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1. Preface 

This thesis is inspired by the experiences I had working at a residential care facility 

while studying for my Master’s Degree. My work consisted of physical rehabilitation of the 

older adults who lived there. Despite all my efforts to customize the activities and to 

advance progression and differentiation of the stimuli proposed on a daily basis, results 

varied greatly. Subjects often responded very well to some series of exercises one day, 

while they behaved opposite the day after. Other times, hard-won progress over a long 

period of time was completely and instantly reset by external influences that were not 

directly attributable to the physical sphere. Fortunately, however, sometimes individuals 

who had in previous months shown no progress at all, showed a sudden increase in their 

physical health status, without any clear reason. I could not find explanations for these 

changes and “strange’’ patterns of development, and they raised questions that I tried to 

solve with the work and the articles presented in this thesis. 

The same situation occurred when I started my research. During the first years, I 

was involved in a great Italian project called ACT ON AGEING, developed at the Department 

of Psychology at the University of Torino by Professor Silvia Ciairano. ACT ON AGEING 

aimed to increase the physical and cognitive health status in a large sample of older adults 

through the implementation of different interventions. Despite the good and general 

success of the project, results were heterogeneous in this instance as well, with some 

participants improving greatly, while others showed no change or even experienced 

worsening health conditions. 

My involvement in the ACT ON AGEING project presented me with the 

opportunity to find answers to the following questions: why did our interventions, which 

are specific, scientifically valid and supported by literature, not produce consistent results 

in most of the participants? Why did similar stimuli on different days create different 

outcomes? How could external events change or reverse trends that were built week after 

week? 

Fortunately, some research helped me find at least one way to answer my 

questions. I started reading books that dealt with complex systems from a philosophical, 

biological, economical point of view, and even though the topics were so far removed from 

my own field of interest, I found page after page of possible similarities between these 

disciplines and my specific and concrete questions. I learned that complex and Dynamic 

Systems were also studied and developed in Psychology. Specifically, one of the most 

important research groups in Dynamic Systems is the one at the Department of 

Developmental Psychology at the University of Groningen. This was particularly fortuitous 
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because my late PhD promoter Prof. Silvia Ciairano defended her PhD thesis at the 

Groningen University, and since she had an “international soul”’’ (something she had 

passed on to her students) she suggested that I contact Prof. Saskia Kunnen and Prof. Paul 

van Geert in order to discuss my doubts and possible solutions. 

Three years later, I am not sure whether the results I have found and the route I 

have walked have brought me to the final solution of my initial questions, but one thing is 

for certain: I learned a lot about human development and I acquired a “new pair of glasses” 

that helped me look at the world in a different way. 

 

 

 

 

 

Il senso della ricerca sta nel 

cammino fatto e non nella meta; il fine 

del viaggiare è il viaggiare stesso e non 

l’arrivare. 

(TizianoTerzani, 2006) 

The sense of research is done 

in the journey, not the destination; the 

end of the travel is the travel itself and 

not the arrival. 

(TizianoTerzani, 2006) 
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2. Demographic changes 

2.1 The old Europe 

The ageing of European society is well described and projected by the statistics of 

the World Health Organization and Eurostat. These statistics show that the general 

population is expected to face a slight increase between 2008 and 2060 (2.1%), and the 

aged population (65 years and over) is expected to show a huge growth rate in the same 

period (80%) (Eurostat, 2012). As a consequence, 33% of the European population is 

expected to be composed of aged people in 2060 (Giannakouris, 2008). 

The decrease of the birth and fertility rate together with the increase of the 

number of older adults will generate a change in the population pyramid (Pollack, 2005): 

the base of the pyramid (infants and children) will get smaller, while the top will get 

substantially larger (Giannakouris, 2008). 

If we imagine the European population as a pie, we can see that the slice of the 

older adults (over 65 years) is gradually becoming the largest slice. Eurostat (2012) reports 

that in 2000, 15.6% (min. 5.4% max. 18.1%) of the population consisted of people over age 

65. Over the course of ten years, this percentage increased steadily until in 2010 it had 

risen to 17.4% (min. 7% and max. 20.7%)., A similar trend can be seen for the people aged 

80 and over. 

