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Abstract 

Intra-individual variability is a central topic in Dynamic Systems studies, because 

the theory predicts that particular forms or properties of intra-individual variability will 

serve as indicators or predictors of transitions phases, bifurcations, and stable states in 

individual development. Currently, there are almost no studies that address intra-individual 

changes and variability of Health Related Quality of Life in old age. The main aim of this 

paper is to analyze the role of day-to-day HRQOL variability and long term HRQOL and ADL 

development in a sample of institutionalized older adults. 22 older adults took part in this 

longitudinal study. Daily diary-based assessments were made for a period of 100 days. 

Furthermore, monthly assessments of HRQOL and ADL with validated questionnaires were 

performed. The intra individual variability on a day-to-day basis was found to be related to 

HRQOL and ADL development. Furthermore, life events as operationalized by HRQOL 

extreme values were related to the level of day-to-day HRQOL variability. As predicted by 

dynamic systems theory, day-to-day variability emerges as an important indicator of levels 

of and changes in HRQOL and ADL and as such, it may be an important indicator of the age-

related developmental process. 

 

Keywords:::: Intra-individual variability; Dynamic Systems; institutionalized older 

adults; Health Related Quality of Life 
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1. Introduction 

To live longer, better and in a good health condition is one of the main challenges 

of contemporary society. The objective of the European Commission is to add two Healthy 

Life Years by 2020, and to promote health status and quality of life in the European 

population. A comparable objective has been formulated by the Department of Health and 

Social Services of the US (Healthy People 2020 program). 

Despite the great effort invested by policy makers to increase health status and 

quality of life, current data show that these aims are not reached yet. In Europe, the 

indicator called Healthy Life Years (HLY), which is defined as the healthy life expectancy at a 

given age, followed a negative trend between 2004 and 2010 (Eurostat, 2012), meaning 

that the number of years lived in a poor health condition has increased. Furthermore, Zack 

et al. (2004) found a decrease in both health status and Health Related Quality of Life 

(HRQOL) in the US population between 1993 and 2001, confirming that the objectives 

proposed by Healthy People were not yet being met. 

Over the years, the construct of HRQOL took an important role in the assessments 

of populations and individuals. HRQOL is a person-centered measure, and provides more 

precise information about the health status, and health perceptions, than the traditional 

indicators of morbidity and mortality (Idler & Benyamini, 1997; Jones, 1977). In this article, 

HRQOL is conceptualized as a tri-dimensional construct (physical, mental, social). Each 

dimension is in turn characterized by a self-report health status and an experienced-health 

aspect (Testa & Simonson, 1996; WHO, 1948). HRQOL is mostly used in research and 

clinical practice to rate the effects of processes (i.e., treatment, intervention, disease) on 

people’s health status and their perceptions of it (see among others: Balboa-Castillo, León-

Muñoz, Graciani, Rodríguez-Artalejo, & Guallar-Castillón, 2011; Hopman et al., 2009; Lima 

et al., 2009; Sillanpää, Häkkinen, Holviala, & Häkkinen, 2012; Wolinsky et al., 2006). 

In addition to its role as an outcome-measure, HRQOL is a good predictor of 

mortality and health care utilization in the aged population. Tsai and colleagues (2007) 

found that the baseline scores of HRQOL (physical and mental composite scores) predict 

three-year mortality among a large sample of community-dwelling older adults. Singh and 

colleagues (2005) described the relations among the physical and mental components of 

HRQOL, and hospitalization, mortality, hospitalizations per year and outpatient-visits per 

year, in older adults with arthritis. They found significantly higher odds for each health-

outcome indicator in subjects with a low score (lower tertile) on the two components. 

Furthermore, the study of Dominick and colleagues (2002) indicated that the dimensions of 

HRQOL play a role as predictors for both short-term and long-term adverse health events 
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among older adults. Finally, in a review study, Idler and Benyamini (1997) compared results 

from twenty-seven community studies, confirming the predictive relations between HRQOL 

and mortality. In addition, they highlighted the dynamic nature of HRQOL, emphasizing the 

need to analyze trajectories of self-rated health instead of exclusively focusing on the 

current level. 

Currently, only few scholars have actually studied the change (intended as long-

term average trajectories) in HRQOL and its consequences. However, it is promising that 

the existing literature shows strong associations between changes in mental and physical 

components of HRQOL and mortality (Kroenke, Kubzansky, Adler, & Kawachi, 2008; Otero-

Rodríguez et al., 2010). In addition, a French study (Audureau, Rican, & Coste, 2013) found 

that the decrease of HRQOL is related with disparities in demographic and socio-economic 

aspects among older adults, between 2005 and 2013. 

The important insight into the impact of changes in HRQOL in terms of clinical 

outcomes emerged from research as well as from clinical practice. Various statistical tests 

were carried out to find out whether changes of HRQOL have clinical relevance (Crosby, 

Kolotkin, & Williams, 2003). These tests aimed to understand if a process (e.g., disease or 

intervention) with an impact on HRQOL may be clinically meaningful, causing change in a 

patient’s clinical management (Crosby et al., 2003). However, these methods are designed 

on a group- and average-base, and do not incorporate: (i) the analysis of changes over time, 

(ii) the developmental process, and (iii) the relations between short- and long-term time 

scales. 

Changes in HRQOL may have theoretical as well as applied impacts. From a 

conceptual point of view, knowledge about health trends in the ageing process (specifically 

if they are assessed and analyzed on an individual basis), may be crucial to obtain a better 

understanding about development in later life, in order to increase healthy life expectancy. 

From an applied perspective, the discovery of patterns of changes may have a strong 

impact on preventive strategies, ensuring better health conditions on an individual basis 

and a decrease of health related costs on a societal basis. 

However, despite the long list of possible interesting applied solutions and the 

numbers of papers emphasizing the complex and dynamic nature of HRQOL (Adamson & 

Elliott, 2005; Haas, 1999; Hickey, Barker, McGee, & O’Boyle, 2005; Zubritsky et al., 2013), 

currently it is not clear: (i) how HRQOL evolves during the ageing process; (ii) which are the 

characteristics of the developmental trends; (iii) how patterns of changes are related to 

health outcomes, and (iv) how individual characteristics (e.g., age, presence of disease, 

frailty status, lifestyle habits etc.) are related to intra- and inter-individual variability in 

developmental trajectories. We know how HRQOL generally behaves, on a long-term time 
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scale, before and after particular kinds of events (e.g., life events, interventions), but we do 

not know how the long-term trends emerge from a shorter time-scale (i.e., daily iterations). 

Like a spectator who slept through the greatest part of a movie, we know the starting and 

the ending point of the movie, we can hypothesize how the story proceeded during the 

central part, but we do not know anything about twists, development of the story, 

unexpected events, relations among protagonists etc. In order to obtain a complete picture 

of the storyline, it is important to carefully watch the whole process, which, in this 

particular case, pertains to the actual developmental trajectories of HRQOL, with the 

identification of indicators of variability in the system. 

The study and analysis of HRQOL development can be done by using a Dynamic 

Systems approach. Such an approach is focused on processes of change and developmental 

patterns during time (Kunnen, 2012; Thelen, Ulrich, & Wolff, 1991). The process of change 

that represents the main objective of Dynamic Systems studies, is complex and 

multivariate, and depends on continuous and mutual interactions among environmental, 

individual and inter-individual characteristics during time (Kunnen, 2012). Development is a 

recursive process in which time represents the first engine and in which the outcome of 

one-step in the process is the starting point of the subsequent one (also called iteration). 

