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Frequently used abbreviations 

 

HR    heart rate (beats per minute) 

PPO peak power output (watts) 

VO2 oxygen consumption (L* min -1) 

VCO2 carbon dioxide consumption (L* min -1) 

VE minute ventilation (L* min -1) 

CO cardiac output (L* min -1) 

SBP systolic blood pressure (mm Hg) 

DBP diastolic blood pressure (mm Hg) 

RPE rating of perceived exertion 

FS Feeling Scale 
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1.1 Exercise adherence: definition and impact 

 
Adherence is generally defined as the level of participation in a behavioral regimen 

once a person has agreed to undertake it [1]. Looking at adherence from a clinical point 

of view is important point for a fully understanding of its usefulness in a whatever 

program. In fact, as indicated by Osterberg and Blaschke [2], the term adherence is 

preferred to compliance based on its active participation pattern to the treatment. 

Physical activity and adherence to exercise programs have had a huge impact on the 

likelihood of illnesses reduction in the last decades [3]. In fact, as indicated in several 

researches, there is a dose – response relationship between physical activity level, 

frequency, intensity and duration and the relative risk ratio of certain illness conditions, 

like CV diseases, colon cancer, obesity, depression, etc. [4,5]. Since several researchers 

made effort in order to define theories and models for a better understanding of this 

phenomenon, they have always tried to define determinants addressed for different 

categories, i.e. psychological factors, social aspects, biological factors etc. [6]. 

Nowadays, it is important to use integrated ecological models that take into account the 

interaction between personal, social and environmental aspects [7]. As indicated by 

Bauman et al. [3], all these determinants are important and contributors for a possible 

success in a behaviour change. One of the major problems of physical activity is the 

total amount performed by the individuals [8]. In fact, there has been a rapid growth of 

death in the low and middle-income countries related to physical inactivity as non 

communicable disease. Moreover, although people decide to pass the physical inactivity 

barrier, there is a high likelihood of dropping out usually after 3 months from the 

beginning [6]. For these reasons appear to be very important try to find strategies and 

models in order to increase the level of physical activity. 
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1.2 Current approaches to improve exercise adherence  

 

It is well known that physical activity improves physical fitness and several health 

outcomes if performed on a regular basis, at the right intensity, duration and frequency 
[9]. As reviewed by Dishman R.K et al.[6], physical activity behaviour is determined by 

several factors [10]. Previous studies on exercise adherence improvement have used 

psychological and behavioural interventions targeting determinants like environmental 

factors, intensity and volume of exercise, and imagery [11,12,13,14,15,16,17,18]. 

On the other hand, the effort for publishing researches on interventions targeting the 

relationship between exercise adherence and exercise intensity is still poor. As indicated 

by Bauman et al.[3], one challenge in the interpretation of behaviour changes is the lack 

of presence of longitudinal data collection. Indeed, a distinction has to be done between 

correlates and determinants of physical activity. The main difference between the two 

variables referred to the possibility of causal relationships between factors acting on the 

exercise domain and physical activity studying determinants. Analyzing the literature, it 

is possible to find several studies targeting exercise adherence by using different 

perspectives. Most of the studies aimed on the definition of the relationships between 

determinants and correlates to physical activity. As indicated by Bauman et al.[3], it has 

been possible to summarize determinants and correlates in five broad categories, 

demographic and biological, psychosocial, behavioural, and social and cultural 

variables [3]. Moreover, other studies have taken into account the possibility to increase 

the level of physical activity studying environmental correlates [3]. These parameters are 

divided in three main different correlates outcomes categories, like transport activity 

outcome, leisure activity outcome and total physical activity outcome [19,20]. On the 

basis of these studies, there is the concept based on the huge importance of behavioural 

and psychological factors and theories in determining a physical activity behaviour 

change. As indicated by Biddle S.J.H. and Mutrie N. [21], motivation, emotions, time 

and facilities availability are barriers for the increase of exercise adherence. Another 

important psychological factor in exercise adherence is the income level. Indeed, some 

studies [3,6,21] have indicated how physical activity can be modified by different 

domains. Some of those become a daily pattern for a life sustaining, i.e. transport, 
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occupational and household physical activity in low and middle-income countries. On 

the other hand, in high-income countries, physical activity is mainly based on leisure 

time activities. A different approach related to physical activity and adherence is based 

on a popular theory indicating that high exercise intensity is negatively related to 

exercise adherence [22,23]. This relationship would be mediated by exercise intensity and 

affective responses (low and moderate intensity exercise = positive affect; high intensity 

exercise = negative affect). 

Therefore, it has been suggested that people should self-select their own exercise 

intensity to elicit a positive affective response during exercise [22] eliciting a higher 

adherence rate. However, to date, there is no evidence highlighting that this behavioural 

intervention improves exercise adherence. The analysis of the relationship between 

adherence and exercise has also to be done verifying how different exercise parameters 

(i.e. intensity, frequency, volume) contribute in determining the behaviour change. One 

of the strategies implemented by several world organisations in order to try to increase 

exercise adherence it has been the reduction of the exercise intensity [23,24,25], shifting 

from exercise performed to develop cardiorespiratory fitness to moderate intensity 

activities. Although it is true that moderate intensity exercise confers significant health 

benefits, vigorous exercise improves health and physical fitness even further [24,25,26]. 

During the last decades, most guidelines on physical activity actually recommend 

moderate intensity exercise [24,27]. The rationale for the use of this approach is based on 

several studies showing that a higher rate of adherence was obtained performing 

moderate compared to high intensity exercise [28,29,30]. One of the reasons indicated by 

the investigators was that moderate intensity has a higher adoption and maintenance due 

to a reduced injury rates compared to higher intensities [27,28]. Furthermore, the higher 

rates of self-reported injuries could have represented an excuse for not completing an 

activity that reaches a high degree of subjective perception of discomfort. In addition to 

these investigations, the aspect of different exercise frequency was also studied [14,28]. 

Results showed a higher rating of adherence in the high frequency exercise and 

moderate intensity group. This is a demonstration that frequency per se is not a negative 

determinant of exercise adherence and has to be encouraged in the exercise prescription 

phase. Moreover, Anton S.D. [14] also indicated that previously active individuals taking 

part in exercise activities during adulthood, can affects the preferred level of intensity 
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and frequency of the exercise. Other investigations over these aspects were performed 

analyzing differences in responses between different activity modalities like high 

intensity interval running compared to moderate continuous running on exercise 

enjoyment [33]. The results, based on the approach of a higher enjoyment rating 

achievement during the exercise, showed greater enjoyment perception performing high 

intensity exercise compared to the moderate intensity group. Another aspect that can 

describe this phenomenon is the exploration of interventions impacting the behaviour 

change by affective expectations. More precisely, nevertheless a relatively unexplored 

topic, there are evidences of an improved adherence rate comparing interactive exercise 

videogaming with traditional physical activity environments [15,34,35,36]. The framework 

and basis for the implementation of this approach was the extended theory of planned 

behaviour model [37,38]. This theory is based on its utility on the prediction of physical 

activity by the presence of discriminant affective parameters. Indeed, the TPB applied 

on the physical activity domain, suggests that a behaviour enhancement is predicted by 

intention (i.e motivation) and its perceived behavioural control (i.e. perceived ability to 

perform the behaviour) [36]. Intention is subsequently influenced by enjoyment/pleasure 

assessment of the behaviour, the instrumental attitudes, subjective norms and perceived 

behavioural control [36]. The results of these investigations produced a significant 

difference in adherence in favor of the videogaming condition compared to classical one 
[15,36]. Thus, another possible approach likely to be implemented in order to increase 

exercise adherence is based on nutritional supplements [39,40]. In fact, several studies 

have shown that a pre-exercise nutritional supplements administration (i.e. caffeine, 

ephedra, etc.) increased performances in athletes. As indicated in this paragraph, the 

majority of the strategies implemented for improving exercise adherence use 

behavioural and psychological interventions in order to improve attitudes and 

motivation to exercise activity. A part of the investigations have been also made 

analyzing the effects of exercise characteristics itself on adherence. As mentioned 

above, it seems that the way for inducing a higher adoption and maintenance of physical 

activity is desirable with a reduction of the its intensity, producing at the meantime a 

lower efficacy in terms of cardiovascular risk factors reduction [4]. For these reasons, 

interventions that can increases adherence without reducing exercise intensity would be 

highly desirable to maintain positive effects on health and physical fitness. To date, on 
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the top of our knowledge, there are not present interventions using this kind of approach 

for improving exercise adherence.  
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1.3 Perception of effort: its evidences as physical activity determinant  

 

Perception of effort is defined as how hard, heavy and strenuous a physical task is [41]. 

From a neurophysiological point of view, this feeling should be mainly dependent on 

feeling of effort in the active limbs and sensation of heavy breathing [42,43]. As shown by 

Taylor and Gandevia [44] perceived exertion increases during a constant load exercise 

over time and this phenomenon is a clear symptom of fatigue. Furthermore, 

psychological factors such as personality, mood, somatic perception, locus of control, 

and self-efficacy can affect RPE [42]. Based on these concepts, RPE is correlated to 

different afferent feedbacks that sending cues from peripheral and central factors can 

influence perceived exertion [43]. Looking at this process from a statistical point of view, 

it has been demonstrated that correlation does not mean causation. Indeed, analyzing the 

literature based on this topic, it is possible to focus the attention on some other 

researches (e.g. epidural anaesthesia) aimed to understand the central role of RPE. An 

example is represented by some interventions aimed to block afferent inputs (from 

muscles spindles and golgi tendon organs, or type III and IV afferent fibres) to the 

central nervous system. The results did not show any effect on RPE [45,46]. Other 

researchers during the last decades have tried to implement theories in order to support 

and corroborate the central role of RPE. One of the researchers that more than others 

has given his effort in trying to understand this phenomenon is Samuele Marcora. 

Indeed, in one of his works [47], he well explained the reasons why it is necessary to 

support a brain based model rather than an afferent feedback one. Actually, his model is 

based on the so called motivational intensity theory [48] and its name is 

“Psychobiological Model”. Following this model, it is possible to understand that 

individuals mainly disengage from a task for the reason that the effort required for 

achieving a defined task is too demanding for a subject, then they are no longer willing 

to exert their maximum effort in order to succeed in a certain task [47,48]. 

