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ABSTRACT 

Quality of life is a broad concept defining a person’s health, well-being and 
satisfaction in life. The aim of the present thesis was to examine how factors known 
to be important in cardiovascular disease prevention are related to quality of life and 
work ability among employees of the city of Pori. The factors studied included health 
habits, psychological symptoms and sleep quality.  

The present study is part of the PORTAAT (PORi to Aid Against Threats) study, 
which aims to examine cardiovascular risk and protective factors among the 
employees of the city of Pori. Altogether 836 employees participated in the study in 
2014, and 710 of them attended the follow-up visit in 2015. The majority of the 
participants were female. Information about the participants was gathered using self-
administered questionnaires. Physical examinations were performed and laboratory 
measurements were taken. Quality of life was assessed using the EUROHIS-QOL 8-
item index, and self-reported work ability with the Work Ability Index.  

Quality of life of the study participants was on the same level as in the Finnish 
general population, and work ability among them was good on average. Good sleep 
quality, ideal cardiovascular health, frequent use of healthy foods as well as absence 
of occupational stress, depressive symptoms, anxiety, and chronic illnesses were 
associated with good quality of life. Good sleep quality, and absence of occupational 
stress and chronic illnesses were associated with good work ability. An improvement 
in sleep quality was associated with a positive change in quality of life and work 
ability, and increased use of sleep medications was associated with a decline in work 
ability.  

This thesis provided information about several important factors associated with 
quality of life and work ability of the employees. However, the associations of good 
sleep quality with good quality of life and work ability were especially emphasised 
in this study. Accordingly, it would be important to pay attention to sleep problems 
among working-age people in primary and occupational healthcare. 

KEYWORDS: EUROHIS-QOL 8-item index, healthy diet, ideal cardiovascular 
health, occupational stress, quality of life, quality of sleep, work ability 
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TURUN YLIOPISTO 
Lääketieteellinen tiedekunta 
Kliininen laitos 
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TIIVISTELMÄ 

Ihmisen terveyttä, hyvinvointia ja tyytyväisyyttä elämäänsä voidaan kuvata laajasti 
elämänlaadun käsitteellä. Tämän väitöstutkimuksen tavoitteena oli selvittää, miten 
tekijät, joiden tiedetään olevan tärkeitä sydän- ja verisuonitautien ehkäisyssä, ovat 
yhteydessä elämänlaatuun ja työkykyyn Porin kaupungin työntekijöillä. Tutkittuja 
tekijöitä olivat esimerkiksi elämäntavat, psyykkiset oireet ja unen laatu. 

Väitöstutkimus oli osa PORTAAT (PORi to Aid Against Threats) -tutkimusta, 
jonka tavoitteena on selvittää valtimotautien riski- ja suojatekijöitä Porin kaupungin 
työntekijöillä. Tutkimukseen osallistui 836 työntekijää vuonna 2014, ja 
seurantakäynnille vuonna 2015 heistä saapui 710. Enemmistö tutkittavista oli naisia. 
Tiedot tutkittavista kerätiin kyselykaavakkeilla, ja lisäksi heille suoritettiin 
mittauksia ja laboratoriotutkimuksia. Elämänlaatua selvitettiin EUROHIS-QOL-8 
mittarilla ja työkykyä Work Ability Score -mittarilla.  

Tutkittavien elämänlaatu oli samalla tasolla kuin suomalaisessa väestössä 
keskimäärin, ja he arvioivat työkykynsä olevan kesimäärin hyvä. Hyvä unen laatu, 
ihanteellinen sydänterveys ja hyvien ruoka-aineiden runsas käyttö olivat yhteydessä 
hyvään elämänlaatuun. Työstressi, masennus- ja ahdistuneisuusoireet sekä krooniset 
sairaudet taas olivat yhteydessä huonompaan elämänlaatuun. Hyvä unen laatu oli 
yhteydessä hyvään työkykyyn, ja työstressi sekä krooniset sairaudet yhteydessä 
huonompaan työkykyyn. Unen laadun paraneminen vuoden seurannassa oli 
yhteydessä elämänlaadun ja työkyvyn paranemiseen, ja unilääkkeiden käytön 
lisääntyminen oli yhteydessä työkyvyn huononemiseen.  

Tutkimuksessa saatiin tietoa useista tärkeistä tekijöistä, jotka ovat yhteydessä 
työntekijöiden elämänlaatuun ja työkykyyn, mutta erityisesti siinä korostui unen 
laadun yhteys sekä elämänlaatuun että työkykyyn. Perusterveydenhuollon ja 
työterveyshuollon vastaanotoilla olisikin tärkeää kiinnittää erityistä huomiota 
työikäisten uniongelmiin.  

AVAINSANAT: elämänlaatu, EUROHIS-QOL-8, ihanteellinen sydänterveys, 
terveellinen ruokavalio, työkyky, työstressi, unen laatu  
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1 Introduction 

General quality of life (QoL) is maybe the most comprehensive outcome to measure 
health and well-being of an individual, and therefore encompasses numerous aspects. 
Physical and mental health, social relationships and environmental aspects are 
known to affect a person’s perception of QoL and are thus evaluated with 
measurement tools for general QoL (Power, 2003; WHOQOL Group, 1998a, 
1998b). Along with QoL, work ability is a factor with great significance for working-
age people, and according to previous literature, a wide range of factors are 
negatively related to both QoL and work ability. Many of these are also known to be 
risk factors for non-communicable diseases, especially cardiovascular (CV) disease. 
For example depression, poor sleep quality, obesity, occupational stress and 
unhealthy diet have been shown to be associated with poorer QoL (Khatatbeh et al., 
2022; Matsui et al., 2021; Saarni et al., 2007; Vajdi & Farhangi, 2020; Vesikansa et 
al., 2022) and work ability (Andersen et al., 2017; Mokarami et al., 2020; Oellingrath 
et al., 2019; Shiri et al., 2013; Yong et al., 2013), and all of these are also known risk 
factors for CV disease (Kivimäki et al., 2018; Kwok et al., 2018; Visseren et al., 
2021; Wium-Andersen et al., 2020). This information might be used in designing 
health promotion, especially for the working-age population. It is sometimes difficult 
to motivate people in midlife to improve their health habits in order to prevent CV 
disease when they are older. Instead, improvements in well-being and capability in 
the near future might be better motivators. The bidirectional relationship between 
health behaviour and subjective well-being has also been detected in prospective 
studies, which confirms the usefulness of this approach (Stenlund et al., 2021a, 
2021b, 2022). In addition, good QoL and work ability as such are essential goals for 
any treatment and health promotion.  

In previous literature, health-related QoL (HRQoL) among public sector 
employees (Holstila et al., 2017; Lahelma et al., 2016) has been on an average level 
compared to the reference values of the 36-item Short Form Health Survey (SF-36) 
instrument (Ware et al., 1994). In addition, work ability among public sector 
employees in Finland (Saltychev et al., 2013) has been found to be approximately 
on the same level as in the Finnish general population (Gould et al., 2008; Kinnunen 
& Nätti, 2018; Koponen et al., 2018). However, information has been scarce about 
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the level of general QoL, and the factors associated with QoL or work ability among 
the public sector employees. More information about the essential factors associated 
with QoL and work ability of Finnish working-age people could help in designing 
effective health promotion for this population.  

This thesis study was conducted to examine general QoL and work ability levels 
among public sector employees of the City of Pori and to assess the essential factors 
associated with these outcomes. The aims of the substudies were chosen from the 
aspect of combining information on QoL and work ability with factors important in 
health promotion and especially CV disease prevention. The study population 
consists of an active workforce with a mean age of 48 years, which makes them ideal 
subjects for health promotion in order to prevent a decline in health and work ability. 
The concept of ideal CV health, studied in the first substudy, was originally 
designend to offer cut-off values for health metrics leading to the best possible CV 
health, but information was scarce about the association between levels of ideal CV 
health and QoL. In the second substudy, the possible explanatory factors associated 
with QoL and work ability in the study population were studied as widely as possible. 
Several sociodemographic and work-related factors, as well as psychological 
symptoms and health habits were considered because they were known to be 
associated with QoL and work ability according to previous literature. It was thought 
that finding the most important factors associated with good and, accordingly, poor 
QoL and work ability, would help in target health-promoting actions to relevant 
factors. As sleep quality appeared to be a very significant factor associated with both 
QoL and work ability in the multivariable models of the first two cross-sectional 
substudies, changes in three relevant sleep parameters in relation to changes in QoL 
and work ability were studied in the third study with a prospective follow-up design. 
In the fourth work, the association of healthy and unhealthy food consumption with 
QoL was studied. Because diet is maybe the most important modifiable risk factor 
of metabolic diseases such as obesity and type 2 diabetes, it is also one of the 
essential targets for health promotion.  
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2 Review of the Literature 

In this review of the literature, I will first introduce the definition and assessment of 
QoL, the main outcome measure of this thesis. I will present some previous 
information about factors known to be associated with QoL, as well as levels of QoL 
in different populations. After that, I will go through some previous literature about 
CV health and dietary habits in association with QoL. Thereafter, I will introduce 
the secondary outcome measure, work ability, and present previous information 
about sleep and work-related factors, which are studied in this thesis in association 
with both QoL and work ability.  

2.1 Quality of Life 

2.1.1 History of Defining and Measuring Well-Being 
People have always sought happiness and a way to live a good life, but the most 
desirable goals have changed considerably through history (Veenhoven, 2017). Over 
time, philosophers, economists and medical researchers have also tried to define and 
measure our well-being or QoL. The simplest way of assessing well-being among 
the people of a nation is probably by measuring the gross domestic product. 
However, it is a very coarse indicator and tells nothing about how the wealth is 
distributed among the people. Combining the financial state with mortality or 
morbidity rates gives some more information, but again, with these tools, very little 
is known about how satisfied people are with their lives.  

The interest of assessing QoL in medicine became more important when medical 
treatments began to lengthen the lifespan of patients. However, the additional time 
was sometimes of very bad quality. On the other hand, some treatments were able to 
improve QoL without extending the length of life (Kaplan & Bush, 1982). Simple 
measures of morbidity rates alone were thus no longer seen as valid for assessing 
population health (Bergner, 1985). The need to do so, and a desire to measure well-
being beyond physical health status, led in the 1980s to the development of some 
measurement tools for the patients’ functional status (WHOQOL Group, 1998b). In 
addition, tools to assess the impact of disease and impairment on daily activities and 
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behaviour, like the Sickness Impact Profile (Bergner et al., 1981), as well as 
instruments to measure perceived or self-rated health, like the Nottingham Health 
Profile (Hunt et al., 1981), were developed. However, these tools did not measure 
QoL per se, which was still referred to as ‘the missing measurement in health’ 
(Fallowfield, 1990; WHOQOL Group, 1998c). 

One of the first attempts to develop an assessment tool for a wide, self-rated health 
status or general HRQoL, was the introduction of the SF-36 at the beginning of the 1990s 
(Ware & Sherbourne, 1992). However, a tool for measuring comprehensive, general 
QoL was still missing. Therefore, the World Health Organization (WHO) initiated the 
World Health Organization Quality of Life (WHOQOL) project in the early 1990s, to 
develop an internationally validated assessment tool for general QoL. Another goal of 
the project was to promote the holistic and humanistic aspects of health by calling for 
QoL measurements in healthcare. This perspective was based on the WHO definition of 
health as ‘a state of physical, mental and social well-being, not merely the absence of 
disease and infirmity’ (WHO, 1948).  

To begin, the WHOQOL project needed to find agreement on a comprehensive 
definition of QoL. The new WHO definition of QoL was established in 1995 as 
‘individuals’ perception of their position in life in the context of the culture and value 
systems in which they live and in relation to their goals, expectations, standards and 
concerns. It is a broad ranging concept affected in a complex way by the persons’ 
physical health, psychological state, level of independence, social relationships and their 
relationship to salient features of their environment’ (WHOQOL Group, 1995). This 
definition presents QoL as a multidimensional concept that may reveal some deeper 
understanding of a person’s well-being. Therefore, it makes QoL a very interesting 
outcome to assess, yet quite difficult to measure. During the WHOQOL project, tools 
for measuring general QoL were developed. First, the 100-item WHOQOL-100 
(WHOQOL Group, 1998b) and then a 26-item shortened version, WHOQOL-BREF 
scale (WHOQOL Group, 1998a), which is easier to use in health surveys.  

2.1.2 Assessment of Quality of Life 
To date, there are dozens of different scales for assessing QoL. The scales used in 
medical research are divided into tools measuring general or generic QoL and HRQoL. 
Again, the term ‘general QoL’ is used for both general HRQoL and QoL in its most 
multidimensional form, which makes the issue somewhat more complicated. 
However, the assessment tools for general QoL and general HRQoL are composed so 
that major chronic illnesses and psychiatric conditions (especially depression), as well 
as low socio-economic status, are usually associated with lower estimates of QoL. 

Perception of general QoL in its most comprehensive form is usually based on 
the WHO definition of QoL, and one of its most popular measurement tools is 
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probably the 26-item WHOQOL-BREF scale (WHOQOL Group, 1998a), with over 
2700 search matches in PubMed. This measurement tool includes domains for 
physical and mental health, level of independence and social relationships, as well 
as domains assessing environmental factors (e.g. financial resources and 
opportunities in one’s living place), and personal values and beliefs.  

The measurement tools for HRQoL can be used to assess a person’s perception 
of QoL as affected by their health status. The measures are also used to calculate the 
likely impact of a treatment on the life of a patient. Measuring tools for general 
HRQoL typically include domains for physical and mental health and often also 
domains for level of independence and social relationships. It is thought that these 
domains can be directly affected by the use of medicines and other medical 
treatments (EUPATI, n.d.). One of the most popular tools for measuring general 
HRQoL is the SF-36 (Ware & Sherbourne, 1992), with over 16,000 search results in 
PubMed. To get a more precise assessment of how a certain health issue affects a 
person’s HRQoL, specific tools have been developed to assess disease- or organ-
specific HRQoL, such as breast cancer, kidney transplant or oral HRQoL.  

In my thesis, I used the EUROHIS-QOL 8-item index (EUROHIS-QOL) to 
assess quality of life. It is a short tool for the assessment of general QoL and is 
derived from the WHOQOL-BREF scale. In this review of the literature, I will 
introduce the EUROHIS-QOL tool and its parent questionnaires WHOQOL-100 and 
WHOQOL-BREF. I will also introduce the most important assessment tools for 
general HRQoL. 