The emphasis of Dynamic Systems is on variability and stability as they occur in individual 

subjects, and which are seen as fundamental characteristics for the understanding of a 

system’s development (Thelen, 1996; Thelen et al., 1991; van Geert & van Dijk, 2002). 

Variability was defined by van Geert & van Dijk (2002) as differences in the 

individual level of behaviors on successive time points. Variability is not just the average 

level of fluctuations during a given period of time, but it is a property that changes and 

follows a particular trajectory over time. According to dynamic systems theorists, the 

variability provides important information about the developmental process (Kunnen, 

2012; van der Maas & Molenaar, 1992; van Dijk & van Geert, 2007; van Geert & van Dijk, 

2002). They reject the hypothesis of the true score and added random error, which views 

variability as experimental noise, distributed around a true and stable score (Kunnen, 2012; 

van Geert & van Dijk, 2002). Measures of variability are informative about and provide 

possible explanations for eventual transition phases, bifurcations, and stable states (van 

Dijk & van Geert, 2007; van Geert & van Dijk, 2002). 

Focus on shifts, sudden jumps, perturbations and discontinuity are of special 

interest in Dynamic Systems studies, because they are indicators of self-organization of a 

system from a lower to a higher level of organization (Savelsbergh, van der Maas, & van 

Geert, 1999; van Dijk & van Geert, 2007). In particular, discontinuity points are described as 
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jumps from one level to another without any intermediate point (Van der Maas & 

Molenaar 1992; van Dijk & van Geert, 2007). 

Indicators of variability are increasingly used in various areas of research. For 

example, Piek (2002) investigated the role of variability in early motor development, finding 

that low level of variability in the first phases of motor development may result in poor 

movement outcome. Furthermore, indicators of variability were used to assess 

developmental trends in language acquisition (Bassano & van Geert, 2007; van Dijk & van 

Geert, 2007; Verspoor, Lowie, & Van Dijk, 2008); or were used to analyze trends in 

cognitive development (Siegler, 1994; Siegler, 2007). 

Currently, no studies report indicators of variability in time serial analyses of 

HRQOL in the aged population. In order to fill this gap we designed a study, with the aim to 

capture HRQOL indicators of variability in institutionalized older adults. Variability is 

considered relevant as a characteristic that differentiates between people, but when 

studied over time within one individual, it also gives relevant information about individual 

processes. In particular, we are interested to understand what happens in the case of 

perturbations in the daily life of the older-adults. For this reason, the focus is on the 

extreme values of the HRQOL scores, as possible indicators of such perturbations. Extreme 

values give information about instability and perturbations of a system, relevant 

characteristics in Dynamic Systems studies. The focus was on institutionalized older adults 

because: (i) they generally suffer of higher decrease in HRQOL compared to community 

dwelling older adults (Noro & Aro, 1996); (ii) they are generally more frail (Rockwood et al., 

2004), meaning that they may have reduced ability to cope with stressful life events (Fried, 

et al., 2001); (iii) they live in a controlled environment, giving us the possibility to better 

understand external and random influences; (iv) they are generally worried about their 

health (Wisocki, 1988), and (v) the use of a process based assessment can make them more 

aware about their health. 

The purpose was to assess indicators of HRQOL on different time levels. It was 

decided that a day-to-day measurement can give us salient information on a short time 

scale. It was assumed that a daily scale is a sort of mean value of the uncountable actions 

and influences occurring each day. It was supposed that one day can be seen as a kind of 

unit for the analysis of long-term trajectories, revealing temporal trends as well as 

variability. Furthermore, a day can be seen on an experiential level, in which each day is an 

organic whole, with a new start or beginning every new day. In such a vision, a daily time 

level can be seen as a useful unit of experience.  

An assessment of characteristics on a daily basis is uncommon and rarely used 

among older adults. However, few studies did actually report day-to-day data about 
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physiological (cortisol level, hearth rate) and psychosocial (social interactions, worries) 

indicators in such a population (Adam, Kudielka, & Cacioppo, 2006; Brosschot, Van Dijk, & 

Thayer, 2007; Nezlek, Richardson, Green, & Schatten-Jones, 2002). Unfortunately, no 

studies reported a day-to-day analysis of HRQOL among older adults. 

However, in other fields of research, the use of diary-based daily measurements is 

well documented (among others: Curran, Beacham, & Andrykowski, 2004; Bratteby, 

Sandhagen, Fan, & Samuelson, 1997; Kunnen, 2012; Lichtwarck-Aschoff, Kunnen, & van 

Geert, 2009; Peters et al., 2000). 

The main objective of this study is to demonstrate that variability at a time scale of 

days is meaningfully related to perturbations (extreme values) and developmental health 

outcomes in a sample of institutionalized older adults. In order to reach the main objective 

the following research questions have been addressed: (i) is day-to-day variability related to 

developmental health outcomes (HRQOL and ADL) and trends? (ii) Do the day-to-day 

HRQOL trajectories proceed with a linear/gradual/smooth or jagged path? (iii) How do 

individuals differ with regard to the distribution of extreme values over time and domains? 

(iv) Is day-to-day variability around life events (as defined by an extreme value) higher than 

the average variability in the whole period of investigation? 

2. Method 

2.1 Participants 

The study involved twenty-eight institutionalized older adults, living in four 

residential care facilities in Italy. The following inclusion criteria have been set: (i) living in 

residential care facilities permanently, at least for six months; (ii) older than 70 years; (iii) 

Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) score higher than 25 

(indicating absence of cognitive impairments); (iv) absence of severe functional impairment 

in the Autonomy of Daily Living (Katz ADL score ≥ 2; Wallace & Shelkey, 2007). The 

simultaneous participation in another study was also set as exclusion criterion. 

From the original sample (n= 28), 6 participants dropped-out, for reasons not 

related to study participation: illness, hospitalization, and transfer to other residential care 

facilities. All the analyses were performed using data from the 22 subjects (n=15 female, 

68%) who completed the whole research period (100 days). 

The participation was voluntary, and the residential care facilities were selected 

for their availability to participate in the study and their comparable levels of health care 

and proposed activities. 
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The Ethical Committee of the University of Torino approved the study. All 

participants were informed about the voluntary and confidential participation to the study. 

Each individual gave his or her written informed consent in accordance with Italian law and 

the ethical code of the American Psychological Association (2002). 

Descriptive characteristics of the participants are presented in Table 1. 

Table 1 - Baseline characteristics of participants 

VARIABLE N Valid % 

Gender (N)   

Women 15 68 

Men 7 32 

Level of education (N)   

Low 10 46 

High 12 54 

Work position (N)   

Retired 20 91 

Not retired 2 9 

Past job (N)   

Manual labor 7 37 

Nonmanual labor 10 52 

Unemployed 2 11 

Presence of diseases (N)   

Maximum one disease 5 23 

More than one disease 17 77 

VARIABLE Mean Standard Deviation 

Age 84 6 

Mini-Mental State Examination 28 2 
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2.2 Research protocol 

A day-to-day assessment was performed during the whole project period, which 

lasted 100 days. The daily evaluation consisted of self-report questions. All the participants 

were instructed to individually complete the questions in the evening (generally after 

dinner), to rate the overall daily health status and health perceptions. In order to have the 

highest possible adherence to the research design, both researchers and staff members 

reminded the participants daily to complete the questionnaire. As a result, the total 

number of missing answers was 33 on a sample of 4,400 data. Missing data were excluded 

from the analyses. 