RPE has also been studied as determinant of physical activity. Investigations on this 

topic aimed to find a relationship between both supervised and self-selected physical 

activity in different populations. As indicated by Dishman R.K. et al.[6], supervised 

physical activity is negatively associated to perceived exertion. More specifically, as 
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they shown the “perceived discomfort during an exercise program, regardless of 

exertion” could have produced either a positive or negative result in terms of adherence 

and drop out. In a recent research conducted by Aadhal M. et al. [49] they found an 

inverse relationship between level of self rated fitness and RPE in more than 35 

different activities. Moreover, another study [50] shown as the level of relative intensity 

of physical activity measured using rating of perceived exertion is a strong predictor of 

lower cardiovascular risk rate. This means that the higher the intensity of the exercise, 

the better will be the likelihood in terms of reduction of cardiovascular diseases [32]. 

Unfortunately, the relationship between exercise intensity and RPE in terms of exercise 

adherence still remains a problem.  
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1.4 Motivational Intensity Theory: a general overview 

 

Exercise habits depend on several factors. As indicated by Prochaska et al. [51] in his 

“stages of change framework” or transtheoretical model, people move through different 

stages. Indeed, when they start thinking to be physically active, they are not actually 

active yet. Even when individuals start to perform exercise, this model indicates that the 

different stages are irregular. This happens when people that are physically active 

decide to disengage from the exercise domain [52]. For these reasons, researchers tried to 

give an explanation of what regulates exercise and physical activity from a 

psychological point of view. One of the fathers of psychology of physical activity, 

Dishman R.K., made efforts for the definition of determinants of physical activity 
[6,10,53,54]. Moreover, other researchers studied this phenomenon starting from 

psychological theories. One of the most used able to explain the relationship between 

exercise and adherence is the so called “Motivational Intensity Theory”, proposed by 

Brehm and Self [55]. They have defined effort as the mobilization of resources in order 

to carry out instrumental behaviour. Moreover, they indicate that effort primarily refers 

to the intensity aspect of motivation [55]. The presence of effort is of importance for 

overcoming obstacles and deterrents, which constitute barriers between the individual 

and the goal to be achieved. According to the difficulty law of motivation [56,57], effort is 

proportionally mobilized to the difficulty of effort [58]. Another very important aspect of 

Brehm’s theory is the presence of a construct that is not take into account in all the other 

effort theories. Indeed, two parameters design this approach in a very interesting 

manner. The first one is called potential motivation, defined as the amount of effort that 

people would be willing to exert in order to satisfy a motive. The second, called 

motivation intensity is defined as the maximum effort that individuals actually expend 
[59]. These two different concepts lead to another law, the so-called “law of parsimony”. 

The law indicates that simple theories should be preferred over complex ones, unless 

the complex theories explain more completely the outcome of interest. Its logic 

indicates that theoretical distinctions are of value to the degree that they improve, or 

refine, the prediction of defined outcomes [59]. Analyzing the studies produced on 

Brehm’s distinction, it is definitely possible to declare that his theory has a huge 

prediction on effort outcomes [59,60]. Furthermore, another important aspect has to be 
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considered dealing with effort theories. In fact, motive strength should be a key in 

determining the subject’s effort.  Motive determines the potential motivation and where 

effort requirements are warranted and possible to be achieved, the person should expend 

effort as it needed. On the other hand, individuals tend to hold effort in reserve for other 

motives. More specifically, what has been explained in the previous rows indicates the 

existing relationship between effort, potential motivation and difficulty. Figure n.1 

explains this relationship.  

 

 

Figure1.  Potential motivation and motivation intensity variations based on the task difficulty [59]. 
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As indicated on the first panel (A), a subject with a low level of potential motivation is 

not able to overcome a higher task in terms of difficulty. This aspect indicates that the 

amount of effort that the subjects would be willing to exert is not enough for 

increasingly difficulty tasks. The second panel (B) indicates an example with a 

moderate level of potential motivation. In this case, on the basis of the task difficulty, 

the effort that individuals would be actually willing to exert allow to achieve easy and 

moderately difficult tasks, but no difficult tasks are warranted. For this aspect, is 

important to focus the attention on the third panel (C). Indeed, in this case, individuals 

are willing to exert a high level of effort in order to cope with high difficulty tasks [59].  
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1.5 The psychobiological model 

 

The analysis of the motivational intensity theory of Brehm [55] has an impact on the 

physical activity domain. Before to explain the application of this model to exercise and 

physical activity, it is important to focus the attention on an important aspect related to 

the reason of the use of this model. On the scenario of psychological theories explaining 

the relationship between exercise and adherence there is another one that wanted to 

highlight the characteristics of this phenomenon. According to the Hedonic theory of 

motivation [22], Ekkekakis proposed a model based on the affective aspects of the 

exercise [22,61]. More precisely, the issue is the relationship between moderate and high 

intensity exercise with adherence. Based on this model, moderate intensity exercise 

should be perceived as enjoyable and positive by the people leading to adoption and 

maintenance of physical activity behaviour. On the other hand, an exercise intensity 

perceived as uncomfortable, based on this approach as over the ventilatory threshold, 

should results in a higher rate of individuals with tendency to give up from the activity 
[22,62,63]. Unfortunately, as indicated by several papers and public reports published by 

universities and health organizations, based on the level of moderate intensity activity, 

is possible to understand how the rate of individuals that meet the criteria for being 

physically active is low [64]. This firstly demonstrates that people do not engage in all 

categories of intensity of the exercise, and secondly highlights that the hedonic theory 

implemented by Ekkekakis has a lack of construct validity. 

The application of the Brehm’s theory on the exercise domain has been recently 

proposed by Marcora S.M. [47,65] in the so-called psychobiological model. According to 

this model, people either do not engage in any kind of physical activity or disengage 

from the task whether they are active, because the effort required by the activity itself is 

equal to the maximum effort they are willing to exert, or because the individuals believe 

to have exerted a true maximal level of effort and continuation of the activity or the 

planned program is no longer possible. The motivational intensity theory can be 

implemented using two different approaches. As indicated in the figure n.2, the first 

approach is the classical way, used in order to try to increase the level of potential 

motivation (i.e. from panel A to panel B) to obtain a task improvement. This strategy is 
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the most popular, because of its use in all the treatments based on psychological 

interventions (i.e. 1 to 1 sessions, different enviroments).  

 

Figure 2 A general description of the classical use of Brehm motivational intensity theory. A) pre-test condition with 

a low to moderate potential motivation. B) post-test condition with increased level of potential motivation. [59] 

 

The second approach, showed in the figure n.3, has a different starting point. Actually, 

from a general point of view the concept is based on the ability to reduce the demand of 

a task, in order to maintain a good level of potential motivation without reaching the 

point of task disengagement. Based on this strategy, people should maintain their task 

engagement for a longer period of time and whether they decide to disengage from the 

task, they should do it later on. 
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Figure 3 Alternative approach of the Brehm's motivational intensity theory. The ability to reduce the task difficulty 

assures a reduction in terms of effort resulting in a longer task engagement. 
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1.6 The use of caffeine on exercise adherence improvements 

 

Caffeine is one of the most widely used drugs in the world, as demonstrated by several 

researches [40,66]. Almost the totality of caffeine daily intake comes from dietary sources, 

with a higher percentage coming from coffee and teas. As indicated, the use of caffeine 

on a daily use does not represent a risk for the general health even if in the literature it is 

possible to find contradictory results due to the possibility of caffeinism, dependence 

and withdrawal [67]. Caffeine has also been studied in the physical activity and exercise 

domain as well as in competitive sports [39,40,68]. In fact, athletes are well known to use 

caffeine in order to improve mental and physical performances due to its ergogenic 

effects [69]. The main action of caffeine on the body is its role as antagonist of adenosine 

in the brain [70,71]. The result, as indicated in a meta-analysis conducted by Doherty M. 

et al. [40] is a delayed onset of the fatigue process. Moreover, another aspect plays a role 

when caffeine is taken during the exercise. The contribution of RPE in the aerobic 

exercise domain as limiting factor has been well demonstrated in athletes during the last 

decades [42,47,72,73]. Indeed, as indicated in a systematic review published by Doherty et 

al. [40] there is an inverse relationship between the fitness level expressed as VO2 max 

and percentage of reduction in RPE. The studies collected for this meta-analysis 

included individuals with a fitness level above 45 ml*O2*min-1, as indicated in figure 

n.4.  
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Figure 4 Scatterplot of sample mean VO2max and sample mean exercise ratings of perceived exertion (RPE) change 

following caffeine ingestion (n=20). RPE change (%) = -13.21+(VO2max [mL/kg/min] _0.32); r250.29 

(P<0.05).These data suggest a good relationship between VO2max and the likelihood to reduce RPE following caffeine 

ingestion in athletes than participants that have a low VO2max. [40] 

 

Furthermore, there are some evidences indicating that the effect of caffeine on 

perception of effort is positively related to VO2max [74,75]. To date, only very few studies 

have been conducted either in sedentary individuals or in people with a poor level of 

fitness [76,77]. For these reasons it is of importance to see whether the use of a nutritional 

strategy could lead to an improvement of exercise adherence.  As indicated in the 

paragraph above, it will be possible to implement the second way of using the Bremh’s 

motivation intensity theory. Indeed, in the context of physical activity for health, the 

objective is to use caffeine in order to target perception of effort without reducing the 

intensity of the exercise. In this way it could be possible to maintain for a longer period 

individuals as physically active, leaving them to disengage later on.  
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1.7 Aims of the research program 

 

The aims of this thesis was to implement a nutritional approach based on the 

psychobiological model using caffeine for addressing the relationships between caffeine 

on perception of effort, physiological variables and adherence in sedentary adults. 

(inserire proof of concept che sam ha dichiarato durante la telefonata). We have 

performed two studies:  

Study n. 1:  Effects of caffeine on perception of effort and physiological responses 

during sub-maximal aerobic exercise in sedentary adults. 

 

Aim of the study: to examine the effects of different caffeine dosages and placebo on 

perception of effort, affect, blood lactate and cardiovascular parameters during a sub-

maximal training simulation.  

 

Study n. 2: Effect of caffeine on exercise adherence in sedentary adults.   

Aim of the study: to examine how caffeine affects perception of effort and adherence 

parameters during a 12 weeks aerobic training program in sedentary adults.  
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CHAPTER 2 

EFFECTS OF CAFFEINE ON PERCEPTION OF EFFORT AND PHYSIOLOGICAL 

PARAMETERS DURING SUB-MAXIMAL EXERCISE IN SEDENTARY ADULTS 

(STUDY I) 
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STUDY I 

 

Title: Effects of caffeine on perception of effort and physiological responses during 

sub-maximal aerobic exercise in sedentary adults. 