WHOQOL-100 

As already mentioned, the measurement tools for general QoL are mostly based on 
the work of the WHOQOL project in the early 1990s. The aim of the project was to 
develop a QoL assessment tool that would be applicable cross-culturally. Rather than 
simply developing a tool in one language and translating it into other target 
languages, the aim was to simultaneously develop the assessment tool in several 
languages for use in multiple cultures. After agreement on the WHO definition of 
QoL, the definition was broken down into domains and smaller facets that were 
considered necessary for the assessment. Field-testing for the pilot study was 
conducted in 15 centres on six continents, and 25 facets (each containing four 
questions) from six domains were chosen to the final WHOQOL-100. All questions 
are answered on a five-point Likert-type scale from 1 (very poor) to 5 (very good), 
concerning the respondent’s preceding two weeks. Each facet score can range from 
4 to 20, and the domain scores for the WHOQOL-100 are calculated by taking the 
mean of all facet scores included in each domain. (WHOQOL Group, 1995, 1998c)  
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The domains and facets are presented in Table 1. The WHOQOL-100 is 
validated in several countries and among groups with different health states. It has 
good internal consistency and discriminant validity, as well as a good test–retest 
reliability (Den Oudsten et al., 2009; Masthoff et al., 2005; Paredes et al., 2010; 
Skevington et al., 2001). It gives a detailed assessment of individual facets relating 
to QoL. However, it may be too lengthy, for example, for large epidemiological 
studies or for clinical use to assess treatment efficacy (WHOQOL Group, 1998a). 

Table 1.  The World Health Organization Quality of Life (WHOQOL-100) domains and facets. 

Overall Quality of Life and General Health  
Domain I Physical  
 1 Pain and discomfort 
 2 Energy and fatigue 
 3 Sleep and rest 
Domain II Psychological  
 4 Positive feelings 
 5 Thinking, learning, memory and concentration 
 6 Self-esteem 
 7 Bodily image and appearance 
 8 Negative feelings 
Domain III Level of Independence  
 9 Mobility 
 10 Activities of daily living 
 11 Dependence on medication or treatments 
 12 Working capacity 
Domain IV Social Relationships  
 13 Personal relationships 
 14 Social support 
 15 Sexual activity 
Domain V Environment  
 16 Physical safety and security 
 17 Home environment  
 18 Financial resources 
 19 Health and social care: availability and quality 
 20 Opportunities for acquiring new information and skills 
 21 Participation in and new opportunities for recreation/leisure 
 22 Physical environment: (pollution/noise/traffic/climate) 
 23 Transport 
Domain VI Spirituality/Religion/Personal Beliefs  
 24 Spirituality/religion/personal beliefs 

Modified from WHOQOL Group, 1998b. 
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WHOQOL-BREF 

To obtain a shorter version of the WHOQOL-100, the WHOQOL-BREF scale was 
developed by the WHOQOL Group soon after the initial measurement tool was 
introduced. The shortened tool was designed particularly for the use in large 
epidemiological studies where the WHOQOL-100 would have been too long. The 
comprehensiveness of the tool was maintained by selecting one question from each 
of the 24 facets of WHOQOL-100. In addition, two items from the Overall QoL and 
General Health facet were selected. The WHOQOL-BREF thus consists of 26 
questions. The domains and facets of WHOQOL-BREF are presented in Table 2. 
The number of the domains is now four instead of six in WHOQOL-100. In this 
questionnaire all items are also answered on a five-point Likert-type scale from 1 
(very poor) to 5 (very good) concerning the two preceding weeks. Domain scores for 
the WHOQOL-BREF can range from 4 to 20 (WHOQOL Group, 1998a).  

Domain scores produced by the WHOQOL-BREF have been shown to correlate 
well with the WHOQOL-100 domain scores. WHOQOL-BREF internal consistency 
was found to be good, and discriminant validity between ill and healthy respondents 
was also shown to be comparable with WHOQOL-100 (WHOQOL Group, 1998a). 
Since its introduction, the WHOQOL-BREF has become much more popular among 
researchers than its parent questionnaire, probably because its length is one-fourth 
of that of the WHOQOL-100, but it is still able to give a comprehensive assessment 
of the participants’ general QoL (WHOQOL Group, 1998a). 
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Table 2.  The WHOQOL-BREF domains and facets (items). One item from each facet of the 
WHOQOL-100 was selected for the questionnaire, except from Overall Quality of Life 
and General Health, from which two items were selected. 

Overall Quality of Life and General Health (2 Items) 
Domain I Physical Health  

 1 Pain and discomfort 
 2 Sleep and rest 
 3 Energy and fatigue 
 4 Mobility 
 5 Activities of daily living 
 6 Dependence on medicinal substances and medical aids 
 7 Work capacity 

Domain II Psychological 
 8 Positive feelings 
 9 Thinking, learning, memory and concentration 
 10 Self-esteem 
 11 Bodily image and appearance 
 12 Negative feelings 
 13 Spirituality/religion/personal beliefs 

Domain III Social Relationships 
 14 Personal relationships 
 15 Social support 
 16 Sexual activity 

Domain IV Environment 
 17 Freedom, physical safety and security 
 18 Home environment 
 19 Financial resources 
 20 Health and social care: accessibility and quality 
 21 Opportunities for acquiring new information and skills 
 22 Participation in and opportunities for recreation/leisure activity 
 23 Physical environment (pollution/noise/traffic/climate) 
 24 Transport 

Modified from WHOQOL Group, 1998a. 

EUROHIS-QOL 8-item Index 

An even shorter assessment tool for general QoL is the EUROHIS-QOL 8-item 
index (EUROHIS-QOL), which was developed as part of the European Health 
Interview Survey (EUROHIS) project and introduced in 2003. The EUROHIS 
project, run by the WHO Regional Office for Europe, aimed to develop common 
survey instruments for European countries to enhance the comparability of national 
health data from health interview surveys. The EUROHIS-QOL instrument was 
developed on the basis of the WHOQOL-100 and the WHOQOL-BREF, and the 
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large, multinational samples of the parent instruments could be utilised in the 
development work (Power, 2003).  

The domains of the EUROHIS-QOL are similar to the longer instruments. In 
EUROHIS-QOL there are two items about overall QoL and general health, and two 
items from the domains of physical health and environmental aspects. In addition, 
there is one item about psychological aspects as well as social relationships (Table 
3). The respondent is asked to answer the eight items of the EUROHIS-QOL 
concerning the prior two weeks, and the items are answered using a five-point Likert-
type scale. Every question is scored from 1 (very poor) to 5 (very good). All scores 
can be added together and divided by 8 (the sum of the questions) to obtain the 
EUROHIS-QOL mean score (Schmidt et al., 2006).  

The items for the tool were selected through careful analyses of the ones used in 
the parent instruments, to find the item or items that best represent the whole domain 
(Power, 2003). The derived version showed good internal consistency (Cronbach’s 
alpha 0.80) and acceptable convergent validity with physical and mental health 
measures in the field testing in Germany, France and the United Kingdom (UK) 
(Power, 2003). A few years later, further validation studies were conducted in nine 
European countries and Israel. In these studies, the EUROHIS-QOL was shown to 
distinguish well between the physically or mentally ill population and healthy 
individuals across all countries. Again, the internal consistency of the tool was found 
good. All the participants in these studies were >35 years of age and almost 90% of 
the participants were <65 years of age. Half of the participants were employed or 
self-employed, and 24% were retired (Schmidt et al., 2006). There is also a study 
about EUROHIS-QOL, conducted in six countries (Australia, Brazil, Israel, Russia, 
Spain and the United States (US)) among primary care patients with a new confirmed 
diagnosis of major depression. In this setting, properties of the EUROHIS-QOL were 
assessed and also compared to the WHOQOL-BREF. Internal consistency was also 
found to be good (Cronbach’s alpha 0.78) in this population, and the EUROHIS-
QOL showed acceptable discriminant validity between depressed and nondepressed 
patients. The tool was also shown to be sensitive to change. The results of this study 
affirmed that the EUROHIS-QOL had retained the good psychometric properties of 
its parent WHOQOL-BREF (Da Rocha et al., 2012). 

Despite its well-validated properties, the EUROHIS-QOL has not been used very 
often in medical research. It has, however, been used in national heath surveys to 
assess QoL in Finland (Koponen et al., 2018; Koskinen et al., 2012), and there are 
Finnish national reference values for the EURHIS-QOL. The short and simple form 
of this tool makes it a useful instrument for assessing general QoL in studies where 
questionnaires should be as short as possible. I think that it could also be used to 
measure QoL, for example, at general practitioners’ appointments, because a holistic 
approach to patients’ lives is emphasised in primary healthcare. 
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Table 3.  The EUROHIS-QOL 8-item index domains and items. 

Overall Quality of Life and General Health 
 1 How would you rate your quality of life? 
 2 How satisfied are you with your health? 

Domain I Physical Health 
 3 Do you have enough energy for everyday life? 
 4 How satisfied are you with your ability to perform your daily activities? 

Domain II Psychological 
 5 How satisfied are you with yourself? 

Domain III Social Relationships  
 6 How satisfied are you with your personal relationships? 

Domain IV Environment 
 7 Have you enough money to meet your needs? 
 8 How satisfied are you with the conditions of your living place? 

From Power, 2003. 

The SF-36 and SF-12 Instruments 

The most-used assessment tool for general HRQoL is the SF-36, which was 
developed in the US and introduced at the beginning of the 1990s. It was first 
developed by the RAND corporation to measure health status in the Medical 
Outcomes Study (MOS), and the instrument was named the MOS SF-36 (Ware & 
Sherbourne, 1992). The licence of the instrument was then shifted to the MOS Trust 
Inc., but soon after that the RAND corporation introduced largely the same tool 
again, as the RAND 36-Item Health Survey 1.0 (RAND 36). The RAND 36 includes 
the same items as the ones in the SF-36, but the recommended scoring algorithm is 
somewhat different (Hays et al., 1993). A major difference between the tools is that 
the RAND 36 can be used in research free of charge, whereas SF-36 can only be 
used with a commercial licence (Lahelma et al., 2022). However, ‘SF-36 survey’ 
returns over 16,000 matches in PubMed, making it far more popular than any other 
measurement tool for QoL.  

The SF-36 includes one multi-item scale that assesses eight health concepts: 1) 
limitations in physical activities because of health problems; 2) limitations in social 
activities because of physical or emotional problems; 3) limitations in usual role 
activities because of physical health problems; 4) bodily pain; 5) general mental 
health (psychological distress and well-being); 6) limitations in usual role activities 
because of emotional problems; 7) vitality (energy and fatigue); and 8) general health 
perceptions (Ware et al., 1993; Ware & Sherbourne, 1992). There are altogether 35 
questions concerning the most recent four-week period and one question about 
changes in health over 12 months (Ware & Sherbourne, 1992). The questions are 
answered on Likert scales or dichotomised (Yes/No), and the answers are coded 
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according to a scoring manual. The sum score of every scale (health concept) can 
vary between 0 and 100, with higher scores indicating better results. There are also 
instructions on how to calculate component summary scores for physical and mental 
HRQoL from the sum scores of the eight scales (Ware et al., 1993, 1994). As a major 
difference compared to the WHO assessment tools for general QoL, most of the 
items in the SF-36 handle the limitations in well-being caused by health problems, 
not the dimensions of QoL themselves. This is, of course, one of the main ideas in 
assessing HRQoL.  

There is also a shortened version of the SF-36, the 12-Item Short-Form Health 
Survey (SF-12), which was introduced in 1996. In the SF-12, the eight concepts of 
SF-36 are not handled separately, but the results from the 12 items are presented with 
Physical Component Summary (PCS) and Mental Component Summary (MCS) 
scores. The items were selected from the SF-36 questionnaire to best reproduce the 
variance in SF-36 PCS and MCS measures in the general US population and to 
reproduce the average scores for both SF-36 summary scores. The SF-12 was 
validated using the SF-36 as reference, and both PCS and MCS scores showed good 
relative validity in discriminating between groups of different health conditions. The 
test–retest reliability of the SF-12 was also on an acceptable level (Ware et al., 1996). 

The EQ-5D Instrument 

The EQ-5D is a short instrument to measure generic health status or HRQoL. It was 
developed by the EuroQoL Group, an international group of scientists originally 
from five European countries. The group was established in 1987, and the new 
assessment tool was introduced in 1990 (EuroQoL Group, 1990).  

The instrument consists of a descriptive part and a quantitative visual analogue 
scale (VAS) of self-rated health. The descriptive part covers five dimensions of 
health: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. 
Each dimension is divided in the original version (later referred to as the EQ-5D-3L) 
into three levels: 1=no problem, 2=some or moderate problems, and 3=extreme 
problems. The results from the descriptive part can be presented as percentages of 
participants having problems with specific dimensions, or as a summative index 
figure, calculated according to specific instructions (EuroQol Research Foundation, 
2021a). The quantitative measure of the instrument, EQ-VAS, is a 20-cm vertical 
VAS, anchored at 100 (best imaginable health state) at the top and 0 (worst 
imaginable health state) at the bottom (EuroQoL Group, 1990; EuroQol Research 
Foundation, 2021a; Rabin & De Charro, 2001). The validation of the instrument was 
first made in studies conducted in the UK, the Netherlands and Sweden (EuroQoL 
Group, 1990). Since then, the properties of the instrument have been tested in several 
populations.  
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In 2005, an EuroQoL task force was established to find ways to improve the EQ-
5D instrument’s sensitivity and reduce the ceiling effects by increasing the number 
of severity levels. A new version, referred to as the EQ-5D-5L, with five response 
levels was developed (EuroQol Research Foundation, 2021b; Herdman et al., 2011). 
The same dimensions as in EQ-5D-3L were used, but the new answering options 
were 1=no problem (no pain or anxiety), 2=slight problems, 3=moderate problems, 
4=severe problems, and 5=unable to do (extreme pain or anxiety). The EQ-5D-5L 
has shown similar or better measurement properties compared with the EQ-5D-3L 
(Buchholz et al., 2018). Several studies have indicated that the 5L classification 
system can improve the discriminative power of health difference and decrease the 
ceiling effects compared to the 3L version (Janssen et al., 2018; P. Wang et al., 
2016).  

2.1.3 General Quality of Life in Finland  
General QoL among the Finnish working-age population has in the latest two 
decades remained basically unchanged, and most people from the ages of 30 to 69 
rate their QoL as good. However, a significant improvement has occurred in QoL of 
older inhabitants in Finland during the last twenty years. No significant differences 
between genders are detected in QoL in Finland (Koponen et al., 2018; Koskinen et 
al., 2012). QoL at population level has been assessed most recently in the FinHealth 
2017 survey, in which the assessment tools used were the EUROHIS-QOL and a 
three-level assessment of self-rated quality of life (good/moderate/poor) (Koponen 
et al., 2018). In that survey, the estimates of QoL tended to decline in older age, but 
only in the population over 70 in the self-rated QoL and over 80 in the EUROHIS-
QOL (Table 4). FinHealth 2017 was a comprehensive nationally representative 
health examination survey, coordinated by the Finnish Institute for Health and 
Welfare (THL). There are data from about 6,500 Finnish inhabitants, representing 
the whole country. Over 4,000 of the respondents were of working age. The results 
from the earlier comparable Health 2011 survey are considered national reference 
values for the EUROHIS-QOL instrument (Koskinen et al., 2012).  