In addition to the daily measurements, five waves of more extensive assessment 

were made. Validated self-report questionnaires were used and a trained psychologist was 

always present during the assessments, to give support in case of doubts or difficulties in 

the completion of the questionnaires (e.g. difficulty to read questions or to understand 

their meaning). 

Since all participants received similar health and physical activity treatments, the 

sample was not divided into subgroups. 

2.3 Measures 

The measures collected can be divided in three categories (baseline, monthly, and 

daily). 

2.3.1 Baseline measures 

During baseline measures, preceding the period of daily measurements, various 

socio-demographic characteristics and health related information were collected (i.e., age, 

gender, place of birth, marital status, level of education, and presence, type and number of 

diseases). 

Finally, the Italian version of the questionnaire Survey of Health, Ageing and 

Retirement in Europe - Frailty Instrument was administered (SHARE-FI; Romero-Ortuno, 

O’Shea, & Kenny, 2011; Romero-Ortuno, Walsh, Lawlor, & Kenny, 2010). SHARE-FI is a valid, 

reliable and free tool assessing functional decline and physical frailty among older adults 

(Romero-Ortuno et al., 2011). SHARE-FI consists of five indicators: exhaustion, weight loss, 

weakness, slowness, level of activity (Romero-Ortuno et al., 2010), and provides a 

continuous score (highest score corresponds to the frailest subject) with an associated 

categorical label (non-frail; pre-frail, frail). 
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2.3.2 Monthly measures 

Monthly measures were collected through validated self-report questionnaires. 

The Short Form 12 Health Survey (SF-12; Gandek et al., 1998; Jones, 1977), the 

Lubben Social Network Scale-6 (LSNS-6; Lubben, 1988) and the Friendship Quality Scale 

(FQS; Hawthorne, 2006) were used to assess the three components of HRQOL. Specifically, 

physical domain was rated with the SF-12 physical health summary measure (PCS), mental 

domain with the SF-12 mental health summary measure (MCS), social domain with the 

LSNS-6, that investigates the self-report health status dimension of social status (namely 

size of the social network) and the FQS, that, on the contrary, focuses on the quality of 

social relations. 

The SF-12 represents the short version of the SF-36, and it is one of the most 

frequently used instruments to assess health status and HRQOL in the aged population (see 

for instance Everard, Lach, Fisher, & Baum, 2000; Li et al., 2004; Ozcan, Donat, Gelecek, 

Ozdirenc, & Karadibak, 2005; Resnick & Nahm, 2001). It is a generic measure (not 

specifically designed for a target population). The SF-12 is composed of two dimensions, 

the physical health composite measure (PCS) and the mental health composite measure 

(MCS), each covered by 6 items. A higher level in the summary score reflects a better 

health condition. The use of the SF-12 in the aged population is well documented in 

previous researches (among others: Everard, Lach, Fisher, & Baum, 2000; Li et al., 2004; 

Ozcan, Donat, Gelecek, Ozdirenc, & Karadibak, 2005; Resnick & Nahm, 2001). 

The LSNS-6 is a six items scale widely used to assess social networks in aged 

persons (Lubben, 1988). The LSNS-6 is composed of two subscales, each consisting of three 

items. The first scale is related to the family social network, while the second one assesses 

the social network of friends (Lubben et al., 2006). The items are all scored from 1 to 6, in 

which the highest value represents the maximum level of social network. The LSNS-6 is 

specifically designed for older adults and is useful for measuring their social isolation. 

Finally, the FQS is an instrument specifically designed for aged populations that 

measures social isolation (Hawthorne, 2006; Hawthorne & Griffith, 2000). FQS is a one-

dimensional scale composed of six items, covering aspects related to perceptions of 

isolation and difficulties with making contact with other people. The scores of the six items 

range between 0 (worst social relations) to 4 (best social relations). 

The latter two questionnaires were chosen to assess the social domain for the 

following reasons: (i) the social domain is a crucial component of HRQOL, especially in an 

older population; (ii) the two scales capture complementary aspects of the social domain. 

In particular, the LSNS-6 questions are more objectively oriented, asking for instance about 
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the number of persons encountered during the last month. The FQS captures more 

subjective perceptions about social life.  

The monthly measures were assessed in the baseline (one day before the 

beginning of the study), and after 28, 56, 84 days from the beginning and on day 100, the 

last day of the study. 

2.3.3 Daily measures 

For this study, we created a structured diary composed of six visual analogic scale 

(VAS) questions. This diary instrument should meet three requirements. 

Firstly, it should be an easy instrument, in order to give each participant the 

possibility to fill it out every day, spending just few minutes and limited effort. This 

condition was mandatory in order to obtain the least possible rate of dropout due to 

boredom or difficulty in the daily compilation of the diary. Previous studies have 

demonstrated the ability of very short instruments to capture HRQOL (Boer et al., 2004; 

Bowling, 2005; DeSalvo et al., 2006; Sloan et al., 1998). 

Secondly, the six questions had to represent the conceptual model of HRQOL, 

composed of three domains, divided into a self-report health status and experienced-

health component. 

Finally, we decided to use a VAS scale because this method allows to quantitatively 

measure a construct on a continuous scale, which is very suitable for the aim of this study. 

Various scholars have reported on the appropriateness of a VAS scale to measure HRQOL 

(Boer et al., 2004; Hiratsuka & Kida, 1993; Katsura, Yamada, & Kida, 2003; Nishiyama et al., 

2000). 

In sum, the instrument was composed of six questions (two for each domain) 

scored with a 20 cm VAS. The self-report health status questions asked about the time 

spent during the day in specific conditions, while the experienced-health questions relate 

to perceptions and feelings. In the physical domains, we used the following questions: (i) 

How long, during the day, have you performed activities requiring some physical effort? 

(e.g., housework, walking, hobbies, etc.), (ii) How would you rate your physical health 

today? In the mental domain, the questions were: (i) How long, during the day, did you feel 

in a good mood? (e.g., calm, peaceful, lively, happy, etc.), (ii) How would you rate your 

psychological/mental health today? Finally, in the social domain the following questions 

were included: (i) How long, during the day, have you performed social activities? (e.g., 

meetings with relatives and friends, phone calls, card games etc), (ii) How satisfied are you 

about the social activities performed today? 
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The VAS scales range from “never” (0) to “whole day” (100) for the self-report 

health status questions, while the extreme points in the experienced-health indicators vary 

from 0 (worst health possible or completely unsatisfied, in the social domain) to 100 (best 

health possible or completely satisfied, in the social domain; see Appendix for the English 

version of the instrument). 

Data were rescaled (on a continuous scale between 0 and 1) in order to guarantee 

quantitative and qualitative comparability. The following formula was used to transform 

data from the validated questionnaires into the same range: 

# = �$ − �%�� ���$ − �%��⁄   Equation 1 

Where, y is the output of the transformation (a number varying from 0 to 1 on a 

continuous scale); x is the empirical data; min is the minimum theoretical value of the scale 

and max is the theoretical maximum value of the measure. This transformation maintains 

the original distribution characteristics allowing an easy and good comparison between 

daily and monthly measures. 

2.4 Statistical analyses 

All the analyses were conducted with Statistical Package for Social Sciences (SPSS), 

version 20.0 (Spss Inc, Chicago, IL, USA). 

First, the reliability (Cronbach’s α) of the composite scores measured with 

validated questionnaires, and descriptive statistics was calculated to sketch the baseline 

characteristics of participants. 

Secondly, an analysis of HRQOL trends, measured with the validated 

questionnaires (SF-12, LSNS-6, FQS), was made using a non-parametric repeated measures 

test for dependent samples (Friedman test) and a series of Wilcoxon tests with Bonferroni 

adjustment. These longitudinal trends will be related to the level of day-to-day variability. 