 

2.1 ABSTRACT 

 

Rating of perceived exertion (RPE) is a negative determinant of physical activity [6]. 

This conscious sensation is related to the intensity of the performed task [41]. It is well 

known that high-intensity exercise is associated to a lower rate of adherence when 

compared to a moderate intensity regimen [30]. Caffeine is one of the most widely used 

drugs in the world [78]. Furthermore, it has been well established that it can enhances 

performance in athletes either by a higher power production [40,79]. The effect of caffeine 

on RPE in unfit people is poorly understood and controversial [76]. It has been suggested 

that RPE could be not affected by caffeine in this population during a sub-maximal 

aerobic exercise [76]. The aim of this study was to establish whether caffeine affects RPE 

in sedentary healthy subjects during a sub-maximal aerobic exercise. A secondary aim 

was to determine the effects of caffeine on cardiovascular and physiological variables. 

16 healthy subjects were involved in the study. In this randomised cross-over study 

participants visited the laboratory four times. After a VO2 MAX determination each 

subject was asked to perform a sub-maximal aerobic simulation taking in a randomised 

order 400, 200 mg, and placebo. There was a significant treatment x workload 

interaction of caffeine on RPE (p<0.05,p=0.006). Pairwises comparisons indicated that 

a dosage of 200 mg (M=15.66,SD=1.69) (p<0.05,p=0.014) and 400 mg 

(M=15.47,SD=1.26) (p<0.05,p=0.000) of caffeine were significantly different in 

reducing RPE compared to placebo (M=16.94,SD=1.94). No significant differences 

were found between the 200 mg and 400 mg of caffeine (p=1.000). No significant 

treatment x workload interaction was found on VO2 (p=0.480). There was a significant 

main effect of workload on VO2 on the three different conditions (p<0.05,p=0.000). No 

treatment x workload interaction on VCO2 (p=0.408). Significant main effect of 

workload (p<0.05,p=0.000) was found. No treatment x workload interaction on VE 

(p=0.388). Significant main effect of workload (p< 0.05, p=0.000) was found. No 
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treatment x workload interaction on HR (p=0.548). Significant main effect of workload 

(p<0.05,p=0.000) was found. No treatment x workload interaction on La-
 (p=0.390). A 

significant main effect of workload (p<0.05,p=0.045) was found. No treatment x 

workload interaction on RPM (p=0.659). A significant main effect of workload 

(p<0.05,p=0.004) was found. No significant treatment x workload interaction on SV 

(p=0.284). A significant main effect of workload (p<0.05,p=0.049) was found. No 

significant treatment x workload interaction on CO (p=0.285). A significant main effect 

of workload (p<0.05,p=0.001) was found. No significant treatment x workload 

interaction on SBP (p=0.538) A significant main effect of workload (p<0.05,p=0.001) 

was found. No significant treatment x workload interaction on DBP (p=0.972). There 

was not any significant main effect of workload (p= .194).  

In conclusion, this study demonstrated that 200 mg of caffeine taken on a chewing-gum 

based pill 15 minutes before a sub-maximal aerobic exercise were able to reduce RPE in 

sedentary individuals.  
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2.2 INTRODUCTION 

 

Observing literature it is possible to highlight that RPE is indicated as a negative key 

variable and an important limiting factor during both exercise and physical activity 

programs [10,22,41].  Another key variable of exercise adherence is the intensity of the 

exercise [6,10]. As indicated in a study conducted by Perri et al. [31], low – moderate 

intensity exercise are associated with a greater adherence than prescription for vigorous 

activities. For these reasons, it is necessary to define a strategy in order to improve 

attrition to exercise programs. One possibility is related to the use of caffeine. This drug 

is considered the most widely used, with both young and adults consuming it on a 

regular basis [80]. It is well known that caffeine enhances performances in athletes 
[39,40,79]. Another study, conducted by Davis et al. [81] demonstrated that a central 

nervous system infusion of caffeine in rats provided an increased run time to fatigue. In 

a recent Review by Glade [78], he demonstrated the beneficial effects of moderate (100 

to 200 mg, every 3 to 4 h, 5 times/day) caffeine consumption in humans. As stated by 

Glade, an important issue of the use of caffeine are both the decrease of “sense of 

effort” associated with physical activity and the decrease of mental fatigue. Other 

studies, conducted in humans, have shown some alterations of participant perceptual 

responses during testing activities. Some of these responses are based on an increased 

work output at a given rating of perceived exertion, or a reduction in RPE at a constant 

exercise intensity [40]. As indicated by the authors, they found a relationship between 

VO2 max and RPE. Indeed, after the ingestion of caffeine, subjects with a higher fitness 

level showed a better reduction in terms of RPE. Moreover, fitness level might play an 

important role in the reduction of perception of effort [75,79]. Therefore, there are not 

studies conducted with sedentary subjects [40]. The aim of the study was to investigate 

the effects of caffeine on perception of effort during sub-maximal exercise in unfit 

people. A secondary aim was to determine whether caffeine could affects 

cardiovascular parameters (i.e. CO, SBP, DBP) due to the controversial results 

published on peer review journals on this topic. 
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2.3 METHODS 

 

Subjects and Ethical issues 

 

Sixteen eligible subjects [8 men and 8 women; mean ± SD, age 28.0 ± 6 yr, height 

172.2 ± 6.4 cm, weight 70.5 ± 14.3 kg, peak oxygen uptake (VO2peak) 36.5 ± 4.8 ml . kg-

1 . min-1, peak power output (PPO) 200 ± 43 W] signed an informed consent form 

describing the study protocol. The eligibility criteria were being between 18 and 45 for 

men, and from 18 to 55 for women, being no involved in aerobic activities for more 

than 3 times per week in the past 3 months, being free of any know illness condition and 

with a VO2peak below “GOOD” according the Heyward cardiorespiratory fitness 

classification [27]. All subjects were informed and given written instructions describing 

all procedures related to the study. Participants believed that the study was conducted 

on the effect of two different psycho stimulants on the physiological responses to sub-

maximal aerobic exercise. At the end of the last visit, subjects were clarified on the real 

aims of the study, thanked for their participations and they were also asked to not talk to 

the other subjects the real aims of the research.  

 

Study design and procedures 

 

In this study we employed a double - blind, randomized cross-over design. Subjects 

visited the laboratory four times. During the first visit were asked to participants to 

complete the International Physical Activity Questionnaires (IPAQ) [82] to ensure the 

absence of any regular physical exercise in the last three months. Moreover, subjects 

were asked to complete a caffeine questionnaire in order to obtain informations about 

the frequency and quantity of any beverage and food containing caffeine in the last 

three months. Subjects were also asked to perform both body size composition and an 

incremental exercise test (3 min at 50 W + 25 W every 1 min with a pedal frequency 

from 60 to 100 revolutions/min) in order to determine VO2 peak and Peak Power Output 

(PPO) calculated according to the equation of Kuipers et al.[83] on an 

electromagnetically-braked cycle ergometer (Lode, Groningen, The Netherlands). Tidal 

volume (VT), breathing frequency (BF), minute ventilation (VE), oxygen consumption 
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(VO2), carbon dioxide production (VCO2) and respiratory exchange ratio (RER) were 

measured using a breath by breath gas Analyzer (Metalyzer, Cortex, Netherlands) 

connected to an oro–(mouth) mask. The highest VO2 value measured during the test 

was considered maximal (VO2peak) when any two of the following criteria were met: a 

respiratory exchange ratio ≥ 1.15; a maximal heart rate higher than the 90% of the 

subject’s age-predicted maximal heart rate; a plateau in the VO2 with an increase in 

work rate; leg or chest RPE higher than 18 on the 15 point Borg Scale. The cycle 

ergometer was regularly checked for accuracy of power output and cadence. Prior to the 

incremental test the ergometer was adjusted for each subject. Settings were recorded to 

allow the reproduction in the subsequent visits. Subjects were familiarized and received 

instructions for the rating of perceived exertion (RPE) using the 15 point scale 

developed by Borg [42] .  

In the second, third and fourth visit, after randomization (www.randomization.com), 

subjects taken either a 200 mg caffeine based chewing gum, 400 mg caffeine based 

chewing gum or a placebo chewing gum. Prior to testing participant informed consent 

and informations were provided in order to refrain from caffeine, nicotine, alcohol and 

any medication in the 24 h prior each testing session and during all the day of the 

experimental conditions, as well as to avoid exercise for 24 h prior [84,85]. At each visit 

to the lab, subjects were asked to complete a pre-test checklist to ascertain that they had 

complied with the instructions given to them. Each testing visit consisted in a 4 

intensities sub-maximal aerobic simulations. More precisely, each subject was asked to 

pedal 4 min at 20, 40, 60 and 80 % of their PPO obtained during the first visit after a 4 

min step seated on the cycle ergometer to allow basal measurement of blood lactate, 

SBP, DBP, SV and CO. Each workload was interspersed with a rest of 1 min. 

Cardiovascular parameters were measured during the second and fourth minute of each 

intensity. La- was also measured immediately after each stage. Perceptual responses to 

the exercise i.e. RPE and FS, were measured during the last 15 seconds of the second 

and fourth minute of each load.  (see Physiological and perceptual responses to exercise 

for details). Each subject completed all the testing sessions over a period of two weeks 

with a time recovery in between of at least 48 h. Environmental conditions during the 

laboratory were kept constant between 18 and 22 °C for the temperature and 45 and 60 

% for humidity.  
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Treatment 

 

Experimental treatment 

 

Subjects involved in the study were deceived and they were informed of a testing of the 

effects of two different psychostimulants on physiological responses in order to avoid 

any changes in perceptual responses due to the different composition of the treatment. 

Every visit, in a randomized order they were asked to chew 4 chewing gums either 2 

Stay Alert and two placebo chewing gums, 4 Stay Alert, or 4 placebo chewing gums. At 

the end of the data collection subjects were informed of the real nature of the aims of 

the study and the composition of the treatments. The chewing gums were chewed for 5 

minutes taking 2 chewing gums each time. After each 5 minutes periods were asked to 

the subjects to expectorate the gums. Fifteen minutes after assuming treatment, subjects 

performed a 4 minutes baseline step. Than, subjects performed 4 bouts at 20 – 40 – 60 - 

80 % of PPO of 4 minutes each, defined as LOW - MODERATE - HIGH - VERY 

HIGH INTENSITY. The rest interspersed within each bout was 1 minute. At the end of 

the VERY HIGH intensity bout subjects performed a 3 minutes bout at 10% of PPO as 

cool down.  