The measures in EUROHIS-QOL in Finland are approximately on the same level 
as in other Western European countries (the EUROHIS-QOL mean scores of Finnish 
people aged 30–80+ years are presented in Table 4). The mean scores in general 
population samples were 3.8 in France, 4.1 in Germany and 4.0 in the UK, and the 
differences between genders were minor. These samples consisted of randomly 
selected individuals aged 35–75 years. The proportion of participants aged 66–75 
years was 12.5% in every sample (Schmidt et al., 2006). It would be especially 
interesting to compare the Finnish figures with results from other Nordic countries 
(Sweden, Denmark, Norway, or Iceland), since they have welfare state systems very 
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similar to those in Finland. To my knowledge, unfortunately, no information is 
available about EUROHIS-QOL levels among the general population in the Nordic 
countries other than Finland.  

Some comparisons of general QoL between the Nordic countries can, however, 
be made using data from WHOQOL-BREF measurements among the general 
population, but use of this tool has been quite scarce in Finland and Sweden. In a 
study for the validation of WHOQOL-BREF in Denmark from 2004 (Noerholm et 
al., 2004), the mean scores of the four domains of the tool were presented on a 0–
100 scale as follows: Physical, 77; Psychological, 69; Social relationships, 69 and 
Environmental, 74. In this study the participants were 1,600 males and females aged 
approximately 20–80 years (Noerholm et al., 2004). In a study for the validation of 
WHOQOL-BREF in Norway (Kalfoss et al., 2021), the figures were presented at a 
4–20 scale but can be transformed to a 0 – 100 scale (WHOQOL Group, 1998a). On 
that scale the figures were as follows: Physical, 79; Psychological, 75; Social 
relationships, 71 and Environmental, 77. These data were from the year 2009, and 
the participants were 650 randomly selected Norwegians aged 18–75 years (Kalfoss 
et al., 2021). In a study for the validation of WHOQOL-BREF in Finland from the 
year 2014 (Vaarama et al., 2014), the data were collected from 4,300 randomly 
selected persons aged 18–98. The mean domain scores among them were as follows: 
Physical, 77; Psychological, 74; Social relationships, 79 and Environmental, 77 
(Vaarama et al., 2014).  

As a conclusion, the results from Finland, Denmark and Norway were 
approximately on a same level, although the social domain mean score was 
somewhat better in Finland. Compared to the data from other Western European 
countries collected for the international field-testing of the psychometric properties 
of the WHOQOL-BREF (Skevington et al., 2004), these results from the Nordic 
countries are on a similar or better level. The mean scores of the environmental 
domain especially were higher in Norway, Denmark and Finland (74–77) compared 
to the results from the UK, Italy, Spain and Germany (53–64) (Kalfoss et al., 2021; 
Noerholm et al., 2004; Skevington et al., 2004; Vaarama et al., 2014).  
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Table 4.  Quality of life in Finland according to self-rated quality of life and the EUROHIS-QOL 8-
item index. Results from the FinHealth 2017 survey. 

Self-rated Quality of Life (%) 
Age 30–39 40–49 50–59 60–69 70–79 80+ P-value* 

Men 
Good 80.9 79.8 72.7 74.6 69.6 53.0  
Moderate 15.9 17.3 22.5 21.1 27.7 36.6  
Poor 3.2 2.8 4.8 4.3 2.7 10.4  

Women 
Good  84.8 79.8 75.4 76.4 62.5 49.4  
Moderate 10.7 16.2 17.8 20.3 33.0 43.6  
Poor 4.5 4.0 3.3 4.4 4.4 7.0  

 0.282 
EUROHIS-QOL (Mean) 

Men  4.0 4.0 3.9 4.0 4.0 3.8  
Women 4.0 4.0 4.0 4.0 3.9 3.8  

 0.560 
*P-value indicates the difference between genders. Modified from Koponen et al., 2018. 

2.1.4 Quality of Life among Public Sector Employees in 
Finland  

The public sector is a large employment sector in Finland, with around 30% of 
Finnish employees working in it (Statistics Finland, 2017). The biggest employment 
sectors within the public sector are healthcare, education, and social services 
(Ministry of Finance and Commission for Local Authority Employers, 2006), and 
about 72% of the employees are women (Statistics Finland, 2017). There are some 
extensive studies on public sector employees in Finland. The largest is the Finnish 
Public Sector Study with over 100,000 participants from ten Finnish cities, but there 
is no information about QoL of the employees in that study. Another large study is 
the Helsinki Health Study with information about 9,000 employees of the City of 
Helsinki, the capital of Finland. To my knowledge, there are no studies among 
Finnish public sector employees with information about general QoL, but in the 
Helsinki Health Study, there are repeated measurements of HRQoL, made with the 
SF-36 (Holstila et al., 2017; Lahelma et al., 2005, 2013, 2016; Lindhom et al., 2013). 
The SF-36 component summary scores (PCS and MCS) among the employees 
examined in the Helsinki Health Study have been approximately on an average level 
(Holstila et al., 2017; Lahelma et al., 2016) compared with the reference values of 
the SF-36, which are gathered among the US general population (Ware et al., 1994). 

There are also some studies where physical functioning of Finnish public sector 
employees has been compared with other countries’ data. In one study, the SF-36 
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PCS of the employees aged 45–60 from the Helsinki Health Study and the Whitehall 
II Study were compared (Laaksonen et al., 2009). The Whitehall II Study is a 
longitudinal cohort study among civil servants working in London, UK. In that study, 
the lowest quartile cut-off was 47.3 (men) and 44.2 (women) in Helsinki, and 50.1 
(men) and 46.4 (women) in London indicating a slightly better physical functioning 
among the UK group (Laaksonen et al., 2009). In another work, results from the 
Helsinki Health Study and the Whitehall II Study were compared with data from 
Japanese public sector employees (Martikainen et al., 2004). In that study, the lowest 
quartile of SF-36 PCS was used to define poor physical functioning. The cut-off 
point was obtained from pooled data of the study cohorts and was not reported. 
However, the prevalence of poor physical functioning was around 25% among 
Japanese and Finnish male employees, and 13% among British male employees. 
Among females, poor physical functioning was detected in Japan among 37%–40%, 
in Finland among 33% and in the UK among 27% of the employees. In the British 
cohort, a significantly greater proportion of the employees were working in higher 
administrative positions than in the Finnish or Japanese cohorts, which may at least 
partly explain the difference in PCS (Martikainen et al., 2004).  

2.1.5 Factors Associated with Quality of Life 
As QoL is a very broad concept, aiming to give a comprehensive assessment of a 
person’s health, well-being and satisfaction with life, it is affected by numerous 
factors. The assessment tools for general QoL and HRQoL have therefore been 
constructed to measure several aspects that are found to be crucial for overall well-
being. First, the assessment tools are designed so that the subjects whose well-being 
is declined due to physical or mental illness, get lower estimates of QoL than the 
healthy subjects (EuroQoL Group, 1990; Power, 2003; Ware & Sherbourne, 1992; 
WHOQOL Group, 1998a, 1998b). Educational level and socioeconomic status have 
also been found to be associated with QoL. In WHOQOL-100, WHOQOL-BREF 
and EUROHIS-QOL, there are specific items about environmental aspects (Power, 
2003; WHOQOL Group, 1998a, 1998b), but higher educational level and socio-
economic status have also been found to be associated with better HRQoL (Mielck 
et al., 2012). Cohabiting has been found to be associated with better HRQoL in a 
Swedish population-based study (Michelson et al., 2000), and the WHOQOL and 
EUROHIS tools also have items concerning satisfaction about social relationships. 
From sociodemographic factors that are not directly assessed in the QoL 
questionnaires, age has been found to be associated with QoL. However, especially 
in developed countries like Finland, the decline in QoL occurs relatively late – in the 
Finnish general population only after 70 or 80 years of age (Koponen et al., 2018). 
Differences in QoL between genders among the general population in Finland (Table 
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4) are very small (Koponen et al., 2018), and in other European countries, the gender 
differences in QoL assessed with the EUROHIS-QOL tool are also found to be minor 
(Schmidt et al., 2006).  

2.2 Cardiovascular Health, Dietary Habits and 
Quality of Life 

2.2.1 Defining and Promoting Cardiovascular Health  
Both in Europe and in the US, comprehensive guidelines are being published to 
promote CV health and prevent cardiovascular disease (Arnett et al., 2019; Visseren 
et al., 2021). Several modifiable risk factors are being recognised, and goals and 
treatment suggestions are given to reach optimal CV health. The recommendations 
are very similar on both sides of the Atlantic Ocean. The American Heart 
Association has also developed a concept of ideal cardiovascular health, with 
recommended values of seven CV health metrics (Lloyd-Jones et al., 2010).  

The importance of traditional risk factors for the development of CV disease has 
been indisputably demonstrated in many large studies. Smoking, low physical 
activity, unhealthy diet, obesity, hypertension, unfavourable levels of blood lipids, 
and diabetes are known to have a large impact on the development of atherosclerotic 
CV disease, whereas non-smoking, adequate physical activity, healthy diet, normal 
body mass index (BMI), and recommended levels in blood pressure, blood lipids and 
blood sugar are protective from CV disease (Arnett et al., 2019; Virani et al., 2021; 
Visseren et al., 2021). In addition to these traditional risk factors, psychosocial stress 
is also associated with the development and progression of CV disease. Psychosocial 
stress includes symptoms of mental disorders, like depression or anxiety, but also 
work and family stress, loneliness, and critical life events. Psychosocial stress is 
found to have direct biological effects but is also highly correlated with socio-
economic and behavioural risk factors of CV disease, which may at least partly 
explain the association (Piepoli et al., 2016; Visseren et al., 2021; Whooley et al., 
2008). Indicators of good mental health, like optimism and a strong sense of life 
purpose, have been associated with better CV health (Rozanski, 2014). In the latest 
updates, poor sleep has also been added to the risk factors of CV disease. Poor sleep 
quality, insomnia symptoms, as well as short and long sleep duration are associated 
with CV disease, while good sleep quality and a mid-range sleep duration are 
associated with better CV health (Kwok et al., 2018). In addition, obstructive sleep 
apnoea is associated with an elevated risk for CV disease (Virani et al., 2021).  
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2.2.2 Ideal Cardiovascular Health 
To promote CV health and prevent CV disease, the American Heart Association 
introduced in 2010 the concept of ‘ideal cardiovascular health’ (also called ‘Life’s 
Simple 7’), with cut-off values for optimal levels of CV health metrics. The concept 
is defined by the absence of clinically manifest CV disease together with the 
presence of favourable health behaviours and health factors. With this concept the 
American Heart Association aimed at the goal: ‘By 2020, to improve the CV health 
of all Americans by 20% while reducing deaths from CV diseases and stroke by 
20%’ (Lloyd-Jones et al., 2010). According to the concept, to achieve optimal levels 
of all the health metrics, the person should be non-smoking, have a normal BMI, a 
healthy diet and fulfil the recommendations for physical activity. Untreated blood 
pressure, total cholesterol, and fasting plasma glucose should be at recommended 
levels (Table 5). To lower the risk for CV disease, people should aim at reaching 
optimal levels in as many of these metrics as possible (Lloyd-Jones et al., 2010). 

The presence of ideal cardiovascular health has been found to be related to both 
age and sex. The number of ideal metrics declines with older age, and at any age, 
females tend to have more ideal metrics than males (Benjamin et al., 2018). Several 
social risk factors (low family income, low education level, minority race, and 
single-living status) have been related to lower achievement of the ideal metrics 
(Caleyachetty et al., 2015). As a whole, the ideals have been proven hard to achieve. 
The prevalence of achieving 6 or 7 ideal metrics has been ranging from 0.5% to 14% 
worldwide (Younus et al., 2016). In Finland 9% of women and 3% of men aged 25–
74 years reached at least 5 ideal metrics in 2007 (Peltonen et al., 2014). In the US, 
less than 1% of the general population reached all 7 ideals in the National Health and 
Nutrition Examination Surveys (NHANES) conducted between the years 2003 and 
2008 (Shay et al., 2012), and the proportion has not risen since then (Virani et al., 
2021). The prevalence of meeting ideal criteria for smoking and total cholesterol has 
increased in the US from 1999 to 2018, but at the same time the prevalence of ideal 
levels for blood glucose and BMI has declined. The prevalence of ideal diet has 
remained <1% in the US during the whole period (Virani et al., 2021). The 
prevalence of ideal diet varies greatly between different countries. The best results 
are achieved in Italy and Korea, and the worst in the US (Younus et al., 2016). This 
may indicate that Eastern and Mediterranean type dietary patterns fulfil the 
recommendations more easily than the Western dietary pattern. However, cuisines 
around the world are also difficult to compare with each other. 

The relevance of achieving the recommended levels in these ideal health metrics 
has been confirmed in multiple independent studies. Strong inverse, stepwise 
associations of the number of CV health components at ideal levels have been 
detected with all-cause and CV disease mortality as well as with the prevalence of 
CV disease and stroke (Fang et al., 2016; Gao et al., 2020; Nguyen et al., 2021; 
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Virani et al., 2021). An analogous trend was also detected at the population level: 
the ambitious goal of the American Heart Association was not achieved in the US 
by 2020, since the prevalence of ideal CV health did not rise during the decade. 
Concurrently, the rate of deaths for CV disease, which had decreased for thirty years, 
started to rise again after the year 2010 (Virani et al., 2021). These results indicate 
that striving for the ideals appears to be highly beneficial, yet difficult.  

Table 5.  Definition of adult ideal cardiovascular health by the American Heart Association. 

Goal/Metric Ideal Cardiovascular Health Definition 

Current Smoking Never or quit >12 months ago 

Body Mass Index <25 kg/m² 

Physical Activity ≥150 min/week moderate intensity or  
≥75 min/week vigorous intensity  
or combination 

Healthy Diet Score 4–5 components 
Fruit and vegetables: ≥450 g per day  
Fish: ≥two 100 g servings per week (preferably oily fish)  
Fibre-rich whole grains: ≥three 30 g servings per day  
Sodium: <1500 mg per day  
Sugar-sweetened beverages: ≤450 kcal per week 

Total Cholesterol <5.18mmol/l (<200mg/dl; untreated values) 

Blood Pressure <120/<80 mmHg (untreated values) 

Fasting Plasma Glucose <5.6 mmol/l (<100 mg/dl; untreated values) 

Modified from Lloyd-Jones et al., 2010. 

2.2.3 Ideal Cardiovascular Health and Quality of Life 
Ideal CV health has been found to be associated with better HRQoL. Cross-sectional 
studies from the US and China have reported a positive association between 
achievement of the ideal metrics and HRQoL, assessed with the EQ-5D-5L together 
with the EQ-VAS (Wu et al., 2021), and with the HRQoL4-instrument, which 
defines QoL by assessing the loss of healthy days caused by physical or mental 
illness (Allen et al., 2015; Odom et al., 2016). There is also a longitudinal study, in 
which ideal CV health in early adulthood was associated with higher HRQoL 
(measured with SF-12) in middle age (Pool et al., 2019). However, to my knowledge, 
there are no previous studies about the association of ideal CV health with general 
QoL.  