Finally, day-to-day measures of the experienced-health and self-report health 

status of each domain were analyzed in seven different ways: 

(i) Cronbach’s α analysis, in order to assess whether the combined self-report 

health status and experienced-health components of the three domains had a good level of 

consistency on a daily basis. This would allow for a composite score of the two. The 

threshold for an acceptable reliability was set at .60 following the guidelines of Nunnally 

(1978). 

(ii) Spearman’s correlations between validated questionnaires and daily measures, 

to explore if daily and validated questionnaires data were related to each other. By means 

of this analysis, it was tested whether the assumption is correct that with just a few items 
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HRQOL can be assessed in a valid way. Because of the different time scales investigated by 

the different instruments (four weeks versus one day), the correlations were made using 

the raw scores of the validated questionnaires and the four weeks’ median values of the 

daily questions, in order to capture the same time span. The baseline data assessed with 

validated questionnaires were not taken into account because they refer to the four weeks 

before the beginning of the study. 

(iii) An analysis of day-to-day variability. Variability is operationalized as (the sum 

of) the absolute difference between two subsequent daily data points in each of the three 

HRQOL domains. 

(iv) Spearman’s correlational analysis to test if a general indicator of variability (the 

mean value of the day-to-day variability) was related to health outcomes and trends 

(HRQOL and ADL). Specifically, the general amount of variability in daily assessments of 

HRQOL was compared with long-term trends (from day 1 to day 100) and measurements of 

HRQOL and ADL at day 100. 

(v) Analysis of extreme values in daily trends by means of Autoregressive 

Integrated Moving Average Model (ARIMA) performed with the Expert Modeler package of 

SPSS. The ARIMA model was used here just to detect extreme values and not for 

forecasting. The use of ARIMA models in detection of extreme data is well known and 

studied (Maimon & Rokach, 2005). The types of extreme values considered here were: (a) 

additive, and (b) level shifts. The additive extremes affect a single observation, and after 

the perturbation, the series returns to its normal trend. The level shifts extremes imply a 

change in the mean of the process after a point, with a consequent transformation of the 

trend in a non-stationary process. ARIMA parameters (p, d, q), using the Expert Modeler 

package, were automatically computed for each time series, with the detection of the 

specified extreme values. The extreme data were also used to specify individual 

developmental characteristics. Specifically, data from three subjects (selected as typical 

examples of stable and unstable patterns) were used to illustrate various patterns of 

stability in the developmental trends of HRQOL. 

(vi) a Monte Carlo simulation procedure to analyze differences in individual 

variability the week before and the week after an extreme value in the daily data. This 

analysis was made to compare the distributions of daily variability before and after a 

positive or negative extreme value, in order to understand if there are differences in 

variability before and after an extreme value. 

(vii) a Monte Carlo simulation procedure to analyze differences in individual day-

to-day variability nearby an extreme value (one week before and after) compared to the 

general variability of that individual (average level of variability in the whole period). The 
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Monte Carlo comparisons were made with a random permutation procedure, in which we 

compared the day-to-day variability close to the extreme value with the variability 

measures in the whole data set (for further details see Kunnen, 2012). The comparisons 

were made using data of subjects who showed extreme values. This method generates a 

given number (1,000 in this case) of simulated data sets that are drawn from the total 

sample and compares these data with the average variability in the complete series of data. 

The null hypothesis was that there was no difference in variability and thus, that the 

difference between the empirically found variability around the extreme value and the 

whole empirical data set, is caused by chance, and that in fact, all data are drawn from one 

underlying distribution. During the procedure, the number of times that variability near the 

extreme value was higher or lower than the general average was computed, giving an 

associated p-level, to understand the statistically significant difference between the two. 

These analyses offered information about the behavior of the system nearby a critical point 

(extreme values). 

3. Results 

3.1 Reliability and descriptive statistics 

The three HRQOL components (physical, mental and social) in the five monthly 

assessment points, measured with validated questionnaires (SF-12, LSNS-6 and FQS) 

reached a satisfactory internal consistence, with a value of α higher than .60 (Nunnally, 

1978). Just in one case (physical domain wave 3) α was found equal to the threshold (.599), 

while the average level for the physical domain was .750 (min= .599; max= .857). In the 

mental domain the average α level was .703 (min= .605; max= 787). Finally, for the social 

domain an average α of .786 (min= 771; max= 798) was found. 

In the first assessment, the group score of the participants corresponded with 

middle scores (general range 0 to 1) in the three domains. The average value for the 

physical domain was .474 (± .192), for the mental domain .511 (± .167) and, for the social 

domain .551 (± .157). The lower level in the physical domain may be explicated by the 

medical conditions of the subjects, because they all suffer from diseases strictly related to 

physical functions. In particular, 11 seniors suffer from hypertension, 9 subjects received a 

diagnosis of osteo-articular disorders (osteoporosis, arthritis), 9 subjects had cardio-

vascular diseases (vasculopathy, heart disorders, myocardial infarction, blood disorders, 

stroke), 5 subjects reported respiratory diseases (BPCO) and 5 subjects were diagnosed 

with neurological diseases (multiple sclerosis, Parkinson disease, restless leg syndrome). 
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In the baseline, there were no significant gender differences. However, moderate 

to high effect sizes (ES) were found, in which women had lower scores than men in each of 

the three HRQOL domains. Specifically, the average levels for men in the physical domain 

was .571 (± .202) while for women this was .429 (± .175), the ES was .751 and the p value 

.145. In the mental domain male subjects had a mean value of .558 (± .207) and female of 

.489 (± .148), the ES was .384 and the p value .453. Finally, in the social domain men scored 

a mean value of .598 (± .149) and the women.529 (± .160). The ES was .388 and the p value 

.359. These differences did not reach the significance level, but they have medium to large 

ES, that may be attributed to age differences, because men had a mean age of 82 (± 7) 

years, and women a mean age of 85 (± 5) years, and to comorbidity, because men suffer on 

average from 2 (± 1) diseases while women 3 (± 1). Similar small and not significant 

differences were also reported in the work of Kroenke and colleagues (2008). For this 

reason, we did not differentiate between men and women in the rest of the study. 

Regarding the ADL (autonomy in the activity of daily living) score, the average level 

was 4.456 (± 1.143), where 6 represents the maximum level of autonomy, confirming that 

participants were, on average, reasonably autonomous in the activities of daily living. Most 

of the subjects (n= 12; 55%) had a score level of 5. The minimum level was 2 (n= 2; 9%) 

while the maximum level was reached by three participants (14%). An insignificant gender 

unbalance was present also in the case of ADL, showing higher level in favor of males 

(4.857; ± .900) compared to females (4.400; ± 1.242; p=.347; ES= .421. The possible 

incongruence between non-significant p values and moderate to high ES can be explained 

by the small sample size that requires large ES’s in order to reach statistical significance. 

From the 22 participants, 11 (50%) were detected as frail, 5 (23%) as pre-frail, and 6 (27%) 

non-frail. The average score assessed with SHARE-FI was 1.932 (± 1.682), with a minimum 

value of - .701 and a maximum of 4.659. For physical frailty gender distributions were 

unbalanced. In fact, 66% (n=10) of the women were found frail, while 14% (n=1) of the men 

were evaluated as frail. Furthermore, 27% (n= 4) of the women and 14% (n= 1) of the men 

were found in the pre-frail condition. Finally, 7% (n= 1) of the women and 72% (n= 5) of the 

men were assessed as non-frail. The distribution of physical frailty was unbalanced 

between genders, implying that women were frailer than man, with a chi-square p value of 

.006. 