Stay Alert  is a commercial available caffeine-based chewing gum. Its caffeine 

concentration is 100 mg for any piece. We used a maximal caffeine concentration of 6 

mg*kg-1. As shown in the study of S.A. Syed et al. [84] subjects rested for 15 minutes 

after the assumption of the gums and warm up. The reason is the required time that is 

needed to achieve the maximum caffeine concentration using chewing gum form [84]. 

Due to the presence of the buccal mucosa site, the gum formulation provides a 

significantly faster absorption rate [84]. Indeed, this site is known to be a rapid site for 

drugs absorption. The amount of caffeine that subjects were asked to take ranged from 3 

to 6 mg*kg-1. We decided to use this range of caffeine concentration based on studies 

that demonstrated the absence of any side effect in healthy subjects who assumed 

caffeine in a range from 3 to 10 mg*kg-1 [78]. 

 

Control treatment. Control treatment consisted of performing the same protocol as 

indicated in the “experimental treatment” section. The main difference was related to 
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the pills that subjects were asked to take. They chewed 4 normal chewing gums with a 

similar taste compared to caffeine-based chewing gums. The chewing gums were sugar 

free.  

 

Physiological and perceptual responses 

 

Heart rate (HR), stroke volume (SV) and cardiac output (CO) were measured during 

exercise using a bioimpedance device (Physioflow PF05L1; Manatec, Petit-Ebersviller, 

France). Minute ventilation (VE), oxygen consumption (VO2), carbon dioxide 

production (VCO2) and respiratory exchange ratio (RER) were measured using a breath 

by breath gas Analyzer (Metalyzer, Cortex, Netherlands) connected to an oro–(mouth) 

mask. Two sets of two electrodes (Ambu Blue Sensor VL, Ambu A/S, Ballerup, 

Denmark), one transmitting and the other one receiving a low amperage alternating 

electrical current, were applied on the supraclavicular fossa at the left base of the neck 

and along the xiphoid. Another set of two electrodes was used to monitor a single ECG 

lead in the V1/V6 position. All electrodes placement areas were shaved if necessary, 

cleaned with an alcohol pad and dried with a paper towel. Wires connected to the 

electrodes were fixed on the body using tape to reduce movement artifacts. Stroke 

volume (ml), was estimated by this computerized device from changes in transthoracic 

impedance during cardiac ejection according to the method described in detail by 

Charloux et al. [86]. CO (l . min-1) was calculated as CO = (HR x SVi x BSA) / 1000, 

where BSA was body surface area (m2) calculated according to the Haycock formula 

[BSA= 0.02465 x body mass (kg) 0.5378 x stature (cm)0.3964] and SVi (ml m-2) = SV 

/ BSA. Heart rate (min-1) was based on the R-R interval determined from the first 

derivative of the ECG. All data were averaged over 1 min periods before statistical 

analysis. Accuracy of CO estimation has been validated against direct Fick methods [86]. 

Blood pressure was monitored both at rest and during the exercise during the 2nd and 4th 

minute using an automated blood pressure monitor (Tango stress blood pressure 

monitor; SunTech Medical, Morrisville, NC) interfaced with physioflow. The size of 

the cuff, which was placed on the left arm of the subject, was based on individual arm 

girth. Mean arterial pressure (MAP) (mmHg) was calculated as MAP = [(2 x diastolic 

pressure) + systolic pressure] / 3. Total peripheral resistance (TPR) (mmHg l-1) was 
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calculated as TPR = MAP / CO. Capillary blood was sampled from the earlobe 

immediately after each stage during the  1-min break and analyzed using Biosen C_line, 

Clinic. 

During the last 15 seconds of the 2nd and 4th minute of exercise, subjects were asked to 

rate their perception of effort using the 15-point Borg Scale (1998).  Moreover, 

immediately after their perception of effort declaration, there were also asked to the 

subjects to rate their amount of pleasure/displeasure using the so-called feeling scale [89]. 

 

 

Statistical analysis.  

 

All data are presented as mean ± SD. The effects of condition (caffeine 200 mg, 

caffeine 400 mg and control) and the intensity (LOW - MODERATE – HIGH – VERY 

HIGH) on physiological, perceptual responses and psychological variables, were tested 

using a 3 x 4 factorial fully repeated measures ANOVA.  
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2.4 RESULTS 

 

Effect of caffeine on physiological responses 

 

As indicated in figure 5 the average HR compared in the 3 different conditions did not 

present any interaction (p = 0.548) at each of the four different workloads, while HR 

increased from the LOW to VERY HIGH intensity workload (main effect of workload    

(P< 0.05, p = 0.000)). 

 

 
Figure 5 Effect of caffeine on heart rate during sub-maximal aerobic exercise. # 
Significant main effect of workload (P<0.05, p = 0.000). Data are presented as 
mean ± SD. 

 
Average VO2 during the sub-maximal aerobic exercise at each workload did not reveal 

any interaction with treatments (p = 0.480). VO2 changed significantly over each 

workload (main effect of workload, p< 0.05, p = 0.000) (Fig. 6).  
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Figure 6 Effect of caffeine on Oxygen consumption during sub-maximal aerobic exercise. # Significant main 
effect of workload (P<0.05, p = 0.000) . Data are presented as mean ± SD. 

 

VCO2 and VE changed significantly over each workload (all main effects of workload 

P<0.05, p = 0.000) but there were no significant interaction between the two caffeine 

dosages and the workloads, respectively (p = 0.408) and (p = 0.388) (Fig. 7-8).  

 



 34 

 
Figure 7 Effect of caffeine on Carbon Dioxide consumption during sub-maximal aerobic exercise. # Significant main 
effect of workload (P<0.05, p = 0.000). Data are presented as mean ± SD. 

 
Figure 8 Effect of caffeine on minute ventilation during sub-maximal aerobic exercise. # Significant main effect of 

workload (P<0.05, p = 0.000). Data are presented as mean ± SD. 
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Blood lactate results in the three different conditions presented a main effect of 

workload (p< 0.05, p = 0.045) but there was not any interaction between treatments and 

workloads   (p = 0.390) (Fig. 9).    

 

 
 

Figure 9 Effect of caffeine on Blood Lactate during sub-maximal aerobic exercise. # Significant main effect of 
workload (P<0.05, p = 0.045) . Data are presented as mean ± SD. 

 

Cardiovascular parameters during exercise, i.e. SV, CO, SBP, DBP, did not reveal any 

interaction between treatment and workload, respectively (p = 0.284) for SV, (p = 

0.285) for CO, (p = 0.538) for SBP, and (p = 0.972) for DBP. All those parameters, 

unless for DBP    (p = .194), revealed a significant main effect of workload (P< 0.05) 

(Fig.10).  
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Figure 10 Effects of caffeine on cardiovascular parameters during sub-maximal aerobic exercise. A) Stroke volume. 
B) Cardiac Output. C) Systolic blood pressure. D) Diastolic blood pressure. # Significant main effect of workload 
(P<0.05, p = 0.049; P<0.05, p = 0.001; P<0.05, p = 0.001). Data are presented as mean ± SD. 
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Effects of caffeine on perceptual responses 
 
A significant treatment x workload interaction (p< 0.05, p = 0.006) was found on RPE 
at 80 % of PPO. Pairwise comparisons indicated at the overall 0.05 level that caffeine 
200 mg (M = 15.66,SD = 1.69) (p< 0.05, p = 0.014) and 400 mg (M = 15.47,SD = 1.26) 
(p< 0.05, p = 0.000) were significantly different in reducing RPE compared to placebo 
(M = 16.94,SD = 1.94). No significant differences were found between Caffeine 200 
and 400 mg (p = 1.000) (Fig. 11).  
 
 

 
 
Figure 11 Effect of caffeine on RPE during sub-maximal aerobic exercise. ∗ Significant treatment x workload 
interaction (p< 0.05, p = 0.006). # Significant main effect of workload (P<0.05, p = 0.049; P<0.05, p = 0.001; 
P<0.05, p = 0.001). Data are presented as mean ± SD. 
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The experienced mood measured using F.S. during the sub-maximal aerobic exercise 
did not reveal any interaction between treatments and workload (p = .565).  Feeling 
scale results presented both a main effect of workload (P < 0.05, p = 0.003) and 
treatment (P < 0.05, p = 0.043) (Fig. 12) 
 
 
 
 

 
 

Figure 12 Effect of caffeine on FS during sub-maximal aerobic exercise. ∗ Significant main effect of workload 
(p< 0.05, p = 0.003). # Significant main effect of treatment (P<0.05, p = 0.043). Data are presented as mean ± 
SD. 
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2.5 DISCUSSION 

 

Although the ergogenic effects of caffeine are well established in the athletes population 

as indicated by Doherty and Smith [40] informations on how caffeine behaves in 

sedentary individuals still remains a point of interest from a scientific point of view. On 

the first study we demonstrated how different caffeine dosages had a neutral effect on 

the cardiovascular parameters measured during the 4 steps sub-maximal aerobic 

exercise performed by the subjects. This finding was in contrast to some other published 

studies on this topic [92,93] in which they showed a significant raise of SBP, HR during 

exercise assuming different amounts of caffeine. Cardiovascular parameters could be 

interpreted as not influenced by either caffeine or coffee without taking into account the 

genetic aspects of each individual [66]. Furthermore, VO2, VCO2, VE did not reveal 

significant differences between treatment and placebo. Also this result was in contrast to 

other published data investigating the effect of caffeine on the metabolic parameters [76] 

in which they presented a significant increase of VO2 during the task conducted 

assuming caffeine. Those results indicate that the glycogen sparing theory cannot be 

used to explain the peripheral effects of caffeine ingestion, as there are not data 

supporting any significant difference between caffeine and placebo during different 

exercise tasks [94]. To support this aspect, the most important finding of the first study 

was the ability to significantly reduce RPE at 80% of PPO during both 200 and 400 mg 

of caffeine compared to placebo. To date, on the top of our knowledge, there were not 

acute studies demonstrating a significant positive effect of caffeine on perception of 

effort in sedentary individuals. A possible explanation for this phenomenon is related to 

the central effect of caffeine as indicated by Fredholm et al. [66]. Indeed, caffeine 

assumption plays an important role in the block of the circulating brain adenosine. More 

specifically, caffeine acts on adenosine A1 and A2 receptors in order to produce a delay 

on the onset of the fatigue process by binding on adenosine receptors. This aspect has 

been recently demonstrated on rats by Davis J.M. et al. [81]. Indeed, they demonstrated 

that rats assuming a dose of caffeine spent more time on running compared to those that 

were given placebo.  Furthermore, the results on rating of perceived exertion obtained 

on this study and all the previous informations are in line with the psychobiological 

model proposed by Marcora  S.M. [41]. As stated in his paper, perception of effort seems 
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to be generated from motor to sensory areas of the cerebral cortex. Therefore, we 

demonstrated the validity of the Brehm’s motivational intensity theory based on the 

ability to reduce the effort necessary to perform a task (.i.e. sub-maximal aerobic 

exercise). In this study, the increase in central motor command necessary to perform the 

same task is represented by the increase of perception of effort at the same exercise 

intensity comparing placebo with the two dosages of caffeine. The results of the first 

study were of importance as set up and starting point for the caffeine dosages necessary 

to use in the second one, the clinical trial. Moreover, study I worked as proof of concept 

because we were able to demonstrate the possibility to reduce RPE using a nutritional 

strategy as taking caffeine before an exercise session giving also the likelihood to 

increase exercise adherence if assumed on a regular bases. 