The metrics of ideal cardiovascular health have been found to be individually 
associated with QoL. A negative relationship has been detected with smoking and 
QoL. The association is related to the number of cigarettes smoked, and smoking 
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cessation significantly improves QoL (Goldenberg et al., 2014). Lower BMI has been 
linked to better QoL in several studies (Kroes et al., 2016; Vesikansa et al., 2022), and 
according to cross-sectional data, there is a consistently positive association between 
physical activity level and HRQoL (Bize et al., 2007). QoL of individuals with 
hypertension has been found to be slightly worse than that of normotensive individuals 
(Trevisol et al., 2011), but the awareness of hypertension especially appears to lower 
the scores of HRQoL, not the hypertension per se (Korhonen et al., 2011). A low total 
cholesterol level in midlife predicts better physical functioning (SF-36 physical 
functioning scale) in old age (Hyttinen et al., 2011). However, most of this effect of 
low cholesterol to QoL is probably due to the prevention of atherosclerotic diseases 
(Libby et al., 2019). The information about the effect of slightly elevated blood glucose 
on QoL is scarce, but several studies have shown that patients with type 2 diabetes 
have lower QoL than healthy people (Jing et al., 2018).  

2.2.4 Diet and Quality of Life 
Diet is maybe the most important individual modifiable factor behind obesity, 
metabolic syndrome, impaired glycaemic control, elevated blood pressure and blood 
lipid levels, and the benefits of a healthy diet have been indisputably demonstrated 
in several studies (Cosentino et al., 2020; Sofi et al., 2008; Visseren et al., 2021). 
The Western-type diet, which contains red meat, saturated fatty acids, sugar and salt 
abundantly, and vegetables, fruit and fibre scarcely, has been found especially 
unhealthy (Danaei et al., 2013). The Mediterranean diet instead, with a lot of 
vegetables, fruit, legumes and olive oil, has been found particularly good for CV 
health (Grosso et al., 2017; Visseren et al., 2021). Although information on a healthy 
diet is easily available, complying with the advice is difficult (Kwan et al., 2013), 
and in the US, for example, the prevalence of a recommended, ideal diet is extremely 
low (<1%) (Virani et al., 2021). Therefore, it would be important to find ways to 
motivate people for healthier eating.  

In addition to the benefit for CV health, there are also several studies in which 
adherence to a recommended healthy diet has been associated with better QoL 
(Godos et al., 2019; Lee et al., 2019; Sanchez-Aguadero et al., 2016; Stenlund et al., 
2021a; Vajdi & Farhangi, 2020). The Mediterranean diet has been studied in these 
works most frequently as an example of a healthy diet (Godos et al., 2019; Vajdi & 
Farhangi, 2020), but other healthy dietary patterns have also been linked with good 
QoL (Lee et al., 2019; Sanchez-Aguadero et al., 2016; Stenlund et al., 2021a; Vajdi 
& Farhangi, 2020). In the study by Lee et al. (2019) among Korean adults, high 
adherence to a modified Korean version (J. Y. Kim et al., 2011) of the Recommended 
Food Score (Kant et al., 2000) was associated with better QoL in every dimension 
of the WHOQOL-BREF (WHOQOL Group, 1998a) in women. Some studies have 
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also found a negative association between QoL and unhealthy or ‘Western’ dietary 
patterns (Vajdi & Farhangi, 2020). Positive changes in health behaviours, including 
changes in diet, have also been shown to improve subsequent well-being (Stenlund 
et al., 2022). Hence, it is possible that the positive impact on QoL might even work 
as a motivator for a lifestyle change (Stenlund et al., 2021a).  

2.3 Work Ability 
Workforce aging was the main reason to start the work ability research in Finland in 
the early 1980s, and the concept of work ability was originally developed by the 
Finnish Institute of Occupational Health (FIOH) (Ilmarinen, 2009). According to 
Ilmarinen (2008), work ability is understood as a balance between a person’s resources 
and work demands. The ground of work ability are health and functional capacity of 
the worker, but work ability is also affected by professional skills, values, attitudes, 
motivation and work itself. There are many well-known factors that are associated with 
work ability. For example higher age (Bridger & Bennett, 2011; Pohjonen, 2001), 
presence of chronic illnesses (Jędryka-Góral et al., 2006; Shiri et al., 2013), 
occupational stress (Yong et al., 2013) and depression (Elinson et al., 2004; Shiri et 
al., 2013) are associated with poorer work ability, whereas for example higher 
education (Martimo et al., 2007), lower BMI (Andersen et al., 2017; Bridger & 
Bennett, 2011), and good sleep quality (Ng & Chan, 2018) are linked with better work 
ability. In addition, many work-related factors like physically light work, support from 
supervisors and workmates, control over one’s work, and possibilities to develop at 
work have been associated with good work ability (Gould et al., 2008). Studies have 
shown that poor work ability is associated with increased risk of long-term sickness 
absence and early retirement (Burdorf et al., 2005; Salonen et al., 2003).  

2.3.1 Assessment of Work Ability 
Work ability has been defined and measured in different ways: good work ability 
has been defined as not being on a long-term sick-leave, and work ability has been 
assessed for example by summing together total days on sick-leave during the last 
year (Van Den Berg et al., 2009). The Work Ability Index (WAI) (Ilmarinen, 2007), 
developed by Ilmarinen et al., is probably the most popular instrument for the 
assessment of work ability nowadays (Van Den Berg et al., 2009).  

The Work Ability Index  

The development of the WAI was started by a multidisciplinary research group at 
FIOH in 1981 by conducting cross-sectional studies among municipal employees. 
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The new instrument was planned to be used in clinical occupational healthcare as 
well as in research, to assess work ability during health check-ups and surveys. Since 
then, the WAI has become a popular instrument for the assessment of work ability 
both in research and in practice, and it has been translated into at least 24 languages 
(Ilmarinen, 2007).  

The employee answers the questions of the instrument at home and an 
occupational health professional rates the responses according to the instructions 
(Tuomi et al., 2006). The index can vary between 7 and 49 and is calculated as a 
summary measure of the seven items of the questionnaire (Table 6) (Ilmarinen, 
2007). Assessed with this index, work ability is considered poor for scores of 7–27, 
moderate for scores of 28–36, good for scores of 37–43, and excellent for scores of 
44–49 (Gould et al., 2008). 

The WAI is a well validated instrument: The summary index and all its items are 
shown to predict work disability, retirement, and mortality. Also the test–retest 
reliability of the WAI is shown to be good (Ilmarinen, 2007).  

Table 6.  The items of the Work Ability Index. 

Items  Range 
1 Current work ability compared with the lifetime best 0–10 
2 Work ability in relation to the demands of the job 2–10 
3 Number of current diseases diagnosed by a physician 1–7 
4 Estimated work impairment due to diseases 1–6 
5 Sick leave during the past year (12 months) 1–5 
6 Own prognosis of work ability 2 years from now 1–7 
7 Mental resources 1–4 

From Ilmarinen, 2007. 

The Work Ability Score  

The first item of the WAI is also used separately, as a simple measure of work ability. 
It is the question ‘What is your current work ability compared with your lifetime 
best?’ and referred to as the Work Ability Score (WAS). The WAS has a 0–10 
response scale, where 0 stands for ‘completely unable to work’ and 10 stands for 
‘work ability at its best’. Work ability is considered poor for scores of 0–5, moderate 
for scores of 6–7, good for scores of 8–9 and excellent for a score of 10 points, based 
on the same scoring that has been used in the WAI (Gould et al., 2008). The WAS 
has been shown to have a strong association with the WAI and is reliable in 
evaluating work ability (El Fassi et al., 2013). The WAS has also been shown to 
predict disability pension and long-term sickness absence, according to a Finnish 
register-based study (Kinnunen & Nätti, 2018). 
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2.3.2 Work Ability in Finland 
The latest comprehensive report on work ability among the Finnish population was 
published in 2008 and based on the results of the Health 2000 Survey (Gould et al., 
2008). The survey gathered information about Finnish residents aged 18 or older, 
and in the report on work ability there were data about 5,200 participants in the 30–
64 age group. The work ability of these working-age participants was assessed with 
three indicators: the WAI, the WAS, and a three-level Work Ability Estimate, where 
the options were 1=completely fit for work, 2=partially disabled for work, and 3= 
completely disabled for work. Most people estimated their work ability as good in 
every indicator. Well-educated people and white-collar workers as well as those who 
lived in families estimated their work ability to be generally good, whereas farmers, 
part-time workers and unemployed people often assessed their work ability to be 
limited. Depression and back disorders were the health conditions that decreased 
work ability the most, but regardless of health status, work ability decreased in all 
population groups with older age. Physically light work, support from supervisors 
and workmates, control over one’s work, and possibilities to develop at work were 
associated with good work ability (Gould et al., 2008). 

The distribution of the WAI, WAS and the self-estimate of being completely fit 
for work according to age and gender in the employed Finnish population in the 
Health 2000 Study are presented in Table 7. 

Table 7.  Distribution (in percentage) of the Work Ability Index (WAI) and the Work Ability Score 
(WAS) according to gender and age in the employed Finnish population. Results from 
the Health 2000 Survey. 

 Females, age groups Males, age groups 
 18–29 30–44 45–54 55–64 18–29 30–44 45–54 55–64 

WAI 
Excellent 48 32 16 8 59 39 23 18 
Good 47 57 60 52 37 51 54 52 
Moderate 5 10 21 31 4 8 19 22 
Poor 0 1 3 9 0 1 4 8 

WAS 
10 Points 46 39 19 11 53 41 21 13 
8–9 Points 49 54 68 66 42 51 60 56 
6–7 Points 4 6 9 19 4 7 16 24 
0–5 Points  0 1 4 5 1 1 3 7 

Being completely fit for work 
 97 94 83 53 97 92 80 55 

Modified from Gould et al., 2008. 
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In the FinHealth Study in 2017, work ability was assessed with the WAS and the 
three-level Work Ability Estimate among the general population (age range 30–69). 
The WAS mean score adjusted for age was 7.8 in men and 8.0 in women on a scale 
of 0–10 (Koponen et al., 2018). The WAS mean scores among different age groups 
are presented in Table 8.  

In addition, in a study by Kinnunen and Nätti (2018) the work ability of the 
Finnish population was reported with the WAS results from the Finnish Quality of 
Work Life Surveys of 1997, 2003 and 2008. The results from these three years were 
reported together. The largest share of the participants were 35–49 years of age 
(42%) and working in lower white-collar occupations (40%). The majority of the 
participants were women (54%). Most of the participants (87%) rated their work 
ability as good or excellent, and their WAS mean was 8.6.  

Work ability has been approximately on the same level also in population-based 
surveys conducted in other Nordic welfare states. In a Swedish study, the WAS mean 
was 8.3 among employees currently in the labour market (Lundin et al., 2017), and 
in a Norwegian study among the general population aged 18–50, 87% of the 
participants assessed their current work ability as good or excellent (WAS 8–10) 
(Oellingrath et al., 2019). Data about work ability measured with WAI or WAS 
among the general working population or diverse occupations are also available from 
some other Western European countries. In a German nationwide panel study among 
4,500 workers aged 31–60 years in different occupations, the WAS mean score was 
8.0 (Freyer et al., 2019). In a study conducted in the Netherlands, the work ability 
data are available for a sample of workers invited for occupational health checks. 
The sample included 2,900 workers employed in construction (11%), industry 
(24%), public services (29%) and commercial services (36%), and the WAS mean 
among them was 8.0 (Schouten et al., 2016). The results from Luxemburg are also 
from health checks at a large multisectoral occupational health service, and the WAS 
mean among the 12,800 examined employees was 8.6 (El Fassi et al., 2013). These 
results indicate that the work ability also appears to be good on average in Western 
European countries other than Finland, Sweden and Norway.  

Table 8. Self-reported work ability in different age groups among Finnish general population. 

 30–39 40–49 50–59 60–69 
Being completely fit for work* 

 Males 89.1 88.1 75.2 60.8 
 Females 89.9 88.5 76.1 54.9 

WAS mean 
 Males  8.8 8.3 7.5 6.8 
 Females 8.8 8.5 7.8 6.9 

* The proportion in percentages. WAS: Work ability score. 
Modified from Koponen et al., 2018. 
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2.3.3 Work Ability among Public Sector Employees in 
Finland 

As described in the section 2.1.4, about one-third of the Finnish labour force works 
in the public sector. The biggest employment sectors are healthcare, education, and 
social services (Ministry of Finance and Commission for Local Authority 
Employers, 2006), and 72% of the employees are women (Statistics Finland, 2017). 
The work ability of the public sector employees in Finland has been studied at least 
in the Finnish Public Sector Study, which is a large ongoing prospective cohort study 
of employees working in 10 towns and 21 hospitals in five hospital districts and one 
division of municipal health services in Finland. The study comprises 151,618 
employees with a ≥6-month job contract in any year between 1991–2005 (Saltychev 
et al., 2013). The original participants of the study have been examined repeatedly 
at 3 to 4 year intervals. In a paper by Saltychev et al, a cohort of approximately 3,300 
participants in the Finnish Public Sector Study were studied, and the results from the 
years 1997–1998 and 2000–2002 were combined. In that data, 87% of the 
participants assessed their work ability as good (WAS 8–10), and the WAS mean 
was 8.2 among them. Most of the participants (63%) in that study were 41–50 years 
of age and 90% of the participants were women (Saltychev et al., 2013). These 
results are not fully comparable with the results of the whole Finnish population 
presented in the latter paragraph. However, work ability among public sector 
employees appears to be approximately on the same level as work ability among the 
entire working-age population in Finland.  

Compared to Swedish and Danish public sector employees in 1999–2000 (Lund 
et al., 2009), the results from Finland rank between them. The WAS mean score 
among public sector employees in Sweden was 8.0 (SD 2.0) in a sample of over 
7,000 employees (mean age 46 years), 83% of whom were female. Among the 
Danish sample of approximately 1,500 employees (mean age 42 years, 75% female), 
the WAS mean was 8.8 (SD 1.5). Of note, the mean age of the Danish sample is 
lower than in the Swedish sample, which may at least partly explain the higher WAS 
mean among the Danes (Lund et al., 2009). 

2.3.4 Work Ability and Quality of Life 
Although the view into a person’s life is different when shaped by means of work 
ability or QoL, those two aspects are highly correlated. In a study among 1,534 
clinical nurses in Taiwan, the WAI showed a correlation with all domains of 
WHOQOL-BREF, the environmental domain being the most highly correlated (Chiu 
et al., 2007). Satisfactory work ability, measured with the WAI, was also found to 
be a major determinant of QoL (all domains of WHOQOL-BREF) among Croatian 
clinical nurses (Milosevic et al., 2011). Both the WAI and the WAS were correlated 
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with all domains of WHOQOL-BREF in a study among Iranian construction workers 
(Mokarami et al., 2022), and the WAI was correlated with all domains of RAND 36 
in a study among Finnish middle-aged men working in construction and industrial 
occupations (Sörensen et al., 2008). Accordingly, there are many similarities 
between the determinants of work ability and QoL. Deteriorated health in particular 
negatively affects both outcomes (Elinson et al., 2004; Jędryka-Góral et al., 2006; 
Schmidt et al., 2006; Shiri et al., 2013), whereas higher education is associated with 
better results in both outcomes (Martimo et al., 2007; Mielck et al., 2012). However, 
there are also differences: for example, higher age begins to negatively affect work 
ability considerably earlier than it affects QoL (Gould et al., 2008; Koponen et al., 
2018). 

