quanti giorni ha bevuto
almeno un bicchiere di una bevanda alcolica come
birra, vino, o liquori?

└─┴─┘ giorni negli ultimi 30 giorni

Nessuna bevanda alcolica negli ultimi 30

giorni

In questa sezione Le verranno poste delle domande riguardanti i suoi spostamenti

giornalieri:

Spostamenti
Domanda Risposta

Sei andato almeno una volta in bici o a piedi da casa
al lavoro?

Sì

No *(salta le prossime tre domande)

Nel percorso casa-lavoro passi da un parco o in zone
verdi (es. Zone verdi cittadine, presenza di piante e
alberi)?

Sì

No

Nel percorso casa-lavoro ci sono dei marciapiedi o
sono delle strade con zone pedonali preferenziali?

Sì

No

Nel percorso casa-lavoro ci sono le piste ciclabili che
ti permettono di andare in bici in una corsia
preferenziale?

Sì

No



Quanto si sente sicuro/a a camminare, correre o
andare in bicicletta nel suo quartiere tenendo conto
dell’attività criminale?

Molto sicuro/a
Sicuro/a
Insicuro/a
Molto Insicuro/a

Quanto si sente sicuro/a a camminare, correre o
andare in bicicletta nel suo quartiere tenendo conto
del traffico?

Molto sicuro/a
Sicuro/a
Insicuro/a
Molto insicuro/a

Quanto trova piacevole camminare, correre o
andare in bicicletta nel suo quartiere?

Molto piacevole
Piacevole
Spiacevole
Molto spiacevole

In questa sezione Le verrà posta una domanda riguardante l’uso del suo tempo

libero:

Sport e tempo libero
Domanda Risposta

Durante la sua vita hai mai fatto sport o un'attività
fisica costante (per un minimo di tre mesi)?

Sì, anche adesso

Sì, ma adesso no

No



Questionario sulle Motivazioni nell’Esercizio Fisico 

(BREQ – 2) 

Perchè ti dedichi all’Esercizio Fisico?  

Siamo interessati a capire le ragioni delle persone che decidono di praticare e non praticare esercizio 

fisico. Usando la scala sotto riportata, le chiediamo di indicare quanto è vera ogni affermazione per 

lei. Le ricordiamo che non ci sono risposte giusto o sbagliate e domande ingannevoli. Vogliamo 

semplicemente conoscere come lei personalmente vive l’esercizio fisico. Le sue risposte saranno 

mantenute riservate e usate solo per scopi di ricerca. 

 

La sua Motivazione a praticare Esercizio Fisico 

P
er

 n
ie

n
te

 v
er

o
 p

er
 m

e
  

Ta
lv

o
lt

a 
ve

ro
 p

er
 m

e
  

M
o

lt
o

 v
er

o
 p

er
 m

e 

1. 
Faccio esercizio fisico perchè altre persone dicono che 
dovrei farlo 

0 1 2 3 4 

2. Mi sento in colpa quando non faccio esercizio fisico 0 1 2 3 4 

3. Apprezzo i benefici dell’esercizio fisico 0 1 2 3 4 

4. Faccio esercizio fisico perché è divertente 0 1 2 3 4 

5. Non vedo perché dovrei fare esercizio fisico 0 1 2 3 4 

6. 
Faccio esercizio fisico perché i miei 
amici/famiglia/partner mi dicono che dovrei farlo 

0 1 2 3 4 

7. Mi sento in imbarazzo quando perdo un allenamento 0 1 2 3 4 

8. E’ importante per me fare esercizio fisico regolarmente 0 1 2 3 4 

9. 
Non vedo perché dovrei preoccuparmi di fare esercizio 
fisico 

0 1 2 3 4 

10. Mi piacciono i miei allenamenti 0 1 2 3 4 

11. 
Faccio esercizio fisico perché gli altri non saranno 
contenti di me se non lo faccio 

0 1 2 3 4 

12. Non vedo la ragione di fare esercizio fisico 0 1 2 3 4 

 Nome e Cognome: ______________________



13. 
Mi sento incapace quando non faccio esercizio fisico da 
un po’ 

0 1 2 3 4 

14. 
Penso che sia importante fare lo sforzo di praticare 
esercizio fisico regolarmente 

0 1 2 3 4 

15. Trovo l’esercizio fisico un’attività piacevole 0 1 2 3 4 

16. 
Mi sento “pressato” dagli amici/familiari a praticare 
esercizio fisico 

0 1 2 3 4 

17. 
Divento inquieto se non faccio esercizio fisico 
regolarmente 

0 1 2 3 4 

18. Traggo piacere e soddisfazione dal fare esercizio fisico 0 1 2 3 4 

19. Penso che l’esercizio fisico sia una perdita di tempo 0 1 2 3 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Nome e Cognome: ______________________





Body Uneasiness Test (BUT) 

Indica con una X la risposta più vicina alla tua esperienza attuale 

 

 

 