 

2.6 CONCLUSION 

 

We can conclude that this study demonstrated for the first time that 200 mg of caffeine 

consumed 15 min before sub-maximal high-intensity exercise can reduce RPE in 

sedentary subjects. From a physiological point of view we demonstrated that the 

assumption of either 200 mg or 400 mg of caffeine does not represent a risk for a 

dangerous increases of all the cardio respiratory parameters that we measured. On the 

basis of this finding and the psychobiological model of exercise, we hypothesize that 

consumption of caffeine supplements before each training session could increases 

exercise adherence in sedentary subjects.  
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CHAPTER 3 

 

EFFECT OF CAFFEINE ON PERCEPTION OF EFFORT AND EXERCISE 

ADHERENCE IN SEDENTARY ADULTS: A RANDOMIZED CONTROLLED TRIAL 
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STUDY II 

 

Title: Effect of caffeine on perception of effort and exercise adherence in 

sedentary adults: A randomized controlled trial 

 

3.1 ABSTRACT 

 

It is well known that physical activity improves physical fitness and several 

health outcomes whether performed on a regular basis, at the right intensity, 

duration and frequency [10]. As reviewed by Dishman [6] physical activity 

behaviour is determined by several factors [10,22,88]. Previous studies on exercise 

adherence have been focused on psychological and behavioural interventions in 

order to improve this behaviour [11,12,13,14,15,16,17,18]. To date, there are just few 

studies that used nutritional strategies in order to improve exercise adherence 
[8,76]. The aim of the study was to implement in a randomized controlled trial a 3 

times per week for 12 weeks aerobic training in order to test the hypothesis that 

an assumption of 200 mg of caffeine before each training session could increase 

the adherence to a vigorous aerobic training program designed according to the 

ACSM Guidelines for the improvement and maintenance of fitness [82]. After 

randomization was asked to each subject to perform a pre-test VO2 MAX in order 

to define the PPO [W] and training intensities for the first 6 weeks of training. 

The same procedures were performed for the mid-test and post-test. Was also 

asked to each subject to perform a baseline mid and post-test assessment of 

IPAQ, EMI-2 and BRUMS questionnaires in order to detect any difference on 

the general level of physical activity during daily activities and on mood and 

motivation. Adherence parameters (i.e. attendance) were measured at at 6 and 12 

weeks of training in order to detect differences between caffeine and placebo 

group. Subjects visited the gym 3 times/week for 12 weeks.  

Results:Attendance to the exercise program were significantly different on the 

weeks 1 to 6 [CAF (12.92 ± 3.75) PLAC (15.92 ± 2.54) t(23) = -2.99, p = 0.030], 
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6 to 12 [CAF (4.00 ± 5.34) PLAC (8.67 ± 5.34) t(23) = -4.67, p = 0.040] and all 

the 12 weeks of training [CAF(16.92 ± 7.98)  PLAC (24.58 ± 6.49) t(23) = -7.66, 

p = 0.040].The mean percentage of time completed was significantly different on 

the weeks 1 to 6 [CAF(68.01 ± 19.46) PLAC(85.50 ± 14.19) t(23) = -17.49, p = 

0. 018] and from week 1 to 12 [CAF(47.01 ± 22.18) PLAC(68.29 ± 18.02) t(23) 

= -21.28, p = 0.015]. The comparison of mean total time performed for each 

training was found significantly different at session 12,15, 17, 21, 22, 33, 35 

(P<0,05).PSYCHOLOGICAL QUESTIONNAIRES: Results on BRUMS 

questionnaire did not reveal any significant treatment x time interaction between 

caf_pre  and plac_pre compared to caf_post and plac_post on ANGER (p = 

0.700), CONFUSION (p = 0.976), DEPRESSION (p = 0.807), FATIGUE (p = 

0.700), TENSION (p = 0.582) and VIGOUR (p = 0.867). Furthermore, there was 

not found any main effect of time for each tested variable ( P>0,05). The EMI2 

results did not show any interaction between the pre – post test comparisons 

between caf and plac groups on AFFILIATION (p = 0.370), APPEARANCE (p = 

0.685), ENJOYMENT (p = 0.643), HEALTH PRESSURE (p = 0.855), HILL 

HEALTH AVOIDANCE (p = 0.394), NIMBLENESS (p = 0.597), POSITIVE 

HEALTH (p = 0.227), REVITALISATION (p = 0.324), SOCIAL 

RECOGNITION (p = 0.364), STRENGTH ENDURANCE (p = 0.696) and 

WEIGHT MANAGEMENT (p = 0.929). Furthermore, there was  a significant 

main effect of time was found on AFFILIATION, POSITIVE HEALTH 

(P<0.05), whilst for all the other EMI-2 tested variables was not found any main 

effect of time (P >0.05). The enjoyment of the exercise measured using the 

PACES scale did not show any significant interaction between caf and plac on 

PACES SCALE SCORING (p = 0.794). There was not a significant main effect 

of time (p = 0.095). The IPAQ results presented a significant treatment x 

workload interaction on the pre-post comparisons between caf and plac on IPAQ 

HIGH INTENSITY DAYS (p< 0.05, p = 0.028), IPAQ HIGH INTENSITY 

MINUTES (P< 0.05, p = 0.014). On the other hand, all the other parameters, like 

IPAQ MODERATE INTENSITY DAYS (p = 0.374), IPAQ MODERATE 
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INTENSITY MINUTES (p = 0.594), IPAQ WALKING DAYS (p = 0.647), 

IPAQ WALKING MINUTES (p = 0.898) and IPAQ SEATED MINUTES (p = 

0.898) did not present any significant interaction (P>0.05). Main effect of time 

was found significantly different for IPAQ HIGH INTENSITY DAYS, IPAQ 

HIGH INTENSITY MINUTES (P<0.05) PHYSIOLOGICAL PARAMETERS: 

The pre-post test analysis of the PPO did not show a significant treatment x 

workload interaction between caf and plac (p = 0.683). There was a significant 

main effect of time (P<0.05) (p = 0.003). Moreover, the ANOVAs performed on 

VO2 PEAK and HR pre-post test results did not reveal a significant treatment x 

workload interaction (VO2 PEAK (p = 0.462), HR (p = 0.856)). Furthermore, a 

significant main effect of time for HR was found (p< 0.05, p = 0.001). The data 

analysis of RPE pre-post data comparing caf and plac groups, did not reveal a 

significant difference accounted for the effort perceived during each training 

sessions (p = 0.487). A significant main effect of workload (p< 0.05, p = 0.001) 

was found. All the data are presented by mean ± SD. 

Conclusions: This study demonstrated that there is not any effect of caffeine on 

perception of effort and adherence improvement in sedentary subjects. From a 

physiological point of view, due to a reduction in total time of training and 

percentage of total training completed we do not have demonstrated an 

improvement in aerobic fitness. On the other hand, adherence for the placebo 

group is resulted significantly different compared to caffeine.  
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3.2 INTRODUCTION 

 

Physical activity and an overall active lifestyle are important issues in the 

reduction of the likelihood related to chronic illness, like type 2 diabetes, cancers 

and cardiovascular diseases. As indicated by ACSM in their position stand [4] for 

quantity and quality of exercise for the improvement and maintenance of 

cardiorespiratory fitness, randomized clinical trials of exercise training and meta-

analyses contributed evidence for the causal effects of exercise training for 

improving physical fitness and biomarkers of chronic disease. Nevertheless the 

effort of introducing new short bouts high intensities training strategies, a lot of 

studies and guidelines are based on a downward shift of training intensities in 

order to try to improve exercise adherence in sedentary individuals [4,30,31,89]. As 

indicated by Dishman et al. [6], this aspect is of importance in the physical 

activity domain. A popular theory recently published indicates that the negative 

effect of high exercise intensity on exercise adherence [22,87] is mediated by the 

relationship between exercise intensity and affective responses (low and 

moderate intensity exercise = positive affect; high intensity exercise = negative 

affective). Therefore, it has also been suggested that people should self-select 

their own exercise intensity to elicit a positive affective response during exercise 
[22]. However, to date, there is no evidence that this behavioural intervention 

improves exercise adherence. 

Another mediator of the negative effect of high exercise intensity on exercise 

adherence is perception of effort [6]. Therefore, an intervention that reduces 

perception of effort would be likely to increase exercise adherence in previously 

sedentary people. The easiest way to reduce perception of effort is to reduce 

exercise intensity. Indeed, most guidelines on physical activity recommend 

moderate intensity exercise [15,21,23]. Although it is true that moderate intensity 

exercise confers significant health benefits, vigorous exercise improves health 

and physical fitness even further [27,28,29]. Therefore, an intervention that reduces 

perception of effort without reducing exercise intensity would be highly desirable 
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because it may improve adherence to exercise training without reducing its 

positive effects on health and physical fitness. 