2.4 Sleep, Quality of Life and Work Ability 
Sleep is regulated by homeostatic processes and circadian rhythms that together 
define its timing and duration (Borbély et al., 2016). In addition to these basic 
regulators, sleep is also affected by numerous other factors. Work schedules, 
especially shift work (Kecklund & Axelsson, 2016), and social and family duties 
affect timing, duration and quality of sleep, and environmental factors such as noise, 
light or unpleasant temperature may cause sleep problems (Billings et al., 2020). 
Health habits, such as exercise (Chennaoui et al., 2015), nutrition (Pot, 2018), 
alcohol consumption (Ebrahim et al., 2013) and smoking (Htoo et al., 2004) have 
effects on sleep, as do many somatic and psychiatric illnesses – e.g. obesity, 
especially with obstructive sleep apnoea; chronic pain; depression or anxiety – and 
medications for several conditions (Meurling et al., 2019; Morphy et al., 2007; Tsuno 
et al., 2005; Wickwire & Collop, 2010). In addition, there is individual variation, not 
dependent on these factors, in how well we sleep and how much sleep we naturally 
need (Ferrara & De Gennaro, 2001).  

However, sleep is essential to our health, and people with sleep problems are at 
risk of developing several adverse health conditions. In previous research, sleep 
assessments have mainly concentrated on two basic characteristics: sleep duration 
and sleep quality. Most of the studies demonstrating the effects of sleep on health 
have been based on the results in these two parameters. In my thesis, sleep has been 
evaluated with single, self-reported questions about sleep duration, sleep quality and 
sleep medication use, and I have studied how sleep is associated with QoL and work 
ability. Therefore, I will now introduce the assessment of these three sleep 
parameters, and their associations with health, QoL and work ability in previous 
literature.  
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2.4.1 Sleep Duration 

Assessment of Sleep Duration 

The gold standard of assessing sleep is the polysomnography measurement. 
Polysomnography can give accurate information about sleep duration, including 
nightly awakenings, as well as information about the structure of sleep. It is, 
however, difficult and expensive to conduct in large study populations, which makes 
it impossible to use in most epidemiological studies. Polysomnography also 
normally gives us information about only one night, and we do not know whether 
that night was typical for the subject or not (Kushida et al., 2005; Van De Water et 
al., 2011).  

The most common way of assessing sleep duration in epidemiological studies 
has therefore been by simply asking the participants to estimate their typical sleep 
duration. In a meta-analysis of short sleep duration and health outcomes, most of the 
included studies had assessed sleep duration with self-reported tools. In that meta-
analysis, the self-reported data were even preferred over objective measurements 
because of their better applicability in general community settings (Itani et al., 2017). 
However, self-reported sleep duration is known to differ from objective 
measurement (Silva et al., 2007). Patients with insomnia or obstructive sleep apnoea 
tend to underestimate their total sleeping time, while people with no sleep problems 
may overestimate it (McCall et al., 1995).  

According to current understanding, simple self-reported sleep duration should 
not be considered a validated or reliable measure of biological sleep duration 
(Bianchi et al., 2017). The editors of Sleep Medicine question the reliability of self-
reported sleep duration, especially as a single measure of sleep in cross-sectional 
studies. Rather they prefer that the epidemiologists focus on comprehensive 
phenotypic profiles combining subjective measures of sleep (including self-reported 
sleep quality) with objective measures over multiple nights. This is recommended to 
be obtained with small wearable devices, like accelerometers (actigraphs) (Bianchi 
et al., 2017). It has also been suggested that subjective feelings about sufficient or 
insufficient sleep duration may be as important as the actual sleep duration when 
studying health consequences of short sleep (Wennman et al., 2014). It has been 
found that greater satisfaction with sleep is associated with better quality of well-
being regardless of subjectively or objectively measured sleep duration (Jean-Louis 
et al., 2000). 
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Sleep Duration and Health 

Sufficient sleep duration varies between individuals, and also changes with age. 
Normal sleep duration is the longest in young children, starting from 14 to 17 hours 
in new-borns. The need for sleep then gradually decreases, being approximately 7–
9 hours for adults. Sufficient sleep duration may be slightly shorter in the elderly 
than in the working-age population, but the most important alterations with age occur 
in the structure of sleep. Sleep becomes more fragmented and the proportion of deep 
sleep decreases. Part of the total sleep may also be from napping (Hirshkowitz et al., 
2015; J. Li et al., 2018).  

However, there is convincing evidence that sleep duration matters. Especially 
short, but also excessively long, sleep duration has been associated with several 
adverse health consequences, and the most favourable sleep duration for adult 
population appears to be 7–9 or 7–8 hours (Cappuccio et al., 2011; Hirshkowitz et 
al., 2015; Kwok et al., 2018). The National Sleep Foundation recommends 7–9 hours 
of sleep for adults at 26–64 years of age (Hirshkowitz et al., 2015), but in several 
studies, for example, risks for all-cause mortality and CV disease have shown to be 
elevated when sleep duration exceeds 8 hours (Cappuccio et al., 2011; Kwok et al., 
2018). Excessively short or long sleep duration has been demonstrated to increase 
the risk for obesity (Itani et al., 2017; Jike et al., 2018; Patel & Hu, 2008), 
hypertension (Itani et al., 2017; Jike et al., 2018; Q. Wang et al., 2012), CV disease 
(Cappuccio et al., 2011; Itani et al., 2017; Jike et al., 2018; Kwok et al., 2018), type 
2 diabetes (Anothaisintawee et al., 2016; Cappuccio et al., 2010a; Itani et al., 2017; 
Jike et al., 2018), depression (Zhai et al., 2015), decline in cognitive function 
(Kronholm et al., 2009) and all-cause, as well as CV, mortality (Cappuccio et al., 
2010b; Itani et al., 2017; Jike et al., 2018; Kronholm et al., 2011). The associations 
are usually U-shaped, meaning that the risk for unfavourable effect rises when sleep 
duration is deviated more from the optimal, either to excessively short or long sleep 
duration. In addition to being detected with self-reported data, the U-shaped 
association between mortality and sleep duration has been detected with actigraphic 
recordings of sleep duration (Kripke et al., 2011).  

The mechanisms underlying the associations between sleep duration and 
metabolic and CV diseases are not fully understood, but short sleep duration has 
been demonstrated to cause hormonal changes that contribute to the development of 
obesity and impaired glycaemic control (Kwok et al., 2018). Low-grade 
inflammation is also associated with reduced sleep (Kwok et al., 2018). These results 
indicate that short sleep could be an independent risk factor for metabolic and CV 
diseases. Conversely, there is no good evidence about the mechanisms that could 
explain the association between long sleep duration and CV disease. It has been 
suggested that this association is explained by the confounding factors and co-
morbidities associated with long sleep duration: depressive symptoms, low socio-
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economic status, unemployment, low level of physical activity, and undiagnosed 
health conditions have all been shown to be associated with long sleep duration 
(Krueger & Friedman, 2009; Patel et al., 2006; Stranges et al., 2008). The association 
of CV and metabolic outcomes with long sleep duration may then reflect the role of 
long sleep as a marker, rather than a cause, of these conditions. There is thus evidence 
that the two peaks of the U-shaped association between sleep duration and health do 
not mean the same thing. Sleeping less than the average 7–8 hours has been found 
to be harmful, but there is no evidence that sleeping more than 8 hours would harm 
a healthy adult (Knutson & Turek, 2006).  

2.4.2 Sleep Quality 

Assessment of Sleep Quality 

There is no standard definition for sleep quality, although it has been widely studied 
(Krystal & Edinger, 2008). There have, however, been attempts to define indicators 
for sleep quality. Sleep latency, number of over-5-minute awakenings during the 
night, wake time after sleep onset and sleep efficiency (the proportion of sleep of the 
time spent in bed) have been suggested as appropriate indicators of sleep quality 
(Ohayon et al., 2017). These indicators can be assessed only by objective 
measurement tools, like polysomnography or actigraphy. Such tools cannot be used 
in large population settings, and in addition, these assessment methods do not 
consider the individual’s own perceptions of their sleep quality.  

One’s personal opinion about sleep quality does not always correspond to 
objective measures (Edinger et al., 2000), but that is the perspective that matters 
when a person comes to a physician’s appointment and complains about sleep 
problems. It has also been suggested, that subjective feeling about insufficient sleep 
is as important a finding as the actual sleep duration or a diagnosed sleep disorder 
(Wennman et al., 2014), and there is evidence that better sleep satisfaction is related 
to greater well-being (Jean-Louis et al., 2000). In addition, it is notable that the 
diagnosis of insomnia is based only on subjective assessment of sleep rather than 
objective measurements (ICD-10, 2019). Therefore, in clinical work as well as in 
large population studies, the assessment of sleep quality is usually based on self-
reporting tools. In research, the most-used self-reported questionnaire for the 
assessment of sleep quality is the Pittsburgh Sleep Quality Index (PSQI) (Buysse et 
al., 1989). Sleep diaries can also be used to assess sleep quality, or the focus can be 
changed to assessing the presence of sleep difficulties, especially insomnia.  

The PSQI was introduced in 1989 by Buysse et al. (1989) as a new instrument 
for the assessment of sleep in psychiatric practice and research. It assesses sleep 



Review of the Literature 

 39 

quality and disturbances over a one-month time period and consists of 19 individual 
questions from seven topics: subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime 
dysfunction. It has good internal consistency (Cronbach’s alpha 0.83) and test–retest 
reliability (r=0.82, over an average of 19 days) (Buysse et al., 1989; Carpenter & 
Andrykowski, 1998; Gentili et al., 1995). The individual item of subjective sleep 
quality ‘During the past month, how would you rate your sleep quality overall?’ 
(Very good, Fairly good, Fairly Bad, or Bad) was also found to correlate well with 
the global score of the questionnaire (Buysse et al., 1989). It should be noted that 
this questionnaire also contains items regarding the amount of sleep, especially the 
question of self-reported sleep duration, where reporting of shorter sleep leads to 
worse results. In studies evaluating both quality and duration of sleep, this should be 
considered a possible confounding factor. In some works, this problem has been 
solved by using only selected items of the questionnaire or excluding the sleep 
duration item (Matsui et al., 2020, 2021; Tang et al., 2017). 

Poor sleep quality is often described in research as well as in clinical work as 
insomnia, whose diagnostic criteria do have many similarities with unfavourable 
results, for example, in the PSQI. According to International Classification of 
Diseases (ICD-10) insomnia is defined as a condition of unsatisfactory quantity 
and/or quality of sleep, which persists for a considerable period of time, including 
difficulty falling asleep, difficulty staying asleep, or early final wakening (ICD-10, 
2019). In the new version ICD-11 (ICD-11, 2021), the definition has been made 
somewhat more specific, and the requirement for daytime impairment has been 
added to the diagnostic criteria. However, by assessing sleep quality only by means 
of fulfilling the diagnostic criteria of insomnia or not, the information about the 
variation of sleep quality among moderate or good sleepers is lost. It also 
concentrates on a disorder or disturbance rather than evaluates the subjective 
perception of sleep quality, which could be considered a more positive approach.  

Sleep Quality and Health 

Not only adequate sleep duration but also good sleep quality has been found 
important for our health, and patients with poor sleep quality or insomnia are at risk 
of developing adverse health conditions. Insomnia is nowadays understood not only 
as a symptom of depression, but also as a risk factor (Baglioni et al., 2011). Poor 
subjective sleep quality is also found to be a risk factor for obesity (Madrid-Valero 
et al., 2017), type 2 diabetes (Anothaisintawee et al., 2016; Cappuccio et al., 2010a), 
and coronary heart disease (Kwok et al., 2018), and is also associated with 
hypertension (Lo et al., 2018). However, insomnia and poor sleep quality have not 
been linked to increased mortality (Kwok et al., 2018; Lovato & Lack, 2019). The 
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increased risk for metabolic and CV diseases with insomnia and poor sleep quality 
may be at least partially explained by the same mechanisms as with short sleep 
quality. The definition of insomnia and unfavourable results from the questionnaires 
assessing sleep quality include components like short sleep duration, long sleep 
latency and difficulty staying asleep, which means that short sleep duration is often 
a component of poor sleep quality. However, there is also a significant difference 
between those two parameters: poor sleep quality (and especially insomnia) is a 
person’s perception of having problems sleeping, while sleep duration itself tells us 
nothing about the individual’s satisfaction with their sleep.  

2.4.3 Sleep Medication Use 
Although cognitive behavioural therapy for insomnia (CBT-I) is the preferred 
treatment for insomnia (van Straten et al., 2018), sleep medications are also needed 
in the treatment of especially acute, but sometimes also chronic, insomnia (Sutton, 
2021; Working group set up by the Finnish Medical Society Duodecim and the 
Finnish Sleep Research Society, 2020). The use of benzodiazepines has been advised 
to limit mainly in cases of acute insomnia, and the use should be restricted to short 
periods (Working group set up by the Finnish Medical Society Duodecim and the 
Finnish Sleep Research Society, 2020). There is evidence that sleep medication use 
is associated with significant adverse effects, such as daytime drowsiness and 
memory impairment (Holbrook et al., 2000), as well as falls in the elderly (Woolcott 
et al., 2009) and elevated mortality (Kripke, 2016). However, in recent years there 
has been debate as to whether some of these associations are due more to the 
underlying causes of the need for sleep medication than to the medications per se. 
This phenomenon is called confounding by indication (Neutel & Johansen, 2019). It 
has been shown that the excessive mortality risk with benzodiazepine use is created 
by treatment of the symptoms of approaching death (Kronholm et al., 2019). The 
risk of falling has also been shown to be elevated in elderly patients with sleep 
medication use and poor sleep quality, but not in those patients with good sleep 
quality and sleep medication use (Min et al., 2016).  

The use of benzodiazepines as sleep medicines has, however, decreased in 
Finland during the 21st century (Suomen Lääketilasto [Finnish Statistics on 
Medicines], 2019), and a considerable number of sleep medications, especially used 
by the working-age population, are not benzodiazepines. The use of melatonin (both 
prescribed and sold ‘over the counter’) has increased. In addition, the off-label use 
of low-dose mirtazapine and quetiapine as sleep medicines is becoming more 
common. The actual rate of this low-dose use is relatively difficult to investigate, as 
the official statistics report the daily use per 1,000 inhabitants as normal doses for 
primary psychiatric indications, and these doses are considerably higher than the 
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doses used for sleep problems. In addition, only the melatonin that is sold as 
medicine, not as a dietary supplement, is reported, so the actual use of melatonin is 
higher than shown in the statistics (Suomen Lääketilasto [Finnish Statistics on 
Medicines], 2019). Both low-dose mirtazapine and quetiapine have been shown to 
be effective in the treatment of transient insomnia (Karsten et al., 2017). Mirtazapine 
is also recommended as an option for pharmacological treatment of primary 
insomnia in Finland, but the use of quetiapine is advised to be restricted mainly to 
patients with a psychotic illness (Working group set up by the Finnish Medical 
Society Duodecim and the Finnish Sleep Research Society, 2020). There may also 
be adverse side effects in long-term use of quetiapine when used in low doses (Carr 
et al., 2016). There is evidence that melatonin can be effective in the treatment of 
primary insomnia; it is easily available and its side effects are minor (Lemoine et al., 
2011), which probably explains its growth in use in Finland.    