A relevant aspect of this change in the population is the so-called old-age 

dependency ratio. The old-age dependency ratio is defined as the rate between the 

number of economically inactive older adults and the number of persons of working age 

(Eurostat, 2012). Longitudinal European data from 1990 to 2010 (Eurostat, 2012) show an 

increase of 5.3% of this indicator (20.6% in 1990, 23.2 % in 2000, and 25.9% in 2010). This 

means that in 1990 in the European zone, for each inactive aged person, there were five 

who were economically active. In 2010, this ratio was 1:4. The Eurostat projections 

(Giannakouris, 2008) reveal a steady increase of this rate until 2060, when the rate is 

estimated to be 52.5% (this means that for each economically inactive aged person, there 

will be two economically active persons). These trends are relevant for both national and 

European governments, because social and economic adaptations will be necessary in 

answer to the new demands of the population. 

2.2 Theories of ageing 

The demographic analysis has shown that the European population is growing old 

rapidly. Next, we will focus on the age-related process, in order to understand what 

happens during the later part of life. 
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The current theories assume that age-related development is a complex and 

multifactorial process (Weinert & Timiras, 2003) in which three components play a role: the 

internal factor (i.e., genetics), the external factor (i.e., environment), and the stochastic 

factor (i.e., random events). These factors interact with each other to cause the ageing 

process. Theories that seek to understand the mechanism behind the ageing process aim to 

define why and how a person ages. The main theories of ageing are: (i) the evolutionary 

theory, which states that ageing is due to a lack in selection; (ii) the molecular theory, 

which states that the changes in genes expression are the main cause of senescence; (iii) 

the cellular theory, which states that senescence as a process is related to the cellular limits 

in replications, with a consequent alteration in the cells’ physiology; (iv) systemic theories, 

which focus on the incapacity of the whole organism to maintain and control organs and 

systems and the inability to communicate and adapt environmental requests (Franceschi et 

al., 2000; Kirkwood, 2002; Kirkwood & Kowald, 1997; Weinert & Timiras, 2003). These 

theories will not be extensively discussed here, but it is important to note that they are not 

mutually exclusive and can act simultaneously. 

In general, we can say that the ageing process is characterized by a loss of 

homeostasis (defined as the propriety that a system has to maintain its internal 

environment’s stability) and a reduced ability to respond to the external requests (Weinert 

& Timiras, 2003) that causes an increase in incidences of disease and finally death. These 

descriptions make it clear that ageing is a period of change that involves the whole person. 

2.3 Life expectancy 

In order to understand the demographic change and its consequences, it is 

important and necessary to consider the most used and common population index, the Life 

Expectancy (LE), which is the expected numbers of years remaining at a certain age. 

As previously described, the population is getting older. This demographic change 

is due to improvements in living conditions and medicine and medical care amelioration, 

with a decline in deaths due to infectious and cardiovascular diseases (Weinert & Timiras, 

2003; Zweifel, Felder & Meiers, 1999). LE indicators (measured at birth, at 60 years, and at 

65 years) may provide further information about the ageing trends. 

Regarding the European population median age Eurostat data (Giannakouris, 

2008) report a value of 40.4 years in 2008. For 2060 a median age of 47.9 years is 

estimated. 

Over the years, LE has increased considerably. LE at birth in Europe is currently at 

79.6 years (min 68 - max 85; WHO 2009), and between 1999 and 2009, LE at birth 

increased from 76,5 years (73 years for men and 79.6 for women) to 79.6 years (76.7 for 
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men and 82.6 for women) (Eurostat, 2012). A similar trend is visible in the LE at age 60, 

when the European population has a mean value of 23.1 years (min. 18.65 – max. 25). In 

the period between 1999 and 2009 the mean LE at age 60 increased from 20.6 years (18.5 

for men and 22.7 for women) to 23.1 years (21.1 for men and 25.1 for women). 

Finally, the LE at age 65 is currently 19.1 years (min. 14.25 – max. 21). In 2009 the 

mean LE at age 65 for men was 17.3 years and 20.9 for women. In 1999 the same index 

was 14.9 years for men and 18.5 years for women (mean value of 16.7 years, Eurostat, 

2012). 

The data mentioned above emphasize the magnitude of the demographic change 

in a very short period of time. It demonstrates the general ageing of European society and 

how the last phase of life has become longer, resulting in a large increase in the so-called 

“old elderly” (80 years and over) population (Eurostat, 2012). 

These data show a great achievement of contemporary society which, in 

combination with the amelioration of living conditions and medical progress, allows us to 

live longer. 

2.4 Healthy Life Years 

In the next chapters we will elaborate on the concept of healthy life years (HLY). 

This concept is connected to LE and is defined as the life expectancy in good health. 