3.2 HRQOL monthly trends 

The monthly trend of HRQOL (computed as aggregated changes in the individual 

data) show a general decrease. Specifically, the baseline value of the physical domain was 

.474 (± .192) and the last score was .455 (± .206). For the mental domain the baseline level 
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Table 2 - Monthly changes of HRQOL in individuals 

Wave/ 

Domain 

Type 

of 

change 

Physical, 

n (%) 

Mental, n 

(%) 

Social, n 

(%) 

T0-T1 

Inc. 11 (50%) 13 (59%) 7 (32%) 

Sta. 3 (14%) 0 0 

Dec. 8 (36%) 9 (41%) 15 (68%) 

T1-T2 

Inc. 5 (23%) 4 (18%) 7 (32%) 

Sta. 8 (36%) 4 (18%) 1 (4%) 

Dec. 9 (41%) 14 (64%) 14 (64%) 

T2-T3 

Inc. 7 (32%) 6 (27%) 6 (27%) 

Sta. 7 (32%) 12 (55%) 5 (23%) 

Dec. 8 (36%) 4 (18%) 11 (50%) 

T3-T4 

Inc. 9 (41%) 6 (27%) 3 (14%) 

Sta. 4 (18%) 9 (41%) 10 (45%) 

Dec. 9 (41%) 7 (32%) 9 (41%) 

Inc.= increase 

Sta.= stable 

Dec.= decrease 

T0-T1= changes between baseline and first month 

T1-T2= changes between first and second month 

T2-T3= changes between second and third month 

T3-T4= changes between third month and last assessment 

To test whether the average monthly changes of HRQOL measured with validated 

questionnaires (SF-12, LSNS-6, FQS) were statistically significant, a series of repeated 

measure Friedman’s tests were performed, analyzing the overall changes in time (from T0 

to T4). 

No statistical differences were found in the physical domain χ
2
= (4, n= 22) = 2.944, 

p= .567. Statistically significant differences were found for both mental, (χ
2
= (4, n= 22) = 

14.921, p= .005), and social domains (χ
2
= (4, n= 22) = 21.215, p< .001). 

Post-hoc analysis with Wilcoxon signed-rank tests were conducted applying a 

Bonferroni correction in mental and social domains. The Bonferroni correction resulted in a 

significance level set at p < .005. None of the pairwise comparisons in the mental domain 

reached the significance level, despite an overall reduction of the domain during time. 

Conversely, in three cases the difference between two measurements did reach 

significance in the social domain: T0 vs T2 (Z= - 3.216, p= .001), T0 vs T3 (Z= - 2.971, p= 

.003), and T0 vs T4 (Z= - 3.328, p= .001). 

3.3 Perturbation in daily measures 

As expected, the first period is characterized by low consistency, probably due to 

perturbations related to the daily requirement of filling out questionnaires, 

misunderstandings on the side of the participants, and possible adaptations of their 
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feelings about health conditions rated on the VAS questionnaire. In particular, the first 3 

weeks (day from 1 to 20) were less reliable. The average α’s in this period were: .408 (min= 

.024; max= .643) in the physical domain; .328 (min= .017; max= 743) in the mental domain, 

and .694 (min= .439; max= .894) in the social domain. 

After the first three weeks, the consistency between the two components of daily 

measures reaches the fixed threshold. Specifically, the average α’s between the time points 

21 and 100 were: .694 (min= .433; max= 839) in the physical domain; .761 (min= .535; 

max= 860) in the mental domain; and .865 (min= .668; max= .959) in the social domain. As 

shown, the consistency strongly increased from week four. However, in the physical and 

mental domains the threshold of acceptability was not always reached. Specifically, in few 

occasions (6 in the physical domain and 1 in the mental domain) the level of α was lower 

than .60. For this reason, it was decided not to use an aggregated score in these data 

points, and to exclude them from further analysis. In all other cases, a composite score of 

the two components was used in each domain. 

3.4 Correlations between daily and monthly HRQOL 

Correlational analysis showed positive and significant relations between domains 

measured with validated questionnaires (SF-12, LSNS-6, FQS) and aggregated daily 

measures in all waves (see Table 3). These results are a first confirmation of the construct 

validity of the HRQOL daily measures, since the Spearman’s coefficient was always positive, 

and the size of correlations were medium to high (average= .551; min= .426; max= .712). 

Table 3 - Spearman’s correlations between daily and monthly indexes for the three domains 

  Daily median 

Monthly 

measures 
Wave T1 T2 T3 T4 

Physical 

T1 .500*    

T2  .594*   

T3   .426*  

T4    .458 

Mental 

T1 .622**    

T2  .712**   

T3   .456*  

T4    .474* 

Social 

T1 .533*    

T2  .579*   

T3   .617**  

T4    .644** 

Daily median= monthly median value of the daily data 

T1= first month assessment; T2= second month assessment; T3= third month assessment; T4= final assessment 

* p< .05; ** p< .01 
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3.5 Day-to-day variability 

The day-to-day variability was computed for each subject for each day starting 

from day 21. The mean value of the day-to-day variability was used as indicator of 

variability in the whole period. 

The average levels of intra-individual variability were .057 (± .039), .069 (± .040), 

and .08 (± .038), in the physical, mental and social domain respectively. This means that, on 

average, the daily fluctuations were comprised between 6% and 8% of the total range, with 

values of 12% - 14% in some individuals. Men and women seemed to differ in terms of 

variability. In general, men showed a lower variability as compared to women and this 

difference was found in all the domains. Variability in the physical domain was .039 (± .019) 

for men and .067 (± .043) for women. The Monte Carlo comparison returned an associated 

p value < .001. In the mental domain, men showed a variability of .048 (± .030) while 

women showed a variability of .076 (± .030), with an associated p value, based on the 

Monte Carlo procedure of .003. Finally, in the social domain, males had an average level of 

variability of .054 (± .034) and females .092 (± .034). Also in this case the Monte Carlo 

analysis showed a statistically significant difference (p< .001). 

Differences in variability were also found in relation to the frailty condition. Frail 

subjects had higher levels of variability as compared to pre-frail and non-frail participants. 

Frail older adults had a variability of .074 (± .039), .089 (± .035), and .094 (± .028) in the 

physical, mental, and social domain respectively. Day-to-day variability of pre-frail and 

robust individuals amounted to .042 (± .034), .045 (± .035), and .067 (± .043), again in the 

physical, mental and social domains. The differences, analyzed with the Monte Carlo 

procedure, were significant in the physical (p= .002), mental (p< .001) and social (p= .022) 

domain. 

3.6 Correlations between day-to-day variability and health 

development 

Results (presented in Table 4) show, in general, significant correlations between 

day-to-day variability and developmental HRQOL outcomes. Variability in the physical and 

in the mental domain was negatively correlated (Spearman’s rho) with the final state of the 

same domain measured with validated questionnaires (SF-12, LSNS-6 and FQS), as well as 

the change score (the difference between first and last assessment) in the same domain. A 

negative correlation means that a higher variability is related to a decrease in the outcome 

and vice versa. In the social domain, the correlations were in the expected direction but 

weaker and not significant. 
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Furthermore, correlations between variability and ADL scores were computed, and 

significant results were found in each HRQOL domain, for raw scores of ADL in the last 

evaluation and ADL change between first and last assessment. In addition, in this case the 

correlational coefficients were found negative, indicating that higher variability is related to 

decreasing and lower ADL and vice versa. 