2.4.4 Sleep and Quality of Life 
According to previous literature, there is a close relationship between sleep and QoL. 
Short sleep duration (compared to mid-range sleep duration) has been associated 
with lower QoL in several cross-sectional studies (J.-H. Kim et al., 2015; Lallukka 
et al., 2018; Liu et al., 2018; Magee et al., 2011; Matsui et al., 2020, 2021; Stranges 
et al., 2008). Short sleep duration appears to be associated with poorer QoL 
regardless of sleep quality or sleep disturbances (Lallukka et al., 2018; Matsui et al., 
2020), chronic diseases (Liu et al., 2018), perceived health status or depressive 
disorder (J.-H. Kim et al., 2015). Excessively long sleep duration has also been 
associated with lower QoL (Magee et al., 2011), also regardless of chronic diseases 
(Liu et al., 2018), perceived health status or depressive disorder (J.-H. Kim et al., 
2015). In addition, there is evidence that long sleep duration is associated with poorer 
QoL regardless of sleep quality (Lallukka et al., 2018). However, in work by Matsui 
et al., no direct association between long sleep duration and poor QoL was found; 
instead, there was a significant association mediated by insomnia symptoms (Matsui 
et al., 2021). As with the association between sleep duration and health outcomes, it 
is suggested that the relationship between short sleep duration and poor QoL differs 
from the association between long sleep duration and poor QoL. Short sleep appears 
to be an actual risk factor for poor QoL, whereas long sleep duration can be 
understood more as a sign of underlying conditions that cause poor QoL (Matsui et 
al., 2021; Patel et al., 2006; Stranges et al., 2008). 

Sleep quality has been found to be associated with QoL (Lallukka et al., 2018; 
LeBlanc et al., 2007; Mahirah et al., 2021; Marques et al., 2017; Matsui et al., 2021), 
and there is some evidence that sleep quality could be an even more powerful 
predictor of QoL than sleep duration. In a study by Lallukka et al. in an Australian 
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population-based sample, poor sleep quality in combination with short, mid-range or 
long sleep duration was associated with worse QoL regardless of the presence of 
chronic illnesses (Lallukka et al., 2018). In a Japanese study by Matsui et al., poor 
sleep quality was significantly associated with QoL both directly and through 
insomnia symptoms (Matsui et al., 2021). And in a study by Marques et al. among 
higher education students in Portugal, sleep quality was found to be associated with 
several facets of WHOQOL-BREF (Marques et al., 2017). That work is one of the 
few in which QoL was assessed with a tool for general QoL. Most of the above 
referred works have used measures for HRQoL, such as SF-36 or its abridgments, or 
EQ-5D. Like many others, Marques et al. used PSQI to evaluate sleep quality. 
However, they also compared the results in individual items of PSQI with QoL, and 
found that the item on self-reported sleep quality especially was a significant 
predictor of most aspects of QoL, regardless of the presence of psychopathological 
symptoms (Marques et al., 2017).  

Some associations have also been found between sleep medication use and 
HRQoL. In a Japanese study, insomnia was associated with low physical and mental 
component scores of Short Form 8, but sleep medication use was associated only 
with low PCS. Good sleepers with sleep medication had better MCS scores than poor 
sleepers with or without sleep medication. However, the scores were lower than in 
good sleepers without sleep medication (Sasai et al., 2010). There is also a placebo-
controlled work from the US, which showed that long-term nightly pharmacologic 
treatment of primary insomnia with a hypnotic improved HRQoL and reduced work 
limitations (Walsh et al., 2007). These results suggest that insomnia itself is the 
primary cause for the decline in QoL, and a well-chosen treatment for insomnia 
improves well-being. However, the people who sleep well without any medication 
have the best results (Sasai et al., 2010).  

Most of the studies examining the association between sleep parameters and QoL 
have been cross-sectional, but there is also evidence that changes in sleep duration, 
sleep quality and sleep medication use are temporally associated with subsequent 
health and well-being. In a general population-based study in the UK (Tang et al., 
2017), poorer outcomes in the General Health Questionnaire (GHQ-12) and the SF-
12 mental and physical component scores were predicted by a reduction in sleep 
duration, a decrease in sleep quality, and an increase in sleep medication use. Better 
outcomes, on the other hand, were predicted by an increase in sleep duration, an 
improvement in sleep quality, and a reduction in sleep medication use. Also in that 
study, changes in self-reported sleep quality (assessed with the self-reported sleep 
quality question from the PSQI) had the largest effects on outcomes (Tang et al., 
2017).  
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2.4.5 Sleep and Work Ability 
Sleep issues affect not only our health and well-being but also our ability to work. 
Particularly, poor sleep quality and insomnia symptoms, but also short sleep 
duration, especially along with poor sleep quality, have been associated with poorer 
work ability (Lallukka & Kronholm, 2016; Lian et al., 2015; Mokarami et al., 2020). 
Insomnia symptoms and sleep disturbances have also been found to predict sickness 
absence (Lallukka et al., 2013, 2014) and disability pension (Overland et al., 2008). 
The effect of insomnia symptoms on sickness absence has been detected regardless 
of sleep duration (Lallukka et al., 2013), but there is also a U-shaped association 
between sleep duration and sickness absence rate: the optimal sleep duration with 
the lowest rate of sickness absence appears to be 7–8 hours, and the rate of sickness 
absence is higher with shorter and longer sleep duration (Lallukka et al., 2014). Short 
sleep duration, poor sleep quality and use of sleep medication have also been found 
to be associated with poorer work productivity due to presenteeism, that is, being ill 
at work (Ishibashi & Shimura, 2020). In addition, poor sleep and functioning as well 
as unfavourable changes in these parameters have been found to be associated with 
premature exit from work (Kronholm et al., 2021). 

2.5 Work-Related Factors, Work Ability and Quality 
of life 

2.5.1 Occupational Stress and Burnout 
Job burnout is most commonly defined as a severe state of exhaustion, cynicism and 
reduced professional efficacy. It is a consequence of long-lasting occupational stress, 
where the demands of the job exceed the capabilities, needs or resources of the 
worker (Maslach et al., 2001). Occupational burnout is not a medical diagnosis but 
is defined as a problem related to life-management difficulty (ICD-10, 2019). 
However, burnout is a risk factor for several mental and physical illnesses, as well 
as a predictor of increased mortality (Ahola, 2007; Kivimäki et al., 2018; Melamed 
et al., 2006; Toppinen-Tanner et al., 2009).  

Assessment Tools for Occupational Stress and Burnout 

The most commonly used assessment tools for job stress in Finland are the Maslach 
Burnout Inventory – General Survey (MBI-GS) and the Bergen Burnout Indicator 15 
(BBI-15) (Ahola et al., 2018; Finnish Institute for Health and Welfare (THL), n.d.). 
Both questionnaires are based on the three-dimensional theory of job burnout and 
include items concerning exhaustion, cynicism and reduced professional efficacy.  
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The Maslach Burnout Inventory was originally developed in the US in 1981 to 
examine job burnout among human service occupations (Maslach & Jackson, 1981). 
In 1996, the MBI-GS, a new version suitable for all occupations was introduced 
(Maslach et al., 1996), and has since then become the most popular and the most 
studied instrument for the assessment of job burnout (Mäkikangas et al., 2012). The 
MBI-GS consists of 16 questions about exhaustion, cynicism and professional 
efficacy. The sum score of the MBI-GS is a weighted sum of the mean scores of the 
three dimensions, and can vary between 0 and 6, higher scores indicating more 
severe burnout symptoms. Structural and discriminant validity, internal consistency 
and test–retest reliability of MBI-GS have been found to be good (Finnish Institute 
for Health and Welfare (THL), n.d.; Maslach et al., 1996).  

The Bergen Burnout Indicator with 25 questions (BBI-25) was originally 
developed in Norway in 1988 (Matthiesen & Dyregrov, 1991). It measures burnout 
as one entity, ‘job burnout syndrome’ and the result of the instrument is reported as 
a sum score of all 25 questions. The instrument is especially suitable for research in 
Nordic countries because the development and validation have been conducted in 
Norway. The BBI-25 was already well-validated, but the Finnish psychologists 
Näätänen et al., together with the original developer Stig Berge Matthiesen from 
Norway, wanted to further develop the questionnaire (Näätänen et al., 2003). Their 
idea was to divide the questions into three dimensions, measuring the different 
aspects of burnout introduced by the developers of the MBI-GS instrument. A sum 
score of all the dimensions would also be preserved. Suitable questions to measure 
the three dimensions were already included in the BBI-25. Another goal of the 
developers was to shorten the questionnaire somewhat, yet not lose its 
comprehensiveness. As a result of this work, the BBI-15 questionnaire was 
introduced in 2003. The validity of the new instrument was based on previous data 
from Norway and new data collected in Finland among over 10,000 employees.  

Altogether, the BBI-15 consists of 15 items to assess job burnout in three 
dimensions (5 items each): exhaustion, cynicism and reduced professional efficacy. 
Responses are rated on a 6-point Likert-type scale (1=totally disagree, 6=totally 
agree). The scores of the items for each dimension are summed together to get the 
sum result of each dimension. The scores from all the 15 items can also be summed 
together to get the sum score for job burnout. Normative percentiles for different age 
groups and genders are available in the BBI-15 manual (Näätänen et al., 2003). The 
percentiles are scored as follows: Percentile 0–74: No burnout; Percentile 75–84: 
Mild burnout; Percentile 85–94: Moderate burnout; Percentile 95–100: Severe 
burnout. The sum score of the BBI-15 has been found to be associated with 
depression and low work ability, and the validity and the test–retest reliability of the 
BBI-15 is good (Näätänen et al., 2003; Salmela-Aro et al., 2011). When compared 
to the MBI-GS, the dimensions of exhaustion and cynicism are closely related 
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(correlations 0.87 and 0.88), but the dimension of reduced professional efficacy has 
a weaker correlation (0.30) (Näätänen et al., 2003).  

Occupational Stress and Work Ability 

It is not surprising that occupational stress and burnout have a negative association 
with work ability, since the symptoms of burnout are so tightly related to 
fundamental components of work life. It has been shown that occupational stress is 
associated with poorer results in the WAI among different occupational groups 
(Hatch et al., 2018; Yong et al., 2013). Occupational burnout, defined with the MBI-
GS, has also been studied in a Finnish multidisciplinary epidemiological health 
survey, the Health 2000 Study, among a general population. Burnout was found to 
be an independent risk factor for medically certified sickness absence during the 2-
year period after the basic measurements in a sample of 3,151 working-age 
participants (Ahola et al., 2008). In another work from the same study population, 
the presence of burnout was found to predict disability pension during a 4-year 
follow-up period. Each one-point increase in the overall sum score of MBI-GS was 
related to a 49% increase in the odds for a future disability pension (Ahola et al., 
2009).  

Occupational Stress and Quality of Life 

Not only does occupational stress have severe negative associations with health and 
work ability of the employees, but it also affects their QoL. Occupational stress was 
negatively associated with both physical and mental component scores of the SF-36 
among Chinese teachers (Yang et al., 2009), and similar associations were also seen 
among Greek nurses (Sarafis et al., 2016). In a population-based study in the US, job 
strain was negatively associated with five of the eight aspects of HRQoL in the SF-
36: physical functioning, role functioning related to physical health, vitality, social 
functioning, and mental health (Lerner et al., 1994). In a recent review article, a 
negative correlation between burnout and QoL in studies among nurses was widely 
reported (Khatatbeh et al., 2022). However, in a Malaysian study among hospital 
employees, poor mental health was shown to have a significant mediating effect in 
the relationship between burnout and poor QoL (Woon & Tiong, 2020). This finding 
is probably more logical than surprising: the symptoms of burnout and depression 
are somewhat overlapping, and burnout is a known risk factor for depression (Ahola, 
2007). QoL has also been found significantly lower among patients with depression 
(Saarni et al., 2007; Schmidt et al., 2006), and job burnout has been associated with 
poor sleep quality (B. Wang et al., 2021), a common symptom of depression (ICD-
10, 2019). 
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2.5.2 Shift Work 

The Effects of Shift Work on Health 

Shift work is a term used to describe work schedules other than those during 
conventional daytime hours. It can mean fixed early morning, evening, and night 
work, as well as roster work and rotating three-shift work, which means that the 
employees rotate regularly between day, evening, and night shifts. Shift work 
disrupts the normal sleep-wake cycle, and often leads to sleep loss (Kecklund & 
Axelsson, 2016). 

Kecklund and Axelsson (2016) have comprehensively reviewed the literature on 
health consequences of shift work and insufficient sleep. Several studies have found 
that shift work containing night shifts is a risk factor for adverse health 
consequences. Occupational accidents (Wagstaff & Lie, 2011), obesity (Proper et 
al., 2016), type 2 diabetes (Knutsson & Kempe, 2014), CV disease (Vyas et al., 2012) 
and breast (Jia et al., 2013), prostate (Rao et al., 2015), and colorectal cancers (X. 
Wang et al., 2015) are more common among employees whose work schedule 
includes night shifts. The unwanted health consequences are very similar to the ones 
that occur due to sleep loss and poor sleep quality, and it is suggested, that the effects 
are mediated by insufficient sleep and circadian disruption (Garde et al., 2020; 
Kecklund & Axelsson, 2016).  

Circadian rhythms are physiological cyclic phenomena of the human body that 
are synchronized through light exposure. The circadian master clock is in the 
suprachiasmatic nucleus in the hypothalamus, and regulates bodily functions through 
nervous, humoral and endocrine pathways. The master clock also directly regulates 
the pineal gland, which produces melatonin, a hormone that signalises the dark–light 
cycle to most organs and tissues and is thus essential in maintaining the circadian 
synchronisation and the sleep–wake cycle (Buijs et al., 2003). Exposure to light at 
night-time in shift workers then suppresses their melatonin secretion. Different 
systems and cells also react to alterations in circadian rhythms at different speeds, 
which leads to a desynchronisation of rhythms with night shift work. The suppressed 
melatonin secretion and internal desynchronisation are thought to increase the risk 
for breast cancer at least (Haus & Smolensky, 2013).  

Sleep duration has been found to be shorter among shift workers compared to 
daytime workers (Kecklund & Axelsson, 2016), and short sleep duration is linked 
with several adverse health consequences, such as type 2 diabetes, hypertension, 
obesity, CV disease and even mortality (Itani et al., 2017). Short sleep duration has 
been demonstrated to cause hormonal changes that contribute to the development of 
obesity and impaired glycaemic control, and low-grade inflammation is also 
associated with reduced sleep (Kwok et al., 2018). In addition of these changes in 
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physiology, it has been shown that shift work is also associated with poorer dietary 
habits with lower consumption of fruit and vegetables and more energy intake from 
saturated fats, which can further increase the risk for metabolic diseases such as type 
2 diabetes (Hemiö et al., 2015).  