One strategy concerns a concentrated dose of caffeine before each training 

session. Indeed, several studies have shown that pre-exercise caffeine 

supplementation significantly reduces perception of effort [39,40,79]. Moreover, 

these studies have included only subjects with a VO2max above 45 ml*O2
*min-1, 

and there is some evidence that the effect of caffeine on perception of effort is 

positively correlated with VO2max. At the moment, there is a lack of informations 

on how caffeine behaves in a middle term high intensity aerobic training program 

with sedentary individuals. Thus, the primary aim of this study was to analyze 

the effect of caffeine on adherence, physiological and perceptual responses on a 3 

d/wk aerobic training program.  
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3.3 METHODS 

 

Subjects and Ethical issues 

 

Twenty five eligible subjects, 13 addressed in the caffeine group [mean ± SD, 

age 37.62 ± 12.62 yr, height 1.72 ± 0.12 m, weight 74.48 ± 9.69 kg, peak oxygen 

uptake (VO2peak) 32.20 ± 6.73 ml . kg-1 . min-1, peak power output (PPO) 226.92 ± 

74.63 W] and 12 addressed in the placebo group [mean ± SD, age 43.92 ± 10.73 

yr, height 1.63 ± 0.04 m, weight 63.76 ± 5.15 

kg, peak oxygen uptake (VO2peak) 30.13±3.62 ml . kg-1 . min-1, peak power output 

(PPO) 179.17 ± 27.86W ] signed an informed consent form describing the study 

protocol. The eligibility criteria were being between 18 and 45 for men, and from 

18 to 55 for women, being no involved in aerobic activities for more than 3 times 

per week in the past 3 months, being free of any know illness condition and with 

a VO2peak below “GOOD” according the Heyward cardiorespiratory fitness 

classification [27]. All subjects were informed and given written instructions 

describing all procedures related to the study. Participants believed that the study 

was conducted on the effect of two different psycho stimulants on the 

physiological responses during a 12 weeks cycle-ergometer aerobic program for 

the improvement of their fitness. At the end of the last visit, subjects were 

clarified on the real aims of the study, thanked for their participations and they 

were also asked to not talk to the other subjects the real aims of the research.  

 

Study design and procedures 

 

In this study we employed a double - blind, randomized controlled trial design. 

Subjects visited the laboratory and the training centre 39 times, scheduled in 3 

times per week for a total duration of 12 weeks. More precisely, the number of 

the scheduled training sessions were 36, with a pre, mid, and post test visits. 

During the pre-test visit were asked to participants to complete the International 
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Physical Activity Questionnaires (IPAQ) [82] to ensure the absence of any regular 

physical exercise in the last three months. Moreover, subjects were asked to 

complete several psychological questionnaires. Specifically, we asked to filled in 

the EMI-2 questionnaire [90] in order to define their participation motives and 

willingness to be adherent to a middle term physical activity program. Moreover, 

we also asked to the subjects to complete the BRUMS questionnaire [91], a useful 

tool used for the analysis of the mood states. A caffeine questionnaire was also 

administered in order to obtain informations about the frequency and quantity of 

any beverage and food containing caffeine in the last three months. Participants 

were also asked to perform an incremental exercise test (3 min at 50 W + 25 W 

every 1 min with a pedal frequency from 60 to 100 revolutions/min) in order to 

determine VO2 peak and Peak Power Output (PPO) calculated according to the 

equation of Kuipers et al.[83] on an electromagnetically-braked cycle ergometer 

(Lode, Groningen, The Netherlands). Tidal volume (VT), breathing frequency 

(BF), minute ventilation (VE), oxygen consumption (VO2), carbon dioxide 

production (VCO2) and respiratory exchange ratio (RER) were measured using a 

breath-by-breath gas Analyzer (Metalyzer, Cortex, Netherlands) connected to an 

oro–(mouth) mask. The highest VO2 value measured during the test was 

considered maximal (VO2peak) when any two of the following criteria were met: a 

respiratory exchange ratio ≥ 1.15; a maximal heart rate higher than the 90% of 

the subject’s age-predicted maximal heart rate; a plateau in the VO2 with an 

increase in work rate; leg or chest RPE higher than 18 on the 15 point Borg 

Scale. The cycle ergometer was regularly checked for accuracy of power output 

and cadence. Prior to the incremental test the ergometer was adjusted for each 

subject. Settings were recorded to allow the reproduction in the subsequent visits. 

Subjects were familiarized and received instructions for the rating of perceived 

exertion (RPE) using the 15-point scale developed by Borg (Borg, 1998). PPO 

found during the pre and mid tests visit were after used for the training intensities 

definitions (see fig. 13). 
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Figure 13. Schematic representation of the training protocol. Testing time points, relative intensities and volume of 
training are represented. 
 

 

 

After randomization (www.randomization.com), subjects taken either a 240 mg 

caffeine based pills or a placebo pill 1 hour before each training session. Prior to 

the testing session participant informed consent and informations were provided 

in order to refrain from caffeine, nicotine, alcohol and any medication in the 3 h 

prior each training session, as well as to avoid exercise in the 24 h prior the 

scheduled training [84,85]. At each visit subjects were asked to complete a pre-test 

checklist to ascertain that they had complied with the instructions given to them. 

Briefly, the structure of the training program was setup in different phases due to 

the poor fitness level of the subjects. In fact, the total training volume of each 

training session was completed in two or more than two bouts interspersed with a 

passive recovery. We decided to use this strategy also for the other two training 

periods in order to help subjects coping with the task [27,4] (see training program 

characteristics for details). Each training session consisted in either 2 or 3 bouts 

with a defined duration based on the number of the training week. More 

precisely, each subject was asked to pedal 10 min at a defined percentage of their 

PPO obtained during the first visit. Each bout was interspersed with a rest of 3 

min. HR was continuously measured for the entire duration of each bout. 

Perceptual responses to the exercise, i.e. RPE, were measured during the last 15 

seconds of the 1st, 5th and 10th minute of each bout (see Physiological and 

perceptual responses to exercise for details). Each subject completed all the 
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training sessions with a time recovery in between of at least 48 h. Environmental 

conditions during the laboratory were kept constant between 18 and 22 °C for the 

temperature and 45 and 60 % for humidity.  

 

Treatment 

 

Experimental treatment.  

 

Subjects involved in the study were deceived and they were informed of a testing 

of the effects of two different psychostimulants on physiological responses 

during an aerobic training program in order to avoid any changes in perceptual 

responses due to the different composition of the treatment. Every visit, they 

were asked to take either a caffeine based pill or a placebo pill. At the end of the 

data collection subjects were informed of the real nature of the aims of the study 

and the composition of the treatments. The pills were assumed 60 minutes before 

each training session. Than, subjects performed the training program scheduled 

for each visit. The rest interspersed within each bout was 3 minute. Caffeina 240 

 is a commercial available caffeine-based pill. Its caffeine concentration is 240 

mg for any piece. We used a maximal caffeine concentration of 3 mg*kg-1. As 

shown in several studies [40,41,66] subjects rested for 60 minutes after the 

assumption of the pill and warm up. The reason is the required time that is 

needed to achieve the maximum caffeine concentration using the pill formulation 
[40,41]. We decided to use this dosage of caffeine based on studies that 

demonstrated the absence of any side effect in healthy subjects who assumed 

caffeine in a range from 3 to 10 mg*kg-1 [78]. 

 

Control treatment. Control treatment consisted of performing the same protocol 

as indicated in the “experimental treatment” section. The main difference was 

related to the pills that subjects were asked to take. They assumed a normal pill 

with a similar taste compared to caffeine-based pills.  
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Physiological and perceptual responses 

 

HR was measured every 5 seconds for the entire duration of each bout, using a 

heart rate monitor (Polar S610i, Polar Electro Oy, Kempele, Finland). Minute 

ventilation (VE), oxygen consumption (VO2), carbon dioxide production (VCO2) 

and respiratory exchange ratio (RER) were measured using a breath-by-breath 

gas Analyzer (Metalyzer, Cortex, Netherlands) connected to an oro–(mouth) 

mask. This device was calibrated before each test using certified gases of known 

concentration (11.5% O2 and 5.1% CO2) and a 3.0-liter calibration syringe 

(series 5530, Hans Rudolph). The measurement of these parameters was 

performed at pre and post-test. During the last 15 seconds of the 1st, 5th and 10th 

minute of exercise, subjects were asked to rate their perception of effort using the 

15-point Borg Scale [42].  

 

Psychological questionnaires 

 

Mood. Subjects were asked to complete a modified version of the Brunel mood 

Scale (BRUMS) in order to measure mood states [91]. This questionnaire is based 

on the Profile of Mood States, contains 24 items divided into six respective sub-

scales: anger, confusion, depression, fatigue, tension, and vigor. The items are 

answered on a 5-point Likert scale (0 = not at all, 1 = a little, 2 = moderately, 3 = 

quite a bit, 4 = extremely) and each subacale, with four relevant items, can 

achieve a row score in the range from 0 to 16.  

 

Participation motives. Willingness to be adherent with the proposed program and 

exercise motives participation to the sub-maximal aerobic program was measured 

using the exercise inventory motivation questionnaire developed and validated 

by Markland et al. [90]. This questionnaire contains 51 items that are to be 

answered on a 6-point Likert scale (0 = not all true for me, to 5 = very true for 
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me). Therefore, the total scale scores for this questionnaire are based on the 

means of the appropriate items related to its 14 subscales.   

 

Statistical analysis.  

 

All data are presented as mean ± SD. The effects of treatment on adherence 

parameters (number of training sessions attended, total time completed for each 

session, total time completed compared to total time requested by the training 

program) were tested using unpaired t-test between groups.  The effect of 

treatment and the time of testing on outcome measure parameters (VO2 – PPO – 

EMI2 – IPAQ – BRUMS) were tested by using 2 x 2 mixed ANOVAs. The 

effects of treatment on physiological (HR) and perceptual responses (RPE) were 

tested using a 2 x 12 mixed ANOVAs. Due to the high rate of subjects that 

dropped out we were only able to perform an intention to treat analysis using the 

so-called “last carry forward method”.  
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3.4 RESULTS 

 

Effect of caffeine on adherence 

 

As indicated in figure 14 mean attendance on the first 6 weeks of training 

comparing CAFFEINE (M = 12.92, SD = 3.75, N = 13) and PLACEBO (M = 

15.92, SD = 2.54, N = 12) was significantly different t(23) = -2.99, p = 0.030. 