Table 4 - Spearman’s correlations between daily variability and health outcomes 

 

Physical 

daily 

variability 

Mental 

daily 

variability 

Social 

daily 

variability 

Physical T4 -.450*   

Mental T4  -.620**  

Social T4   -.421 

Physical change 

T4-T1 
-.430*   

Mental change 

T4-T1 
 -.472*  

Social change 

T4-T1 
  -.083 

ADL T4 -.445* -.624** -.498* 

ADL change 

T4-T1 
-.525* -.596** -.585** 

Daily variability= level of day-to-day variability, computed as the mean value of the individual absolute change 

between two subsequent data point in each domain 

T4= final assessment 

T4-T1= difference between final assessment and first month assessment 

ADL= autonomy in the activity of daily living 

* p< .05 

** p< .01 

3.7 Extreme values 

The ARIMA analysis reported a total number of 121 extreme values in the whole 

sample in the three domains in the period between days 21 and 100. Extreme values 

correspond, in some cases, with detectable life events, such as a hospitalization or an 

unexpected social relationship (e.g., a meeting with relatives). However, in other cases 

these extremes are not directly related to “special events” but they can be related to more 

subjectively oriented perceptions. The extreme values were not evenly distributed over the 

whole population. Specifically, 41 (34% of the total number of extreme values) extreme 

data were found in the physical domains in 13 (60% of all subjects) subjects, who, on 

average, had 3 extreme values each. 44 (36% of the total number of extreme values) 

extreme data were found in the mental domain, in 14 (64%) participants, with an average 

extreme value rate of 3. Finally, 12 (55%) older adults presented extreme values in the 
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social domain, with an amount of 36 (30% of the total number of extreme values) extreme 

values, meaning an individual average rate of 3 extreme values. 

In the whole sample, the extreme values were almost equally distributed, with 61 

of these on the negative side and 60 on the positive side (that means an increase of the 

HRQOL scores). Data about the presence and distribution of the extreme values are 

presented in Table 5. 

From the whole sample of participants, 13 showed a higher number (intended as 

equal as or higher than the 75
th

 percentile of the numbers of the extreme values 

distribution) of extreme values in at least one domain. Of these 13 participants, 6 

presented a high number of extreme values in two domains, and just one subject had a 

high number of extreme values in all three domains. On the contrary, subjects with high 

presence of extreme values just in one domain may suffer from instability just in that 

domain, with the possibility to maintain a stable or little changeable level in the other 

domains of HRQOL. 

Six participants showed a median number of extreme values (intended as 

comprised between the 25
th

 and 75
th

 percentile of the number of extreme values 

distribution) in at least one domain. From this subgroup, two individuals had a median 

number in each domain, two participants in two domains, and two just in one domain. 

Finally, three participants had developmental trajectories without extreme values. 
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Table 5 - ARIMA analysis of number of outliers for each subject 

  PHYSICAL  MENTAL  SOCIAL 

Subj 

ARIMA 

param. 

N of outliers ARIMA 

param. 

N of outliers ARIMA 

param. 

N of outliers 

p, d, q Tot. Pos. Neg. p, d, q Tot. Pos. Neg. p, d, q Tot. Pos. Neg. 

1 (1,0,0) 0 0 0 (1,0,0) 5 3 2 (1,0,0) 5 4 1 

2 (0,0,1) 4 0 4 (1,0,0) 4 0 4 (1,0,0) 2 1 1 

3 (0,0,0) 0 0 0 (0,0,0) 0 0 0 (0,0,0) 5 5 0 

4 (1,0,0) 0 0 0 (1,0,0) 0 0 0 (0,0,2) 6 0 6 

5 (0,1,1) 0 0 0 (0,0,0) 1 1 0 (1,0,0) 1 0 1 

6 (1,0,0) 0 0 0 (0,0,1) 0 0 0 (1,0,0) 0 0 0 

7 (1,0,0) 2 2 0 (1,0,0) 2 2 0 (0,0,1) 1 0 1 

8 (0,0,0) 3 3 0 (0,1,1) 1 0 1 (0,0,0) 0 0 0 

9 (1,0,0) 0 0 0 (1,0,0) 5 5 0 (0,0,0) 1 1 0 

10 (0,0,1) 8 6 2 (1,0,0) 1 0 1 (1,0,0) 4 0 4 

11 (1,1,2) 2 2 0 (0,0,0) 1 1 0 (0,1,1) 0 0 0 

12 (0,1,1) 3 2 1 (0,1,1) 2 1 1 (0,1,1) 4 3 1 

13 (1,0,7) 0 0 0 (0,0,5) 0 0 0 (0,0,0) 0 0 0 

14 (0,0,0) 5 1 4 (0,0,0) 3 0 3 (1,0,0) 4 0 4 

15 (1,0,0) 3 3 0 (0,1,1) 5 1 4 (2,0,0) 0 0 0 

16 (1,0,0) 2 0 2 (1,0,0) 2 1 1 (1,0,1) 2 2 0 

17 (0,0,2) 0 0 0 (1,0,0) 0 0 0 (1,0,0) 0 0 0 

18 (0,1,1) 2 0 2 (0,0,2) 0 0 0 (0,1,5) 1 1 0 

19 (2,1,0) 3 1 2 (0,0,1) 0 0 0 (1,0,0) 0 0 0 

20 (0,0,0) 3 3 0 (1,0,0) 10 3 7 (1,0,0) 0 0 0 

21 (0,0,0) 0 0 0 (0,0,0) 2 1 1 (0,0,0) 0 0 0 

22 (2,0,0) 1 1 0 (3,0,0) 0 0 0 (1,0,0) 0 0 0 

Tot.= total 

Pos.= positive 

Neg.= negative 

3.8 Day-to-day variability and perturbations (extreme values) 

3.8.1 Variability before and after a perturbation (extreme value) 

We compared the variability in the week before the perturbation with the 

variability in the week after the perturbation. A total of 12 comparisons (four comparisons 

for each domain), matching distributions of day-to-day variability of positive and negative 

perturbations, before and after the perturbation, were made with the Monte Carlo 

method. The results show, as reported in table 6, that in the physical domain variability 

before the perturbation was statistically higher than variability after the perturbation, both 

for positive (p= <.001) and negative (p= .033) perturbations. Variability, near a negative 

perturbation (defined as the day-to-day variability detected the week before and after the 

perturbation), was found higher than nearby a positive perturbation, both before (p= .025) 

and after (.001) the peak. These results suggest that before a perturbation, variability was 

higher and this difference was statistically significant. Furthermore, negative perturbations 

presented higher variability in comparison with positive perturbations. 
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In the mental domain, no differences were found, indicating that variability did not 

change in the vicinity of a perturbation. 

Finally, in the social domain variability before a perturbation was higher than after 

(positive p= .016, negative p= .002). Positive perturbations showed also a higher variability 

in comparison with the negative ones the week before (p= .042) and the week after, (p= 

.001) the peak. The results for the social domain confirm the ones found in the physical 

domain with respect to the higher variability before an extreme value. 