The sleep duration of the shift workers is particularly short before early morning 
shifts and after night shifts. Average sleep duration has been found to be especially 
short with work schedules in which the rotation of the shifts is rapid (one to three 
similar shifts on a row) or the recovery time between shifts is short (<11 hours). Shift 
workers also report problems with sleeping more often than employees working 
conventional daytime hours, and 10–23 % of shift workers in rotating and night shift 
work develop a certain ‘shift work sleep disorder’ (Kecklund & Axelsson, 2016). 

There are large personal differences on how employees tolerate shift work. One 
of the key features appears to be the chronotype, a genetically linked trait that refers 
to periods during the day when individuals are most awake and active. ‘Morning 
larks’ are most functional in the early morning hours, whereas ‘night owls’ are more 
awake and functional in the late afternoon and night hours. The morning types are 
found to have reduced tolerance for shift work. Other personal features, such as 
gender, age, previous sleep problems, mental and physical illnesses and social and 
family duties as well as some personality features can also affect the tolerance for 
shift work (Saksvik et al., 2011; Wickwire et al., 2017). As a conclusion, shift work 
containing night shifts can have adverse effects on health, mediated mostly by the 
effects of sleep loss and circadian disruption. However, the tolerance for shift work 
can vary markedly between individuals, and the unwanted consequences may affect 
especially those employees who are the most sensitive to shift work.  

Shift Work, Quality of Life and Work Ability 

There are several studies on the association of shift work and QoL. Many of them 
have been conducted on healthcare workers, but other occupational groups have also 
been studied. Most of the papers have the parallel result that shift workers often have 
poorer QoL than a normal population or employees working during conventional 
daytime hours (Kawabe et al., 2015; Lim et al., 2020; Nena et al., 2018; Turchi et 
al., 2019; Wickwire et al., 2017). The mediating factor between shift work and 
impaired QoL is at least partially thought to be disturbed sleep (Lim et al., 2020).  

The association of shift work with work ability has not been very widely 
researched. In a study among women working in Iranian food supplier factories, 
work ability was detected to be the poorest among shift workers. In that study, good 
work ability was also found to be positively associated with good HRQoL (Tavakoli-
Fard et al., 2016). In another study among Iranian industry workers, work ability was 
found to be the poorest among workers with three-shift schedules and with poor sleep 
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quality (Mokarami et al., 2020). However, there are also studies, in which work 
ability of the shift workers is not found to be worse than work ability of the daytime 
workers. In addition, there is evidence that forcing the employees to work on a 
schedule they find unsuitable for themselves is associated with significantly poorer 
work ability (Galatsch et al., 2013). This could be taken as an indicator that 
employees with lower work ability with shift work are willing to change their work 
pattern. In addition, the results of that study showed that fulfilling the employees’ 
wishes for work scheduling improved their work ability (Galatsch et al., 2013). 
These findings support the model that shift work and other unconventional work 
schedules are especially unsuitable for some workers, whilst others can tolerate them 
quite well.  

2.6 Summary of the Literature Review and Key 
Gaps in Earlier Research 

The interest of this thesis is to study general QoL and work ability among public 
sector employees of the city of Pori and the factors associated with these outcomes. 
QoL is a very broad concept defining a person’s health and well-being. There are 
many tools for the assessment of general QoL and HRQoL, but QoL in its most 
comprehensive meaning can be best assessed with tools based on the work of the 
WHOQOL project (WHOQOL Group, 1995). QoL among working-age Finns is 
good on average and has not changed significantly during the most recent two 
decades (Koponen et al., 2018; Koskinen et al., 2012). Along with QoL, work ability 
is very important for working-age people, and the WAI and the WAS have been 
found to be reliable tools to measure it by self-reporting (El Fassi et al., 2013; 
Ilmarinen, 2007). The majority of Finnish working-age people rate their work ability 
as good on average (Gould et al., 2008; Koponen et al., 2018). QoL and work ability 
have been found to be highly correlated in previous literature (Chiu et al., 2007; 
Milosevic et al., 2011; Mokarami et al., 2022), and despite some differences, many 
determinants of these two outcomes are similar. The factors that were chosen to be 
studied in association with QoL and work ability in this thesis are aspects that are 
relevant in health promotion and prevention of CV diseases. Some important 
previous findings about these factors, and gaps in earlier research, were as follows: 

There is previous information about the associations of many individual CV risk 
factors with QoL (Bize et al., 2007; Goldenberg et al., 2014; Kroes et al., 2016), but 
only a few studies have investigated the concept of ideal CV health (with a 
combination of seven important CV health metrics) in association with QoL (Allen 
et al., 2015; Odom et al., 2016; Wu et al., 2021). To my knowledge, there are no 
previous works on the association of ideal CV health with general QoL. There is 
knowledge that adherence to a healthy diet, like the Mediterranean diet, is associated 
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with better QoL (Vajdi & Farhangi, 2020), but less has been known about the role 
of the consumption of healthy or unhealthy foods in association with QoL. Overall, 
although there is abundant information about factors associated with QoL in different 
populations, previous literature about associations with general QoL among the 
active public sector workforce was relatively scarce. More information was needed 
about the most important factors associated with QoL and work ability of these 
employees. This information could help in designing effective health promotion in 
order to prevent CV diseases and the decline in work ability. One important factor 
known to be associated with QoL and work ability is sleep. There is convincing 
evidence that sleep quality and duration are associated with health, QoL and work 
ability (Cappuccio et al., 2011; Kwok et al., 2018; Lallukka & Kronholm, 2016; 
Matsui et al., 2021) However, there were only a few previous studies about how 
changes in sleep are associated with QoL and work ability (Kronholm et al., 2021; 
Tang et al., 2017). 
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3 Aims 

The aim of this thesis was to investigate general QoL and work ability, and the 
factors associated with these outcomes, among the employees of the City of Pori. 
The specific aims were:  

1. To evaluate the association between the American Heart Association’s 
concept of ideal CV health and QoL.  

2. To widely assess factors that could be associated with QoL and self-
reported work ability among the study participants. 

3. To examine whether temporal changes in sleep parameters are associated 
with temporal changes in QoL and work ability over a one-year period. 

4. To examine the association of the daily consumption frequencies of 
healthy and unhealthy food items with QoL in female employees. 
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4 Materials and Methods 

4.1 Study Population 
The study population of this thesis consisted of individuals participating the 
longitudinal PORTAAT (PORi To Aid Against Threats) survey in the years 2014 
and 2015. The PORTAAT study was conducted among employees of the city of Pori 
(83,497 inhabitants in 2014) in southwest of Finland. The participating work units 
(10 out of 30) were selected by the chief of the welfare unit of Pori. The main 
selection criterion was that the work unit had not been involved in any health-
promoting program other than routine occupational healthcare in the past few years. 
Invitations to participate and information on the study were sent to employees via 
email by the managers of the selected ten work units. The total number of employees 
in the chosen units was 2,570 (369 males, 2,201 females). Information events about 
the study were also organized for the employees. The employees willing to 
participate contacted the study contact person at their work unit, who then sent their 
contact information to the study nurse. There were no exclusion criteria. A total of 
836 (104 males, 732 females) of the 2,570 invited employees participated in the 
study in 2014. The response rate in 2014 was 32.5%. All the initial respondents were 
invited to the second part of the study in 2015, and 710 (85%) of them (79 males, 
631 females) attended. The participants’ occupations included librarians, museum 
employees, janitors, information technology workers, social workers, nurses, 
physicians, administrative officials, and general office staff. 

The formation of all the study populations is presented in Figure 1. The study 
population in the cross-sectional Study I is the 836 initial respondents at baseline in 
2014. In the cross-sectional Study II, the study population is the 710 participants who 
attended the follow-up visit in 2015. The data from the year 2015 were chosen for 
Study II since complete information about psychosocial risk factors was available 
only from that year.  

In the prospective follow-up Study III, 637 participants (76 males, 561 females) 
were included in the study population. The inclusion criteria were complete 
information about age, gender, educational level, and BMI at the first measurement 
point in 2014 and EUROHIS-QOL, WAS, and sleep duration at both measurement 
points (2014 and 2015). Participants who were pregnant at either time point (n=7), 
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were excluded. There were 126 participants who were excluded because they did not 
attend the follow-up visit and an additional 73 participants who were excluded due 
to missing information or pregnancy.  

The study population in the cross-sectional Study IV consists of the 631 female 
participants who attended the follow-up visit in 2015. Information from the follow-
up was chosen since data from the 45-item food frequency questionnaire 
(PORTAAT FFQ) were available only from that year. It is known that nutritional 
behaviours vary between genders (Grzymisławska et al., 2020), and since there were 
so few male participants, they were excluded from this study.  

 
Figure 1. The formation of the study populations (Studies I–IV). *Subjects with missing information 

(n=66) or pregnancy (n=7) were excluded from the analyses.  
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4.2 Methods 

4.2.1 Physical Examination and Questionnaires 
At the enrolment visit with the study nurse, written informed consent to participate 
in the study was gathered from all the participants. Laboratory tests were taken after 
an overnight fast of at least eight hours, and the participants were given the study 
questionnaires to be completed at home before the next study visit. The 
questionnaires concerned the participants’ health, QoL, work-related factors, 
lifestyle, sleep, psychosocial factors, and sociodemographic factors.  

At the second appointment, height and weight were measured by the study nurse 
with subjects in a standing position without shoes and outer garments. Weight was 
measured to the nearest 0.1 kg with calibrated scales and height to the nearest 0.5 cm 
with a wall-mounted stadiometer. BMI was calculated as weight (kg) divided by the 
square of height (m²). Blood pressure was measured with an automatic validated 
blood pressure monitor with subjects in a sitting posture, after resting at least 5 
minutes. Two readings taken at intervals of at least 2 minutes were measured, and 
the mean of these readings was used in the analysis. The subjects were instructed to 
perform blood pressure measurements at home (duplicate measurement twice a day) 
for a week if the mean reading of the twice measured blood pressure was at least 140 
mmHg for systolic or 90 mmHg for diastolic blood pressure. Hypertension was 
defined as the use of medication for hypertension or if the mean reading of home 
blood pressure measures was at least 135 mmHg for systolic blood pressure or 85 
mmHg for diastolic blood pressure. This threshold is recommended for diagnosing 
hypertension by home blood pressure measurements (Parati et al., 2008). The results 
of the questionnaires and laboratory tests were checked and reviewed with the 
participant. The study nurse gave personal recommendations for a healthy lifestyle, 
and if any medical problem needed further examination, the participant was guided 
to occupational healthcare. 

Quality of Life (Studies I–IV) 

QoL was assessed with the EUROHIS-QOL 8-item index (Power, 2003). The 
participants answered the questions at home before the study visits. Every question 
was scored from 1 to 5 (1 for very poor and 5 for very good). All scores were then 
added together and divided by 8 (the sum of the questions) to obtain the EUROHIS-
QOL mean score (Schmidt et al., 2006). 
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Sociodemographic Factors (Studies I–IV) 

Through self-administered questionnaires, information was gathered about age, 
gender, marital status (cohabiting or not; Study II, IV), having children <18 years of 
age (yes or no; Study II, IV), vocational education (vocational school, college-level 
education, or university-level education; Study I, II, III) and years of education 
(Study IV).  

Work-Related Factors (Studies II, III) 

Work ability was assessed with WAS, which is the first item of the WAI (Ilmarinen, 
2007): ‘What is your current work ability compared with your lifetime best?’. On its 
0–10 response scale, 0 stands for ‘completely unable to work’ and 10 stands for 
‘work ability at its best’. Work ability was considered poor for scores of 0–5, 
moderate for scores of 6–7, good for scores of 8–9 and excellent for a score of 10 
points, based on the scoring used in the WAI (Gould et al., 2008). Work-related 
stress (Study II) was evaluated with the BBI-15 (Näätänen et al., 2003). Responses 
for the 15 items of the BBI-15 are rated on a 6-point Likert-type scale (1=totally 
disagree, 6=totally agree). The total score of the indicator, which can vary from 15 
to 90, was used in the analysis. The higher scores indicate more severe burnout 
symptoms; symptoms can be classified into severe, moderate, mild and no burnout, 
with specific threshold values according to gender and age (Näätänen et al., 2003). 
Burnout was assessed as a binary variable such that all scores from mild to severe 
burnout were set to indicate the presence of burnout symptoms. Working times (3-
shift of not) were asked in the questionnaires (Study II).  

Sleep (Studies I–IV) 

Self-reported sleep quality was assessed with the question ‘During the past month, 
how would you rate your sleep quality overall?’ (Very good, Good, Poor, or Very 
poor). Sleep quality was categorised into these four classes in Studies I and III. In 
Study II, the two lowest classes of sleep quality were combined and set to indicate 
poor sleep quality. In Study IV, the variable was dichotomised into good/poor sleep 
quality. Sleep duration (Studies II, III) was measured with the question ‘During the 
past month, how many hours of sleep did you normally get at night?’. The 
participants were asked to answer the question in an open text field, and during the 
data entry, the answers were rounded to the nearest half an hour. Similar rounding 
of self-reported sleep duration has also been used in previous literature (Myllyntausta 
et al., 2017). Use of sleep medication (Studies II, III) was assessed with the question 
‘During the past month, how often have you taken medicine (prescribed or ‘over the 
counter’) to help you sleep?’ (Not during the past month, Less than once a week, 
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Once or twice a week, or Three or more times a week). All these questions are items 
from the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989).  

In Study III, three response categories were derived for all three sleep parameters 
to describe change in these variables between the two measurement points. For both 
sleep duration and use of sleep medication, the three categories were ‘increased’, ‘no 
change’ and ‘decreased’; for sleep quality, the categories were ‘improved’, ‘no 
change’ and ‘worse’. Any difference in sleep quality and sleep medication use and a 
difference of half an hour in sleep duration between baseline and follow-up were 
considered changes in the analyses. 

Psychological Factors (Studies II, IV) 

Depressive symptoms were assessed with the Major Depression Inventory (MDI) 
questionnaire (Bech et al., 2001). This inventory can be used as a diagnostic tool for 
major depression according to Diagnostic Manual of Mental Disorders (DSM-V) 
diagnostic criteria, as well as an assessment tool for the severity of depressive 
symptoms (Bech et al., 2001, 2015). To assess severity of depressive symptoms, a 
total score of 0–20 is considered no symptoms, 21–25 mild symptoms, 26–30 
moderate symptoms and 31–50 severe depressive symptoms. In Studies II and IV, 
the total score of MDI was used as a continuous variable, and in Study II, the 
diagnostic tool was also used to determine whether a person was depressive or not.  

Anxiety was assessed with the General Anxiety Disorder 7-item scale (GAD-7) 
(Spitzer et al., 2006). In the GAD-7, a total score of 0–4 is considered no anxiety, 5–
9 mild anxiety, 10–14 moderate anxiety and 15–21 severe anxiety. This 
categorisation into four classes was used in Study II. In multivariable analyses of the 
same study, a binary variable for anxiety with a cut-off point of 10 of the total score 
was used. This cut-off is recommended by the developers of the GAD-7 
questionnaire (Spitzer et al., 2006). In Study IV, the total score of GAD-7 was used 
as a continuous variable.  