As will be argued later on, Eurostat data (2012) highlight opposite trends for LE 

(increasing as highlighted above) and HLY (decreasing). The information derived from 

Eurostat tables, based on the entire EU population in the period between 2004 and 2010 

shows an unhealthy life expectancy at birth of 20 years for women and 15 years for men in 

2010, and these values are higher when compared to 2004. A similar trend is observable in 

the HLY at age 65. From 2004 to 2010, this decreases from 9.7 to 8.8 years (12.1 unhealthy 

years) for women, and from 9.1 to 8.7 years for men (8.6 unhealthy years). 

Data about the HLY are extremely important, because quantification of the healthy 

life expectancy of European population can serve as the basis for research designs, clinical 

interventions and sustainable policy actions that aim to increase healthy life expectancy of 

the aged populations. These actions may result in not just a longer but also a healthier life, 

with possible positive repercussions on both an individual and a societal level. 

2.5 Overview 

“Add life to years and not only years to life”; this could be the final statement of 

this section. In order to maintain or increase quality of life, it is necessary to study the 
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underlying mechanisms of health in the ageing process and to use these conceptual notions 

as a springboard to the implementation of preventive interventions. The use of preventive 

strategies may have an impact on: (i) the individual level, with the reduction of the 

unhealthy life expectancy, an increase of the autonomy and a consequent reduction of 

institutionalization rate; (ii) societal level, with a decrease of direct (i.e., hospitalization) and 

indirect (i.e., loss of quality of life) costs in association with an increase of healthy and 

active population. 

These premises are the basis of the construct of Health-Related Quality of Life 

(HRQOL), a central topic in the study of the ageing process. The next section addresses 

HRQOL and will explain its nature and definition. 

3. Health-Related Quality of Life 

Health-related topics are relevant on an individual and societal level due to the 

current demographic changes and how society is ageing. This study deals with health-

related topics during the ageing process using the construct of Health-Related Quality of 

Life (HRQOL). 

3.1 Definition and background 

3.1.1 Health and health models 

Health was defined by WHO (1948) as “a state of complete physical, mental and 

social well-being and not merely the absence of disease or infirmity”. This definition was 

revolutionary because it reversed the classical point of view; it conceptualized health in a 

positive way, focusing not on diseases or limitations, but on well-being. Additionally it 

proposes a multidimensional construct of health, including physical, mental and social 

determinants, stating that a complete state of health must concern the well-being in each 

of these domains, and not only in physical-biological aspects. 

The biopsychosocial model was developed using the definition of health as a 

starting point (Engel, 1977). This model defined health as continuum trend-line (from worst 

to best possible health). The biopsychosocial model is in contrast with the classical 

biomedical model, in which the categories “health” and “infirmity” are on opposite sides of 

spectrum. Furthermore, the biopsychosocial model considers interconnections and mutual 

influences among health domains, with the use of a systemic approach, based on systems 

theory (Engel, 1977). Conversely, the biomedical model adopts a mechanistic and 

reductionist approach, allowing only linear and causal relationships from a lower level 

(biological functions) to a higher level (general health; Engel, 1977). 
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Figure 1 - Number of papers on QOL 

However, despite the large number of QOL studies, this construct remains “an 

amorphous concept, that is used in many disciplines – geography, literature, health 

economics, advertising, health promotion and medical and social science” (Bowling, 1999). 

One of the most important and common problems concerning QOL is that it is an umbrella 

term, in which, theoretically, all the aspects of life are included (Bowling, 1999). Because 

the construct is so broad, it is difficult to operationalize and measure ( because it may have 

different meanings in different fields of interest (cf. Farquhar, 1995; Hunt, 1997). 

The concept of HRQOL was developed in order to make QOL less broad. HRQOL is 

based on the perceived impact of the health status (Testa & Simonson, 1996). HRQOL 

narrows the focus to the physical, mental and social domains of health, that are seen as 

aspects that can be influenced by intra- and interindividual influences. Furthermore, 

aspects of QOL such as cultural, societal or political factors, which are not included in the 

definition of health, are excluded from the concept of HRQOL (Ferrans, Zerwic, Wilbur, & 

Larson, 2005). 

HRQOL was defined as a personal and dynamic concept, because it is a self-

evaluation of health and an internal process which may be influenced by complex 

interactions of factors (Allison, Locker & Feine, 1997; Bastani & Kiadaliri, 2011; Dempster & 

Donnelly, 2000; Morris, Suissa, Sherwood, Wright & Greer, 1986). Although HRQOL is thus 

seen as a dynamic concept, research mainly addresses it in a static manner. 