1. Trascorro molto tempo davanti allo specchio 0 1 2 3 4 5 

2. Non mi fido del mio aspetto: temo che cambi, all'improvviso 0 1 2 3 4 5 

3. Mi piacciono gli abiti che nascondono le forme del mio corpo 0 1 2 3 4 5 

4. 
Passo molto tempo pensando a certi difetti della mia 
immagine fisica 

0 1 2 3 4 5 

5. Quando mi spoglio evito di guardarmi 0 1 2 3 4 5 

6. 
Penso che la mia vita cambierebbe profondamente se potessi 
correggere alcuni miei difetti estetici 

0 1 2 3 4 5 

7. Mangiare in presenza di altri mi provoca ansia 0 1 2 3 4 5 

8. 
Il pensiero di alcuni difetti del mio corpo mi tormenta tanto da 
impedirmi di stare con gli altri 

0 1 2 3 4 5 

9. Ho il terrore di ingrassare 0 1 2 3 4 5 

10. Faccio lunghi confronti fra il mio aspetto e quello degli altri 0 1 2 3 4 5 

11. Se comincio a guardarmi mi è difficile smettere 0 1 2 3 4 5 

12. 
Farei qualsiasi cosa per modificare certe parti del mio         
corpo 

0 1 2 3 4 5 

13. Resto in casa ed evito di farmi vedere dagli altri 0 1 2 3 4 5 

14. Mi vergogno dei bisogni fisici del mio corpo 0 1 2 3 4 5 

15. Mi sento derisa/o per il mio aspetto 0 1 2 3 4 5 

16. 
Il pensiero di alcuni difetti del mio corpo mi tormenta tanto da 
impedirmi di studiare o di lavorare 

0 1 2 3 4 5 

17. 
Cerco nello specchio un'immagine di me che mi soddisfi e 
continuo a scrutarmi finché sono sicura/o di averla trovata 

0 1 2 3 4 5 

18. Mi sento più grassa/o di quello che dicono gli altri 0 1 2 3 4 5 

19. Evito gli specchi 0 1 2 3 4 5 

 Nome e Cognome: ______________________



20. Ho l'impressione che la mia immagine cambi continuamente 0 1 2 3 4 5 

21. Vorrei avere un corpo secco e duro 0 1 2 3 4 5 

22. Sono insoddisfatta/o del mio aspetto 0 1 2 3 4 5 

23. 
Il mio aspetto fisico è deludente rispetto alla mia immagine 
ideale 

0 1 2 3 4 5 

24. Vorrei sottopormi a qualche intervento di chirurgia estetica 0 1 2 3 4 5 

25. L'idea di vivere con l'aspetto che ho mi è insopportabile 0 1 2 3 4 5 

26. 
Mi guardo allo specchio e provo un senso di inquietudine e di 
estraneità 

0 1 2 3 4 5 

27. 
Temo che il mio corpo cambi contro la mia volontà in modi che 
non mi piacciono 

0 1 2 3 4 5 

28. Mi sento scollata/o dal mio corpo 0 1 2 3 4 5 

29. Ho la sensazione che il mio corpo non mi appartenga 0 1 2 3 4 5 

30. 
Il pensiero di alcuni difetti del mio corpo mi tormenta tanto da 
impedirmi di avere una vita sessuale 

0 1 2 3 4 5 

31. 
Mi osservo in quello che faccio e mi chiedo come appaio agli 
altri 

0 1 2 3 4 5 

32. Vorrei decidere io che aspetto avere 0 1 2 3 4 5 

33. Mi sento diversa/o da come mi vedono gli altri 0 1 2 3 4 5 

34. Mi vergogno del mio corpo 0 1 2 3 4 5 

 

 

 

 

 

 

 

 

 

 



Fatigue Severity Scale (FSS) 

Qui di seguito troverà una serie di frasi relative al sintomo della fatica. Per fatica intendiamo senso 

di stanchezza, mancanza di energia o spossatezza totale. Legga attentamente le frasi riportate e, per 

ognuna di esse, scelga un numero da 1 a 7 (dove 1 esprime il Fortemente in Disaccordo, mentre 7 

esprime il Fortemente d’Accordo). Le risposte fornite devono riferirsi all’ultima settimana. Faccia 

una crocetta solo su una casella per ognuna delle frasi e non ometta nessuna risposta. 

 

 

 

 

1. 
La voglia di fare è minore quando sono 
affaticato 

1 2 3 4 5 6 7 

2. L’attività fisica mi affatica 1 2 3 4 5 6 7 

3. Mi affatico facilmente 1 2 3 4 5 6 7 

4. 
Il senso di fatica condiziona le mie 
prestazioni fisiche 

1 2 3 4 5 6 7 

5. 
Il senso di fatica è causa di frequenti 
problemi 

1 2 3 4 5 6 7 

6. 
Il senso di fatica mi impedisce di svolgere 
attività fisiche impegnative 

1 2 3 4 5 6 7 

7. 
Il senso di fatica mi impedisce di svolgere 
compiti e di assumere responsabilità 

1 2 3 4 5 6 7 

8. 
Il senso di fatica è uno dei tre sintomi che 
più limitano lo svolgimento delle mie 
attività 

1 2 3 4 5 6 7 

9. 
Il senso di fatica influenza negativamente 
il mio lavoro, la mia famiglia, i miei 
rapporti sociali 

1 2 3 4 5 6 7 

 

 

 

 

 

 Nome e Cognome: ______________________



PACES-It 
Leggi attentamente le affermazioni riportate qui sotto, assegnando ad ognuna un punteggio da 1 a 5. 
 
 

QUANDO FACCIO ATTIVITÀ FISICA IO: 
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1. mi diverto 1 2 3 4 5 

2. mi annoio 1 2 3 4 5 

3. non mi piace 1 2 3 4 5 

4. lo trovo piacevole 1 2 3 4 5 

5. non mi diverto per niente 1 2 3 4 5 

6. mi dà energia 1 2 3 4 5 

7. mi fa sentire depresso 1 2 3 4 5 

8. è molto piacevole 1 2 3 4 5 

9. il mio corpo si sente bene 1 2 3 4 5 

10. ottengo qualcosa 1 2 3 4 5 

11. è molto eccitante 1 2 3 4 5 

12. mi dà frustrazione 1 2 3 4 5 

13. non è per niente interessante 1 2 3 4 5 

14. mi dà una forte sensazione di successo 1 2 3 4 5 

15. mi fa sentire bene 1 2 3 4 5 

16. mi sento come se preferissi fare qualcos’altro 1 2 3 4 5 

 

 Nome e Cognome: ______________________
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