The mean attendance related to weeks 7 to 12 comparing CAFFEINE (M = 4.00, 

SD = 5.34, N = 13) and PLACEBO (M = 8.67, SD = 5.34, N = 12) was 

significantly different t(23) = -4.67  , p = 0.040. The 12 weeks mean attendance 

comparing CAFFEINE (M = 16.92, SD = 7.98, N = 13) and PLACEBO (M = 

24.58, SD = 6.49, N = 12) resulted significantly different t(23) = -7.66, p = 

0.040. Data are presented by mean ± SD. 

 

 
Figure 14 Effect of caffeine on attendance from weeks 1 to 12. ∗ Significant difference (P<0.05). Data are presented 
as mean ± SD. 
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The comparisons of the mean percentage of exercise prescribed completed is indicated 

in figure 15. Indeed, in the first 6 weeks of training the mean percentage of time 

completed comparing CAFFEINE (M = 68.01, SD = 19.46, N = 13) and PLACEBO (M 

= 85.50, SD = 14.19, N = 12) was significantly different t(23) = -17.49, p = 0. 018. 

Comparisons of the mean percentage of time completed during the weeks 7 to 12 

comparing CAFFEINE (M = 14.23, SD = 19.40, N = 13) and PLACEBO (M = 28.83, 

SD = 20.12, N = 12) was not significantly different t(23) = -14.60, p = 0.078 . As 

indicated in fig. 12 C, the comparison between CAFFEINE (M = 47.01, SD = 22.18, N 

= 13) and PLACEBO (M = 68.29, SD = 18.02, N = 12) on the mean percentage of 

exercise prescribed completed between the week 1 and 12 was significantly different 

t(23) = -21.28, p = 0.015. Data are presented by mean ± SD. 

 

 
Figure 15. Effect of caffeine on the percentage of exercise prescribed completed from weeks 1 to 12. ∗ significant 
difference (P<0.05)Data are presented as mean ± SD. 

 
The comparison between caf and plac on the total time completed for each training 

session was found significantly different on Session 12 CAF (6.15 ± 9.71) PLAC (15.00 

± 9.05) t(23) = -8.846, p = 0.027, session 15 CAF (3.46 ± 7.47) PLAC (11.00 ± 9.94) 

t(23) = -7.538, p = 0.042, session 17 CAF (7.38 ± 8.86) PLAC (15.00 ± 7.85) t(23) = -

7.615, p = 0.033, session 21 CAF (10.77 ± 10.377) PLAC (18.33 ± 5.774) t(23) = -

7.564, p = 0.036, session 22 CAF (5.62 ± 7.29) PLAC (11.33 ± 5.82) t(23) = -5.718, p = 

0.042, session 33 CAF (0.81 ± 5.46) PLAC (5.33 ± 8.77) t(23) = -4.521, p = 0.027, 

session 35 CAF (1.00 ± 3.61) PLAC (6.33 ± 7.90) t(23) = -5.333, p = 0.027 (Fig. 16).  
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Figure 16. Effect of caffeine on the total time performed for each training session. § Mean total time performed for 
each training was significantly different. Data are presented by mean ± SD. 

 
 

Effect of caffeine on psychological questionnaires 

 

Results on BRUMS questionnaire did not reveal any significant treatment x time 

interaction between caf_pre (5.64 ± 2.54) plac_pre (4.33 ± .888) and caf_post 

(5.45 ± 4.37) (N=13) plac_post (4.00 ± 2 .80) on ANGER (p = 0.700) There was 

not significant main effect of time (p = 0.910). There were not significant 

treatment x time interaction between caf_pre (5.73 ± 1.90) plac_pre (4.25 ± .872) 

and caf_post (5.27 ± 4.08) plac_post (3.75 ± 2.72) on CONFUSION (p = 0.976) 

There was not significant main effect of time (p = 0.527 ). There was not 

significant treatment x time interaction between caf_pre (5.09 ± 2.21) plac_pre 

(4.33 ± .461) and caf_post (5.27 ± 3.95) plac_post (3.83 ± 2.86) on 

DEPRESSION (p = 0.807). There was not significant main effect of time (p = 

0.601). There was not significant treatment x time interaction between caf_pre 

(6.45 ± 2.84) plac_pre (5.08 ± 1.24) and caf_post (7.64  ± 5.22) plac_post (4.67 ± 

3.75) on FATIGUE (p = 0.700) There was not significant main effect of time (p = 

0.910). There was not significant treatment x time interaction between caf_pre 
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(5.73 ± 1.90) plac_pre (5.33 ± 1.30) and caf_post (4.82 ± 3.17) (N=13) plac_post 

(3.67 ± 2.50) on TENSION (p = 0.582) There was not significant main effect of 

time (p = 0.071). There was not significant treatment x time interaction between 

caf_pre (10.82 ± 1.89) plac_pre (11.42 ± 2.23) and caf_post (8.55 ± 5.41) (N=13) 

plac_post (8.67 ± 6.47) on VIGOUR (p = 0.867) There was not significant main 

effect of time (p = 0.089) (Fig.17). Moreover, none of the six mood dimensions 

presented any main effect (P>0.05).  
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Figure 17. Effect of caffeine on pre-post test Brums questionnaire..A) Anger B) Confusion C) Depression D) Tension 

E) Fatigue F) Vigour.  
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The analysis of the exercise motives participation performed by using the EMI2 

questionnaire revealed that there were not any interaction in the pre-post test on 

affiliation caf_pre (1.59 ± .96) plac_pre (2.10 ± 1.32) and caf_post (1.23 ± 1.04) 

plac_post (1.20  ±1.22)  (p = 0.370), appearance caffeine_pre (2.11 ± 1.28) 

plac_pre (2.25 ± 1.31) and caf_post (1.82 ± 1.44) plac_post (2.18 ± 1 .82) (p = 

0.685), enjoyment caf_pre (2.11 ± 1.28) plac_pre (2.25 ± 1.31) (N=12) and 

caf_post (1.82 ± 1.44) plac_post (2.18 ± 1 .82) (p = 0.643), health pressure 

caf_pre (2.11 ± 1.28) plac_pre (2.25 ± 1.31) and caf_post (1.82 ± 1.44) plac_post 

(2.18 ± 1 .82) (p = 0.855), hill health avoidance caf_pre (3.64 ± .81) plac_pre 

(2.69 ± 1.18) and caf_post (2.85 ± 1.69) plac_post (2.92 ± 1.51) (p = 0.394), 

nimbleness caf_pre (2.94 ± 1.14) plac_pre (3.14 ± 1.18) and caffeine_post (2.12 

± 1.42) plac_post (2.66 ± 1 .48) (p = 0.597), positive health caf_pre (3.88 ± .934) 

plac_pre (3.53 ± 1.04) and caf_post (2.72 ± 1.84) plac_post (3.11 ± 1.35) (p = 

0.227), revitalisation caf_pre (3.15 ± 0.77) plac_pre (3.27 ± 1.13) and caf_post 

(2.45 ± 1.65) plac_post (3.25 ± 1 .42) (p = 0.324), social recognition caf_pre 

(1.20 ± 1.21) plac_pre (0.85 ± 0.92) and caf_post (0.86 ± 0.93) plac_post (0.75 ± 

0.72) (p = 0.364), strength and endurance caf_pre (2.61 ± 1.31) plac_pre (2.35 ± 

1.27) and caf_post (2.11 ± 1.49) plac_post (2.10 ± 1.33) (p = 0.696), weight 

management caf_pre (2.77 ± 1.24) plac_pre (3.29 ± 1.08) and caf_post (2.18 ± 

1.35) plac_post (2.65 ± 1.31) (p = 0.929), challenge caf_pre (2.25 ± 1.87) 

plac_pre (1.92 ± 1.34) and caf_post (1.75 ± 1.65) plac_post (2.22 ± 1.79) (p = 

0.481), competition caf_pre (1.32 ± 1.28) plac_pre (0.72 ± .71) and caf_post 

(0.85 ± 0.94) plac_post (0.49 ± 0.76) (p = 0,442) and stress management caf_pre 

(2.65 ± 0.88) plac_pre (1.86 ± 1.24) and caf_post (2.93 ± 1.15) plac_post (2.22 ± 

1.34) (p = 0.819). Affiliation, positive health, competition and stress 

management significantly changed over time (P < 0.05) (Fig. 18).  
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Figure 18. Effect of caffeine on EMI2 questionnaire. A) AFFILIATION § B) APPEARANCE C) ENJOYMENT D) 

HEALTH PRESSURE E) HILL HEALTH AVOIDANCE F) NIMBLENESS G) POSITIVE HEALTH §. H) 

REVITALISATION I) SOCIAL RECOGNITION L) COMPETITION § M) WEIGHT MANAGEMENT. N) 

STRENGTH ENDURANCE O) CHALLENGE. P) STRESS MANAGEMENT § significant main effect of time 

(P<0.05). Data are presented by mean ± SD 

 

Data analysis on the general level of physical activity measured by the 

International Physical Activity Questionnaire showed some significant 

differences comparing the pre – post test values. More precisely, significantly 

differences were found between caf_pre ( 0.18 ± 0.60) plac_pre (0.15 ± 0.51) and 

caf_post (0.82 ± 1.40) plac_post (2.08 ± 1.31) on IPAQ HIGH INTENSITY 

DAYS (p< 0.05, p = 0.028), caf_pre (0.18 ± 0.60) plac_pre (0.13  ± 0.31) and 

caf_post (5.45 ± 9.44) plac_post (16.67 ± 10.73) on IPAQ HIGH INTENSITY 

MINUTES (p< 0.05, p = 0.014). These two parameters presented also a 

significant main effect of time (p< 0.05, p = 0.000). There was not a significant 

treatment x time interaction between caf_pre (0.91 ± 1.45) plac_pre (1.00 ± 1.04) 

and caf_post (1.55 ± 1.92) plac_post (1.17 ± .937) on IPAQ MODERATE 



 61 

INTENSITY DAYS (p = 0.374) There was not significant main effect of time (p 

= 0.135). There was not significant treatment x time interaction between caf_pre 

(12.27 ± 19.92) plac_pre (15.50 ± 16.90) and caf_post (11.36 ± 13.80) plac_post 

(19.25 ± 19.67) on IPAQ MODERATE INTENSITY MINUTES (p = 0.594) 

There was not significant main effect of time (p = 0.745). There was not a 

significant treatment x workload interaction between caf_pre (3.91 ± 1.76) 

plac_pre (4.58 ± 2.43) and caf_post (3.64 ± 2.11) plac_post (3.92 ± 2.39) on 

IPAQ WALKING DAYS (p = 0.647). There was not a significant main effect of 

time (p = 0.281). There was not a significant treatment x workload interaction 

between caf_pre (34.55 ± 50.86) plac_pre (33.33 ± 24.34) and caf_post (34.27 ± 

32.72) plac_post (30.92 ± 33.11) on IPAQ WALKING MINUTES (p = 0.898). 