HRQOL is a useful concept to study how processes act on a person and predictions 

of negative health outcomes (Theofilou, 2011). Specifically, on the one hand HRQOL 

measures are used to test the effectiveness of interventions (as an example: Sillanpää, 

Häkkinen, Holviala, &Häkkinen, 2012) and diseases (cf. Lam & Lauder, 2000).In order to 

understand whether changes in HRQOL reflect clinically meaningful differences as well, 

statistically based methods were developed (Crosby, Kolotkin & Williams, 2003). These 

methods aim to identify the smallest possible changes in HRQOL that reflect a change in 

clinical differences and patient management. On the other hand, especially in older adults, 

measures of HRQOL are used as indicators of negative health outcomes (cf. Dominick, 

Ahern, Gold, & Heller, 2002; Tsai, Chi, Lee, & Chou, 2007). 

Finally, HRQOL measures may be useful for national and supranational policy 

makers in order to understand whether health-related objectives are being reached and to 

implement substantial and efficient strategies to enhance the general standard of health 

and perceptions of individuals (Theofilou, 2011). 
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4. Overview of the thesis 

4.1 General aim 

Despite the important role of HRQOL as an outcome and predictor measure, there 

currently are still some gaps in the conceptualization and measurement of the construct. 

From a conceptual point of view, a great number of conceptual models have been 

developed resulting in a high number of instruments, with a low coherence. Furthermore, 

the most generally adopted conceptual models are based on a biomedical approach 

(Wilson & Cleary, 1995), while an approach based on the biopsychosocial model may result 

in a better comprehension of the construct. From an applicable point of view, studies that 

reported how HRQOL develops during time and how the different domains are related to 

each other during time are lacking. 

Especially these two topics – the development over time and the interrelations 

between domains – need further study, because insight into these topics may result in a 

better understanding of the nature and development of HRQOL, with possible interesting 

applicable solutions in the area of health promotion and prevention of negative health 

outcomes during the ageing process. 

The general aim of the thesis is to apply a Dynamic Systems approach to the 

construct of HRQOL, with the possibility to expand the conceptualization of the construct 

and to analyze dynamic trends and characteristics over time in older adults. 

4.2 Structure 

This thesis is a collection of papers. Specifically, three papers are included in the 

thesis. They cover the general aim of the thesis, starting with a conceptual study and 

arriving at an empirical investigation. Each paper follows the previous one, and the entire 

thesis creates a kind of framework in which the construct of HRQOL is studied using a 

Dynamic Systems approach. Each paper represents a chapter of the thesis. 

The aim of the second chapter is to present a conceptual model of HRQOL based 

on Dynamic Systems theory. To do so, after a first look at demographical trends and age-

related health changes, the chapter focuses on existing models of HRQOL, as we try to find 

common points and current limitations. Furthermore, similarities between HRQOL and 

Dynamic Systems are presented as well as a conceptual model that meets all the cited 

requirements is. Next, the operationalization of the model is presented, in order to give an 

applicable translation of the conceptual assumptions. Finally, possible developments as 

well as limitations of the model are presented. 
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The third chapter is connected to the second one, and in particular aims to analyze 

the validity of the conceptual model through the construction and validation of a 

mathematical dynamic systems model that represents the conceptual model. In this 

chapter, the connections and the theoretical assumptions made in the previous chapter are 

translated into a numerical form by the application of non-linear equations as generally 

used in Dynamic Systems modeling. The construction of this model is a necessary step in 

order to analyze the ability of the conceptual model to catch salient information of HRQOL. 

To test this ability, the mathematical model is tested by means of a twofold procedure with 

empirical data. Results show a good fit of the mathematical model with these data. Because 

the model is developed to represent the theory, and not just to describe variations in a 

data set, such as Structural Equation Models, this fit strongly indicates that the theoretical 

model is satisfactory. Additionally, this chapter presents possible further research and 

applications, as well as current limitations. 

Finally, the fourth chapter, using the theoretical basis developed in the conceptual 

model as a starting point, analyzes daily trends of HRQOL in a small sample of 

institutionalized older adults.  

In chapter three, we found evidence for the validity of our assumption that 

development of HRQOL can be viewed as a dynamic system. The perception of HRQOL as a 

dynamic system that changes over time opens new possibilities for research. An important 

characteristic in dynamic behavior, which reveals much information about the process, is 

variability, and especially the changes in variability over time. For that reason, in chapter 

four we investigate whether and how patterns of variability can provide relevant 

information about the development of HRQOL in individuals. Chapter four argues that the 

participants show dynamic and unstable daily HRQOL sequences during the research 

project (100 days) and it is demonstrated that day-to-day variability is related to health 

trends and final state. By starting from variations in intra individual data sets, this chapter is 

an attempt to study HRQOL from a Dynamic Systems perspective. The results seem to 

confirm our theoretical expectations, even if, especially in this case, extreme caution must 

be taken in the data handling, since the sample size is very limited. 