Table 6 - Monte Carlo comparisons of daily variability before and after perturbations 

Domain 
Variability 

(I) 

Variability 

(J) 
p 

Variability (I) Variability (J) 

Median SE Median SE 

Physical 

Positive 

before 

Positive 

after 
<.001 .043 .008 .028 .008 

Negative 

before 

Negative 

after 
.033 .050 .013 .043 .009 

Positive 

before 

Negative 

before 
.025 .043 .008 .050 .013 

Positive 

after 

Negative 

after 
.001 .028 .008 .043 .009 

Mental 

Positive 

before 

Positive 

after 
.666 .050 .008 .047 .009 

Negative 

before 

Negative 

after 
.492 .044 .011 .046 .007 

Positive 

before 

Negative 

before 
.786 .050 .008 .044 .011 

Positive 

after 

Negative 

after 
.691 .047 .009 .044 .007 

Social 

Positive 

before 

Positive 

after 
.016 .063 .011 .048 .008 

Negative 

before 

Negative 

after 
.002 .049 .011 .013 .010 

Positive 

before 

Negative 

before 
.042 .063 .011 .048 .011 

Positive 

after 

Negative 

after 
.001 .049 .008 .013 .010 

Positive before= variability before a positive extreme value 

Negative before= variability before a negative extreme value 

Positive after= variability after a positive extreme value 

Negative after= variability after a negative extreme value 

SE= Standard Error 
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3.8.2 General variability and variability before and after a perturbation 

(extreme value) 

In the physical domain we found that in the week before a perturbation the 

variability was significantly higher than the average variability for both positive (p= .003) 

and negative (p< .001) perturbations. Similar results were found in the mental domain for 

negative (p= .038) and positive (p= .002) perturbations. In addition, the variability before a 

negative perturbation in the mental domain was significantly higher than the variability 

after the perturbation (p= .012). Finally, in the social domain, variability before both a 

positive and a negative perturbation was higher than variability in the whole period (p= 

.001) and it was significantly lower after a perturbation value (p= .034). Data are presented 

in table 7. 

These data demonstrate that in the three domains of HRQOL the variability before 

a perturbation was higher as compared to the variability of the whole period. This actually 

means that the perturbation corresponds with a peak in variability during a period of 

increased variability. It seems that, in various respondents, variability comes in waves, 

characterized by a peak. 

Finally, the variability after a negative perturbation was lower than the variability 

during the whole period in the mental and social domain. 
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Table 7 - Monte Carlo comparisons between daily variability near a perturbation and general variability 

Domain Variability (I) Variability (J) N p 
Variability (I) Variability (J) 

Mean SD Mean SD 

Physical 

Positive 

before 
General 10 .003 .078 .009 .065 .035 

Negative 

before 
General 7 .000 .120 .014 .073 .042 

Positive 

after 
General 10 .140 .055 .010 .065 .035 

Negative 

after 
General 7 .274 .068 .009 .073 .042 

Mental 

Positive 

before 
General 10 .002 .091 .014 .073 .033 

Negative 

before 
General 

10 
.038 .082 .012 .063 .037 

Positive 

after 
General 

10 
.430 .072 .010 .073 .033 

Negative 

after 
General 

10 
.012 .045 .007 .063 .037 

Social 

Positive 

before 
General 7 .001 .117 .013 .084 .039 

Negative 

before 
General 8 .001 .106 .011 .088 .035 

Positive 

after 
General 7 .496 .084 .009 .084 .039 

Negative 

after 
General 8 .034 .065 .011 .088 .035 

Positive before= variability before a positive extreme value 

Negative before= variability before a negative extreme value  

Positive after= variability after a positive extreme value 

Negative after= variability after a negative extreme value 

General= variability during the whole period 

SD= Standard Deviation 

3.9 Individual data 

In order to get a better insight in the possible patterns and shapes of individual 

trajectories, directions and time of occurrence of the extreme values, an individual analysis, 

based on three different subjects, was performed. These subjects were selected because 

they differed in terms of HRQOL developmental trajectories, and they are representative of 

a particular type of path (see Figure 2, 3, 4). 

The first subject selected is an 83 years old woman, with a high level of cognitive 

status (MMSE= 30) and a comorbidity health condition. Her HRQOL initial values were: .276 

in the physical domain; .469 in the mental domain; and .622 in the social domain. The initial 

condition indicates that she had a not completely good health condition on the physical 
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side, probably related to the comorbidity situation. Conversely, she had a good HRQOL on 

the mental and social area. During the 100-day diary based research, she ranged between: 

.153 and .724 (range .571) in the physical domain; .314 and .749 (range .435) in the mental 

domain and .267 and .845 (range .578) in the social domain. The last values (day 100) in the 

three domains were: .349; .648; and .659 respectively in the physical, mental and social 

domain of HRQOL. 

The developmental trajectory (Figure 2) showed strictly connected lines of the 

three components of HRQOL during the whole period. In fact, correlations among domains 

were positive and large; specifically: .602 between physical and mental; .543 between 

physical and social; and .630 between mental and social. These data indicate the 

interconnections of the three domains in this specific and individual situation. 

Day-to-day variability showed medium to high values, near the 10% of the total 

range (.077 in physical; .093 in mental and .096 in social domain). 

The first subject showed lots of extreme values in all the domains: 5 in physical, 3 

in mental and 4 in social. The majority of these extreme values (11) were negative. Only in 

the physical domain, a positive extreme value was found. Furthermore, the extreme values 

occurred at the same time in the different domains. The first negative extreme value was 

found in day 25 for the mental and social domain and in day 26 for the physical domain. 

The second extreme value was in day 37 in social and mental domain, while the third one 

was in time 83 in the mental domain and 84 in physical domain. Then two extreme values 

occurred in one domain only, in time 90 in the social area and one in time 100 in the 

physical domain. 
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Time (X axis) is presented as days of observation

HRQOL value (Y axis) is the level of HRQOL on a scale ranging from 0 to 1

Note: subject 3 shows a more stable trend (in comparison with subject 1 and subject 2). The mental domain has 

consistently higher values than the physical and social domains
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in the physical and mental domains higher variability was negatively related to the final 

state measured with validated questionnaires, meaning that individuals with higher daily 

fluctuations in the self

state in final assessments. In the same way, higher physical and mental day

variability was associated with a negative trend in the same domain between initial and last 

measurements. Furthermore, it was found that high d

components of HRQOL was associated with both a lower level and a higher decrease in 

ADL, which represents an indicator of daily autonomy of the older adults and is a predictive 

measure of future health outcomes. Th

variability is related to the development of health outcomes and may be seen as indicator 

of health change in institutionalized older adults. Our data state that subjects with low 

variability presented also a me

that too rigid (thus with low variability) and too flexible (thus with high variability) systems 

are in general not good. However, whether or not this is indeed so depends on the 

characteristics an
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physiological reserve (Fried, 2001). On the other hand, our results suggest that stability of 

HRQOL in the older adult population may be seen as a protective factor, allowing the older 

adult to maintain an optimally stable health status and perception, as a form of coping to 

the stressor life events. 

The second research question focused on the analysis of the individual day-to-day 

HRQOL trajectories and the presence of perturbations or peaks in the developmental path. 

To answer this question, extreme values were established in the individual time serial 

distribution. We found a total number of 121 extreme values. This suggests that HRQOL on 

a daily basis did not proceed with linear and smoothed trajectories. It was interesting to 

find almost 50% of perturbations on the positive side, highlighting the possibility to have 

strong and unexpected positive perturbations in HRQOL also in institutionalized older 

adults. 