There was not a significant main effect of time (p = 0.873). There was not a 

significant treatment x time interaction between caf_pre (409.09 ± 153.72) 

plac_pre (345.00 ± 133.25) and caf_post (433.64 ± 141.58) plac_post (365.00 ± 

121.24) on IPAQ SEATED MINUTES (p = 0.898). There was not a significant 

main effect of time (p = 0.217) (Fig.19). 
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Figure 19. Effect of caffeine on IPAQ. A) IPAQ HIGH INTENSITY DAYS. B) IPAQ HIGH INTENSITY 

MINUTES C) IPAQ MODERATE INTENSITY DAYS D) IPAQ MODERATE INTENSITY MINUTES E) IPAQ 

WALKING DAYS F) WALKING MINUTES G) IPAQ SEATED MINUTES. # * Significantly different (P<0.05) 

.Data are presented by mean ± SD.  

 

 

Effect of caffeine on physiological and perceptual responses 

 

The pre-post test analysis of the PPO did not show a significant treatment x 

workload interaction between caf_pre (234.09 ± 79.27) plac_pre (179.17 ± 

27.87) and caf_post (245.45 ± 86.47) plac_post (193.75 ± 26.38) (p = 0.683). 

There was a significant main effect of time (P<0.05) (p = 0.003) (Fig. 20a). 

Moreover, there was not a significant treatment x workload interaction between 

caf_pre (33.05 ± 7.00) plac_pre (30.13 ± 3.62) and caf_post (34.00 ± 8.86) 

plac_post (32.22 ± 6.34) on VO2 PEAK (p = 0.462). There was not a significant 

main effect of time (p = 0.058) (Fig. 20b).  
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Figure 20. Effect of caffeine on PPO (A) and VO2 peak (B). § significant main effect of time (P<0.05). Data are 

presented by mean ± SD. 

 

 

 

Comparisons of the average HR and RPE obtained on the fifth minute of the first 

bout of the first session of the week in the two different conditions during the 12 

weeks of training did not reveal a significant interaction between treatment and 

workload respectively on HR (p = 0.856) (Fig 21) and RPE (p = 0.487) (Fig 22). 

Significant main effects of time were found on HR and RPE (P < 0.05). 
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Fig. 21 Effect of caffeine on HR. There was not significant treatment x workload interaction on HR ( p = 0.856) 

♯significant main effect of workload (p< 0.05, p = 0.001) Data are presented by mean ± SD. 
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Figure 21 b) There was not significant treatment x workload interaction on RATING OF PERCEIVED EFFORT  (p 

= 0.487) ♯ significant main effect of workload (p< 0.05, p = 0.001) Data are presented by mean ± SD 
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3.5 DISCUSSION 

 

The purpose of the second study was to test the efficacy of a 200 mg caffeine pill 

administered 60 minutes before an aerobic session in order to reduce RPE and 

increase exercise adherence in previously sedentary subjects. Due to the poor 

presence of studies related to this topic, it is difficult to make comparisons 

between our results and results coming from other researches. One of the reasons 

is related to the fact that randomized trial with longitudinal data collection are 

mainly based on behavioral strategies and not on nutritional as we proposed. On 

the basis of the small number of results published on peer review journals, we 

have found a really different outcome in terms of RPE. Indeed, while Shrader P. 

et al. [95] found a significant reduction of perceived exertion over time our results 

indicated a main effect of workload over time in increasing RPE without any 

difference between caffeine and placebo. Nevertheless, it is important to note that 

Shrader P. [95] for his double blind randomized controlled trial used a training 

protocol based on a running treadmill, and not on a cycle ergometer. Moreover, 

the relative intensity of the training ranged from 60 to 70 % of the maximal heart 

rate of the subjects involved in the study, whilst in our study subjects performed 

more than 50 % of the total time of the planned training program over 80 % of 

their HR max. For this reason, is still complicated to make comparisons between 

studies of this methodology. The analysis of HR during the 12 weeks of training 

showed a significant increase over time due to the increased workload. 

Adherence to the exercise in this study was measured as attendance, percentage 

of the exercise prescribed completed and minutes of exercise completed for each 

session. Overall, all the measured adherence parameters were found significantly 

better in the subjects that were asked to take placebo rather than caffeine group. 

Those results are in contrast compared to the little amount of data useful for 

making some comparisons [31,89,96]. Another study, performed by Judice P.B. et 

al. [8], showed results in line with what we found in our data collection. Indeed, 

they found a negative relationship between caffeine and increase of physical 
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activity level. As indicated on the aforementioned lines, it would not be possible 

to make comparisons between this study and our data collection and results, 

because of the very short duration of the protocol (4 days) and also for the nature 

of the training, based on short bout of physical exercise and total energy 

expenditure during the day. Nevertheless, due to the lack of studies present on 

this topic, it is possible to declare that the results on caffeine assumption and 

physical activity increase are in contrast. A possible explanation for the results 

coming from our randomized controlled trial is based on the likelihood of 

presence of a type I error. A possible explanation of this error comes from the 

results of the psychological questionnaires performed on the study. More 

specifically, it is well known that some psychological aspects like i.e. motivation 

and exercise motives participation have a clear implication on the initiation and 

maintenance of an exercise program [90]. The mood dimensions and the exercise 

participation motives of the two groups were not significantly different between 

them and also compared to pre-post, thus it is possible to explain an opposite 

result by the presence of a type I error.  

One weakness of this study was that we did not measure the real amount of 

circulating caffeine at the time of the training session. This could have given the 

possibility to better understand and to check the participants’ states of caffeine 

withdrawal. Moreover, due to the very poor fitness level of the athletes, also the 

scheduled training intensities progression could have represented a problem on 

the attrition of the subjects to the program.  
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3.6 CONCLUSIONS 

 

This study demonstrated that there is not any effect of caffeine on perception of 

effort and adherence improvement in sedentary subjects. From a physiological 

point of view, due to a reduction in total time of training and percentage of total 

training completed we do not have demonstrated an improvement in aerobic 

fitness. On the other hand, adherence for the placebo group is resulted 

significantly different compared to caffeine.  
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CHAPTER 4 
 
GENERAL CONCLUSIONS 
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4.1 CONCLUSIONS 

 

Overall, this thesis was performed in order to better understand the 

psychobiological mechanisms that regulate exercise behaviour in sedentary 

individuals. To date, our studies are included in the very small number of 

researches that were performed using a nutritional strategy, i.e. caffeine. One of 

the most important results of our thesis is represented by the ability to reduce 

perception of effort independently from the intensity of the exercise. The 

different results obtained on the second study, indicated in the aforementioned 

sections need to be assessed as a primary and not definitive outcome on the 

research process of this area. The higher rate of dropouts and the presence of a 

type I error are aspects necessary to be taken into account for new study in which 

will be possible to control also for the weakness that this research demonstrated.   

Therefore, the first study demonstrated that either 200 or 400 mg of caffeine 

administered 15 minutes before the exercise on a chewing gum based 

formulation were able to significantly reduce RPE at 80 % of PPO compared to 

placebo. This was the first study demonstrating that is possible to reduce RPE 

acting centrally on sedentary individuals using a psychoactive drug as caffeine 

without producing any significant detrimental effect on cardiovascular 

parameters. Based on exercise guidelines i.e. ACSM [4], this relative intensity is 

related to a higher rate of drop out, as demonstrated in several studies [31,89]. On 

the basis of those findings and on the psychobiological model applied to physical 

activity domain we concluded that caffeine could be used in exercise programs of 

moderate to long duration as an effective tool for the improvement of exercise 

adherence in previously sedentary individuals. Unfortunately, the results 

obtained on the second study were not as expected as claimed on the aims of the 

study. Indeed, 200 mg of caffeine took 60 minutes before each training session 

did not reduce perception of effort. Moreover, the comparisons on the analyzed 

adherence parameters like the percentage of the time completed, the attendance 

and the total time completed for each session of the planned program, 
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demonstrated that the placebo group significantly increased all those aspects 

during the 12 weeks of training whilst the caffeine group did not produce any 

significant improvement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 73 

AKNOWLEDGMENT  

The ends of each long run give to the individual a degree of freedom and a sense of 

effort that usually are respectively the biggest and the lowest ones. This Thesis 

represents for me one of the most tricky and demanding challenges of my life since I 

started to work in the scientific world. I tried to do my best, and I did at the level at 

which I have been able to reach during this travel. First of all, I want to express my 

gratitude to the opportunity that my supervisor, Samuele Marcora, gave to me to open 

my mind, to reach a personal very high standard in terms of scientific criticism, skills, 

methodologies and also to discover the very fascinating and interesting world of the 

psychobiological aspects related to the human exercise. I also want to thank the other 

supervisor and former Coordinator of the PhD course in science of physical exercise 

and human movement, Prof. Federico Schena, for all the support and the understandings 

that I needed during my PhD program. Franco Impellizzeri for the friendship, the 

respect and all the opportunities and discussions that helped me to increase the 

motivation and the needs of culture and science. All my former and present colleagues, 

especially Maurizio Fanchini, Marco Beato and Giuseppe Coratella for their support 

and the great moments that we had together during these years. 

Finally I wish to thank all the friends, the real ones, Luca and Cristian, that are very 

close to me every day for their patience and their support. A special thanks to Riky, 

more than a friend, I will always be grateful to Giorgio for our first meeting. I want to 

thank my family, my father for all the values that you gave me, my sister and my 

cousin, Cristina for supporting me in each situation.   

In the end I want to say thank to the 2 most important women of my life. I will always 

be very grateful to you, mamma, you that gave me the strength to go beyond every 

single problem that I’ve met and to the new ones that I will encounter. You, that are a 

very deeply emptiness on my journeys, you will be always in my heart and I want to 

dedicate to you this Thesis. Last, but certainly not least, thank you to you my sweet love 

Erika. You are my survival in the doldrums and hard times, and my special daily delight 

in the joyful circumstances. Thank you for your infinite support, for all the moments 

that you spent and are still spending in everywhere for our future, and especially thank 

you for being who more than everyone is willing to hear me and to believe in me and 

us. I will always be deeply grateful to you. 
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