At the end of the three main chapters, a general conclusion is presented, with the 

aim to summarize the work, the principal results, applicable solutions and further steps that 

must be addressed. Aims, methods, results and conclusions for each study are summarized 

in Table 1. 
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Chapter 2Chapter 2Chapter 2Chapter 2    
Older adults andOlder adults andOlder adults andOlder adults and    Health Related Quality of Life: a conceptual model based on a dynamic Health Related Quality of Life: a conceptual model based on a dynamic Health Related Quality of Life: a conceptual model based on a dynamic Health Related Quality of Life: a conceptual model based on a dynamic 

systems perspectivesystems perspectivesystems perspectivesystems perspective    

Aims 

1. To discuss if the construct of HRQOL may be associated and conceptualized with a 

dynamic systems approach 

2. To present a new conceptual model of HRQOL in the aged population, based on dynamic 

systems theory 

Methods 

This is a conceptual study. The concept of HRQOL was analyzed in light of a dynamic systems 

approach. Furthermore, a conceptual model was designed including salient characteristics 

and their relations during time 

Results 

1. HRQOL seems to fit within the dynamic systems framework 

2. An operational definition of the conceptual model was delineated, in order to allow 

further development and tests 

Conclusion 

1. The conceptual model can provide new ideas and insights about the processes acting in 

the ageing period, due to the use of developmental view and dynamic systems approach 

2. Further empirical studies are necessary to confirm these assumptions 

Chapter 3Chapter 3Chapter 3Chapter 3    A quantitative Dynamic Systems model of A quantitative Dynamic Systems model of A quantitative Dynamic Systems model of A quantitative Dynamic Systems model of Health Related Quality of LifeHealth Related Quality of LifeHealth Related Quality of LifeHealth Related Quality of Life    among older adultsamong older adultsamong older adultsamong older adults    

Aims 
1. To translate the conceptual model in a mathematical one 

2. To test the goodness of the model by a calibration and a validation procedure 

Methods 

1. The model building is made by translating the components of the model in a numerical 

form and by assigning non-linear equations to each directed relationship presented in the 

conceptual model (arrows in the graphical model) 

2. The calibration procedure was made with theoretically plausible data in order to assess 

how the model reacts to different initial sets of data 

3. Empirical data of 194 community dwelling older-adults are used as initial and outcome 

data to validate the model  

Results 

1. The calibration procedure detects the parameter ranges within the model reacts with 

theoretically acceptable trends 

2. The model fits empirical data in a satisfactory way, showing no statistically or conceptually 

meaningful differences between empirical and simulated final data 

Conclusion 

1. The validation procedure returns positive results in agreement with theoretical 

expectations 

2. Data suggests the goodness of theoretical assumptions about the dynamic development of 

HRQOL in the aged population 

Chapter 4Chapter 4Chapter 4Chapter 4    ‘’How I feel today?’’ An analysis of HRQOL variability a‘’How I feel today?’’ An analysis of HRQOL variability a‘’How I feel today?’’ An analysis of HRQOL variability a‘’How I feel today?’’ An analysis of HRQOL variability among institutionalized older adultsmong institutionalized older adultsmong institutionalized older adultsmong institutionalized older adults    

Aims 

1. To test how the construct of HRQOL develops during time among older-adults 

2. To analyze if indicators of variability are related with developmental trends and final health 

outcomes  

Methods 

1. 22 institutionalized older-adults participated in the longitudinal design study 

2. Participants fill out daily and monthly questionnaire measures of HRQOL 

3. Data analyses are conducted to find reliability and construct validity of daily measures 

4. Day-to-day variability is computed and related to health outcomes and trends 

5. Day-to-day variability before an extreme value in the developmental trends is compared 

with day-to-day variability in the whole period 

Results 

1. Daily measures are correlated with monthly validated questionnaires 

2. Day-to-day variability is generally related with negative health outcomes and trends 

3. Variability preceding an extreme value in the developmental trends, is higher than day-to-

day variability in the whole period 

Conclusion 

1. The role of daily variability emerges as an important indicator of final outcomes and 

developmental trends 

2. Data suggest that HRQOL may present typical characteristics of dynamic systems, 

however, due to the small sample size, these data need to be confirmed by other studies  

Table 1 - The thesis at a glance 
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