The third research question addressed the issue of how individuals may differ with 

regard to the distribution of perturbations over time and domains. We found that HRQOL 

development strongly differed among subjects and that for some subjects perturbations 

appeared in more domains at the same time, while for other subjects, the extreme value 

occurred in one domain only. This may have consequences for the general stability of the 

system. It may well be that subjects with perturbations just in one domain, may suffer from 

instability just in that domain, with the possibility to maintain stable or hardly changeable 

levels in the other domains of HRQOL, meaning that in the individual system there is a weak 

coupling among domains. While subjects with a high number of negative perturbations in 

all the three domains may have a lower level of stability, and their HRQOL may be more 

susceptible to changes with strong decrease of the levels in each domain, indicating a 

strong connection (among domains) in the individual system. The first participant we 

described showed a very dynamic trend line, with high day-to-day variability, strong 

connections among the HRQOL components and high number of extreme values. One of 

the speculations we can offer is that this subject may not have the ability to cope with daily 

life events in all domains simultaneously, and that a perturbation will have an impact on the 

whole system. This condition is supported by the fact that, the presence of several 

perturbations often related in time, indicate a coupled system. This coupling corresponds 

with a theoretically important property of the dynamic and complex nature of HRQOL. The 

second subject can be qualitatively described as a person who had a medium level of 

general day-to-day variability, but who also had a wide range of variation because of a 

hospitalization period. The correlations between the three domains were weak, and during 

the whole period of the study there was always a domain (physical in the first phases and 

social in the latest period) that had a higher level compared with the other two. In sum, as a 
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speculation, this condition may be seen as the individual response to the daily life events, in 

which one or two domains may be compromised but at least one domain tries to adapt to 

the perturbations. Finally, the third selected participant, did not show any perturbation in 

the whole period. This subject may be described as a person who was able to adapt to the 

daily demands and stressors without having large variations in all three domains. 

Furthermore, in its stability, this subject showed a generally higher level in the mental 

domain. Our speculation may indicate a stable and coupled system, in which any external 

perturbation is assimilated by the system in order to maintain the general trend of HRQOL. 

These three examples show that clear individual differences exist in the developmental 

trends, distribution, numbers and co-occurrence of perturbations, in different domains. At 

the same time, these examples show that individuals do not differ only in terms of HRQOL 

values, variability and long-term trends, but they differ also in the organization of HRQOL. 

Furthermore, the analysis of time series data was useful to capture the structure of the 

individuals HRQOL development and eventually allowed us to see them as examples of 

subgroups in the whole sample. 

These findings about individual differences in presence and occurrence of 

perturbations, suggest that in the analysis of developmental trajectories and relations 

among HRQOL domains, the recommended and useful strategy should be the analysis of 

individual data, with a person-oriented approach. On the contrary, a group-based approach 

may result in less representative findings, because this approach does not take into account 

important information about the individual differences in the development of the construct 

over time. 

The fourth and last research question of the study was to analyze the relation 

between variability and perturbations. We focused on the analysis of day-to-day variability 

close to extreme values, because variability may show anomalous behavior when the 

system is close to an instability phase (van der Maas & Molenaar, 1992). Results showed 

that before a perturbation variability was, in general, higher as compared to variability of 

that individual after the perturbation or as compared to the whole distribution, especially in 

case of negative extreme values. That is, variability seems to increase and decrease in the 

form of waves, at least in a number of subjects. From a Dynamic Systems perspective, 

variability is seen as consequence of interactions of the complex nature of the system with 

the environment and with accidental events (Kunnen, 2012). The increase in day-to-day 

variability may be a sort of indicator of temporary instability in the system that may change 

or compromise the developmental trend. It suggests that an extreme value may not simply 

be caused by an external event, but that it is produced by the whole system.  
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Our study is a first attempt to identify the role of day-to-day variability in 

individual time serial data of HRQOL in the ageing process, and further studies are needed 

to clarify and elaborate this role. Nevertheless, this study already gives interesting insights 

in the nature and the development of HRQOL in late life. In particular, the role of day-to-

day variability emerges as an important indicator of final outcomes and developmental 

trends (change between day 1 and day 100 and occurrence of perturbations). 

The role of day-to-day variability, which requires further analysis, may have 

important applied consequences. First of all, this study demonstrated the feasibility of a 

daily assessment among institutionalized older adults, with the possibility to capture - with 

an easily applicable and short instrument - the salient characteristics of HRQOL, suggesting 

the possibility of a wide use of this kind of assessment in clinical and research settings.  

Furthermore, especially in clinical practice, the use of daily measures and 

variability indicators may be strongly informative about the process acting on a person on a 

daily basis, capturing dimensions of self-report health-status and experienced-health (Testa 

& Simonson, 1996). Analysis of daily data and day-to-day variability may have an application 

mainly in preventive strategies, that is, it may have consequences for analyzing the 

effectiveness of interventions or changing the activities proposed inside a residential care 

facility on the basis of the daily assessments. Furthermore, other possibilities may be 

related to the assessment of the effects of interventions on a daily basis. An example may 

be the impact of poly-pharmacotherapy on HRQOL. Assessing daily HRQOL may help to 

detect silent side effects of the drug therapy, by means of the analysis of the day-to-day 

variability. Another impact is related to healthy ageing policy makers who may use 

individual HRQOL assessment as the basis to promote, disseminate and test the feasibility 

of several preventive solutions and activities. 

In all these cases the focus is on two important concepts: (i) preventive strategies, 

necessary in a world that continues to grow increasingly older, and (ii) a person-centered 

approach, that may have the possibility to intervene on an individual basis, allowing more 

reliable and better results in terms of compliance to preventive campaigns and the 

maintenance of health status. Moreover, as stated before, the person-oriented approach 

emerges here as the more suitable approach for the study of HRQOL time-serial data. 

Daily data may be suitable and useful for new research questions and designs. The 

future steps may be connected to an individualized and preventive approach as cited 

above. The Dynamic Systems approach is person-oriented (Kunnen, 2012), and in the 

future, data presented here in an aggregated form will be analyzed also on an individual 

basis in order to understand personal characteristics in the development of the construct. 
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Furthermore, from an applied and research point of view, it could be interesting to analyze 

how different types of preventive interventions influence trajectories of HRQOL. 

Despite the long list of possible interesting developments starting from the results 

presented here, it is necessary to highlight some limitations of the current study. The 

sample may be seen as a first limitation, because of its small size in comparison with 

demographic or clinical studies. However, the sample size and the number of observations 

collected for this paper are generally sufficient for the study of individual characteristics 

and development. In terms of a dynamic systems approach, the main limitation regards the 

relatively little attention given here to the analysis of individual data, focusing primarily on 

group-based analyses. This choice was made because this study represents the first 

evidence about the usefulness of HRQOL time-serial data in a sample of institutionalized 

older adults. As such, it may serve as a basis for further and more person-centered 

investigations. 

A second limitation (which can also be seen as an interesting indicator of 

adaptation to new demands) was related to the consistency and perturbations of the daily 

measures during the first three weeks. This situation was probably due to a period of 

adaptability to the diary-based assessments, and in our opinion, it is unrelated with the 

constructs under study and types of measurements. Data from the first 20 days were 

excluded from the analysis. 

Another limitation was related to the selection of residential care facilities and 

participants. It was not possible to randomly choose residential care facilities, because we 

need the voluntary participation of staff and direction members and it was necessary that 

the involved facilities had a similar weekly plan of activities. In addition, the participants 

were selected on a voluntary basis, if they met all the inclusion criteria. However, this will 

always be a problem of real-life research in the social sciences, since it was our intention to 

study real phenomena in real contexts. This possible methodological limitation does, in our 

opinion, not have negative implications on data collection and analysis. 

Despite these limits, we have good hopes that the results presented here may be 

informative and innovative, giving to both clinicians and researchers new ideas and points 

of view about developmental trajectories of HRQOL during the ageing process. 
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