Food Consumption (Studies I, IV) 

The food consumption frequencies in 2014 were reported using a non-quantitative 
16-item Food Frequency Questionnaire (FFQ). The questionnaire was constructed 
for the PORTAAT Study based on diet questionnaires used in former Finnish 
population surveys. The FFQ had lines for white bread and dark (rye) bread; sweet 
bakery products; crisps; sweets; fresh fruit; fresh vegetables; berries; cheese; fat-free 
or low-fat (≤1%) dairy products; other dairy products; sausages; red meat; white 
meat (poultry); fish; and eggs. The FFQ had five answer columns: Every day, On 3-
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6 days a week, Few times a month, More rarely and Not at all. The instruction was 
to tick a suitable column.  

In 2015, the food consumption frequencies during the prior week were reported 
using a non-quantitative 45-item FFQ (PORTAAT FFQ). This questionnaire was 
based on the version developed for and validated to study children’s diets with 
parents filling in the questionnaires (Korkalo et al., 2019). The PORTAAT FFQ 
included eight food groups: vegetables, fruit, and berries; dairy products; fats and 
oils; fish; meat and eggs; cereal products; drinks; and others (i.e., sweets and snacks). 
Additional lines for the frequencies of meals and the use of dietary supplements were 
included. The PORTAAT FFQ had three answer columns: Not at all, Times per week 
and Times per day. The instruction was to either tick the ‘Not at all’ column or to 
write a number in one of the other columns.  

For Study I, the consumption of fruit, vegetables, white meat, fish, and whole 
grain products was obtained directly from the 16-item FFQ. The use of unsaturated 
dietary fats was estimated based on the consumption of fat-free milk products, 
cheeses, red meat, sausages and crisps.  

For Study IV, the items in the eight main categories of the PORTAAT FFQ were 
categorised into healthy and unhealthy foods, and 11 groups of healthy foods and six 
groups of unhealthy foods were derived (Table 9). Nutritionally neutral items were 
excluded. From the data collected with the FFQ, the mean daily consumption 
frequency of foods in the same group was summed and used as an indicator of dietary 
consumption. For example, the daily consumption frequency of whole grain breads, 
pasta, rice, porridge, muesli, etc. was summed and used as an indicator of whole 
grain product consumption. If the consumption frequency of a food was reported as 
times per week, the weekly consumption frequency was divided by seven to get the 
mean daily consumption frequency. Two sums of variables were derived: the 
consumption frequency of healthy foods was the sum of the consumption frequencies 
in the 11 healthy food groups, while the consumption frequency of unhealthy foods 
was the sum of the consumption frequencies in the six unhealthy food groups. 
Regular breakfast was defined as having breakfast every day.  
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Table 9.  The healthy and unhealthy food groups. 

Healthy Food Groups Unhealthy Food Groups 
Fat free milk and sour milk, low-fat cheese (fat 
<20%) 

Red meat, sausages, red cold meat  

Unflavoured nuts, seeds, and almonds Juices and beverages sweetened with sugar  
Legumes (peas, lentils, beans)  Savoury bakery products such as pies and 

pastries, potato crisps and nachos, popcorn, 
salted nuts  

Fresh vegetables  Sweet bakery products (buns, pies, cookies, 
cakes), chocolate, sweets   

Fresh fruit and berries Alcohol  
Whole grain pasta and rice, rye bread, rye 
crisp bread, breakfast cereal, muesli, porridge 

High-fat dairy products: full fat milk and sour 
milk, full-fat cheese (fat >20%), butter, butter-oil 
spreads (fat >80%) 

Fish and fish dishes  
Margarines and oils (cooking, bread spread, 
salad dressing) 

 

Cooked vegetables  
Eggs  
White meat  

From Study IV (Bergman et al. 2022) © 2022 The Authors. Published by MDBI. Distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/BY/4.0/).  

Other Health Habits (Studies I, II and IV) 

Smoking status was assessed by a questionnaire and dichotomised into current 
smoking/non-smoking. Non-smoking was defined as having never smoked or having 
quit smoking >12 months ago (Studies I, II, IV). Alcohol consumption was assessed 
using the 3-item Alcohol Use Disorders Identification Test (AUDIT-C) (Bush et al., 
1998). In Study II, alcohol consumption was dichotomised into harmful alcohol use 
or not, with a cut-off of 5 points in women and 6 points in men (Aalto et al., 2006; 
Tuunanen et al., 2007). In Study IV, the total score of AUDIT-C was used as a 
continuous variable.  

Physical activity was assessed with a self-administered questionnaire about the 
frequency and duration of leisure-time physical activity and commuting activities in 
a typical week. The questionnaire was constructed for the PORTAAT Study based 
on physical activity questionnaires used in former population surveys. The 
participants were asked to assess their physical activity with the following six items; 
1=No regular physical activity, 2=Light aerobic type (e.g. slow walking), 3= 
Moderate aerobic type (e.g. brisk walking), 4=Vigorous aerobic type (e.g. running), 
5=Resistance type of training (e.g. gym training), 6=Activity related to balance (e.g. 
dance or games). Participants were instructed to report all weekly physical activity 
lasting longer than 10 minutes. Each item included a question about the frequency 
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and duration of activity. Both moderate aerobic type (3, e.g. walking) and vigorous 
aerobic type activity (4, e.g. running) were considered, and physical activity was 
reported as minutes (Study I) or hours (Study IV) per week. 

Previously Diagnosed Diseases and Current Medication (Studies I–IV) 

Information concerning previous medical history (diseases diagnosed by a 
physician) and medication used regularly (Study I), was gathered using self-
administered questionnaires and from the medical records. Disease burden (Studies 
I, II, III) was defined as having at least one chronic disease diagnosed by a physician. 
In Study IV, the number of chronic, diagnosed diseases was used.  

4.2.2 Laboratory Measurements 
Laboratory tests were determined on blood samples which were obtained after at 
least eight hours of fasting. Plasma glucose, total cholesterol, high-density 
lipoprotein cholesterol (HDL-C) and triglycerides were measured enzymatically 
(Architect c4000/c8000). Low-density lipoprotein cholesterol (LDL-C) was 
calculated by the Friedewald´s formula (Friedewald et al., 1972). Glycated 
haemoglobin (HbA1c) was analysed using the high performance liquid 
chromatography method, (Tosoh HLC-723G7 (G7)). 

4.2.3 The Ideal Cardiovascular Health Metrics 
The American Heart Association’s ideal CV health metrics were used to assess the 
CV health of the participants (See Table 5). The ideal metrics were defined as binary 
variables, the participants either achieving the ideal or not. The cut-off values used 
for defining the ideal levels of the metrics were the ones recommended by the 
American Heart Association (Lloyd-Jones et al., 2010). A modified version of the 
classification was used, in which blood pressure, total cholesterol and glucose 
tolerance treated to goal were also regarded as ideal. This was based on the European 
guidelines on CV disease prevention (Piepoli et al., 2016), in which these 
medications are handled, in non-complicated cases, as primary prevention for CV 
disease. The diet score used was also modified from the original. In the American 
Heart Association’s original metrics, the ideal diet metric is achieved by reaching 
four or five of the following recommendations: 1) fruit and vegetables: ≥450 g per 
day, 2) fish: ≥two 100 g servings per week (preferably oily fish), 3) fibre-rich whole 
grains: ≥three 30 g servings per day, 4) sodium: <1500 mg per day and 5) sugar-
sweetened beverages: ≤450 kcal per week. In my study, the dietary metric was 
defined as ideal if the consumption rate of at least three times a week was achieved 
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in four or five of the following food groups: fruit, vegetables, whole grains, 
unsaturated dietary fats, and white meat (poultry, fish). Furthermore, I used HbA1c 
instead of fasting plasma glucose to determine normoglycemia, because HbA1c can 
give an indication of glycemia over several preceding weeks rather than at a single 
time point (Selvin et al., 2007). 

The CV health of the participants was categorised into three categories by the 
achievement of 0–2, 3–4 or 5–7 ideal metrics. This categorisation was based on 
previous research on the American Heart Association’s ideals to describe 
poor/unfavourable (0–2 ideal CV health metrics), intermediate (3–4) and 
ideal/favourable (5–7) levels of cardiovascular health (Willis et al., 2015). 

Ideal Health Factors 

Blood pressure was considered ideal if the systolic blood pressure was <120 mmHg 
and the diastolic blood pressure was <80 mmHg untreated or treated to goal with 
primary preventive medication. The ideal level of total cholesterol was <5.18 mmol/l 
(<200 mg/dl), and normoglycemia was defined as HbA1c <42 mmol/mol 
(International Expert Committee, 2009). Both total cholesterol and glucose tolerance 
were categorised as ideal if the goal levels were achieved either untreated or with 
primary preventive medication.  

Ideal Health Behaviours 

Ideal smoking status was defined as having never smoked or having quit smoking 
>12 months ago. The dietary metric was defined as ideal if the consumption rate of 
at least three times a week was achieved in four or five of the following food groups: 
fruit, vegetables, whole grains, unsaturated dietary fats, and white meat (poultry, 
fish). The ideal level of physical activity was defined as engaging in ≥75 minutes per 
week of vigorous intensity activities, or ≥150 minutes per week of moderate intensity 
activities, or a combination of ≥150 minutes per week of moderate and vigorous 
intensity activities. The ideal BMI was classified as <25.0 kg/m². 

4.2.4 Statistical Analyses 
The data are presented as means and with standard deviations (SD) or 95% 
confidence intervals (CI) for continuous variables, if the variable is normally 
distributed. Categorical variables are presented with counts and percentages (%). All 
statistical tests were performed as two-sided, with a significance level set at 0.05. 
Normality assumptions were checked visually together first with a Shapiro-Wilk test 
first before analysis and then with studentised residuals after analysis. 



Elina Bergman 

 60 

As a summary for Studies I–III, a chi-square test was used to study associations 
between two categorical variables in basic background comparisons and in 
univariate approaches. A one-way analysis of variance (ANOVA)/Student t-test was 
used when the response was continuous. Multivariable modelling was performed 
with a linear model, including both categorical and continuous explanatory variables 
in the models. These models were reported with F-values, degrees of freedom (DF), 
p-values and with model-based 95% CI for means. Details for modelling are 
presented below. 

In Study I, the association between categorical baseline characteristics and 
gender was evaluated with a chi-square test or with a two-sample t-test for numerical 
variables with an assumption of equal variances. To test the association between 
classified CV health (poor, intermediate or ideal) and explanatory characteristics 
(age, gender, disease burden, cohabiting, children<18 years, sleep quality, education 
and items of the EUROHIS-QOL) separately, a one-way ANOVA or a chi-square 
test was used. The same tests were used to test the association of EUROHIS-QOL 
total score with CV health profiles, individual health metrics and other 
characteristics separately. A multi-way analysis of covariance (ANCOVA) was 
created for EUROHIS-QOL total score; age, gender, cohabiting, education, sleep 
quality, CV health as classified, and disease burden were all entered into the model. 
Model-based means of EUROHIS-QOL with 95% CI, F-values, and DF are 
presented. For multiple group comparisons, Tukey’s adjusted method was used.  

In Study II, the association between sleep quality and background variables was 
evaluated using a chi-square test or a one-way ANOVA. Association between 
EUROHIS-QOL/work ability (WAS) and background variables including sleep 
quality were examined first one by one (univariate approach), with one-way 
ANOVA or with linear regression. Two multivariable (ANCOVA) models (one for 
EUROHIS-QOL and one for WAS) were then built up; age, gender, and all factors 
with a significant association with QoL and/or work ability in the univariate 
approach were entered into the models. The method used was a linear model and 
assumptions were checked using studentised residuals. The results are reported as 
model-based means of EUROHIS-QOL or WAS with 95% CI, F-values and DF. 

In Study III, models for multiway ANCOVA were built to study factors that 
could be associated with EUROHIS-QOL and WAS change. The outcome measures 
in the models were the mean changes of EUROHIS-QOL and WAS between the 
years 2014 and 2015, which were calculated by subtracting the baseline 
measurement from the 2015 measurement. Change in sleep quality, sleep duration, 
and sleep medication use were all entered in different models (due to collinearity 
issues) separately for EUROHIS-QOL change and WAS change. The results are 
reported as mean changes with 95% CI, F-values and DF. All the models were 
adjusted for age, gender, BMI, educational level, disease burden, and the studied 
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outcome measure (EUROHIS-QOL or WAS) level at baseline (2014). Multiple 
group comparisons between different classes of changes in sleep parameters in the 
adjusted models were also performed. Mean differences between the groups with 
95% CI are reported to indicate effect sizes. For multiple group comparisons, 
Tukey’s adjusted method was used.  

In Study IV, the linearity across the four level groups of healthy foods consumed 
per day was evaluated using the Cochran-Armitage test (chi-square test for trend), 
ordered logistic regression and ANOVA with an appropriate contrast (orthogonal). 
Van der Waerden rank-based normalization (Solomon & Sawilowsky, 2009) was 
used to yield standardised scores for consumption frequencies of healthy and 
unhealthy foods. 

A possible nonlinear relationship between EUROHIS-QOL and consumption 
frequencies was assessed by using four-knot restricted cubic spline regression 
models with knots located at the 5th, 35th, 65th, and 95th percentiles. For restricted 
cubic splines, also known as natural splines, knot locations are based on Harrell’s 
recommended percentiles (Harrell, 2001). Multivariate linear regression analysis 
was used to identify the relationship between QoL and the normalised standard 
scores for consumption of (healthy and unhealthy) foods with standardised 
regression coefficient beta (β). The beta value is a measure of how strongly the 
predictor variable influences the criterion variable. The beta is measured in units of 
SD. Cohen’s standard for beta values above 0.10, 0.30 and 0.50 represent small, 
moderate, and large relationships, respectively. The Finnish general population 
values for the EUROHIS-QOL (Koskinen et al., 2012) were weighted to match the 
age distribution of the study population. In the case of violation of the assumptions 
(e.g. non-normality) for continuous variables, a bootstrap-type method was used.  

The differences in the levels of smoking and harmful alcohol use between 
baseline (Study I) and follow-up (Study II) were checked with McNemar’s test to 
determine whether it is a true improvement, or a sign of selective dropout. These 
analyses were made for the thesis summary and were not used in any of the studies.  

The analyses for Studies I, II and III, as well as the additional analysis for the 
summary, were performed using SAS, version 9.4 for Windows (SAS Institute Inc., 
Cary, NC, US). The analyses for Study IV were performed using the Stata 16.1, Stata 
Corp LP (College Station, TX, US) statistical package.  

4.2.5 Ethical Issues 
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The study protocol and consent forms were reviewed 
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and approved by the Ethics Committee of the Hospital District of Southwest Finland 
(ETMK 43/180/2013). Written informed consent was obtained from all individual 
participants included in the study. All information gathered in the study is saved in 
a structured and secured database administered by the University of Turku. The 
information was coded to ensure that the study subjects cannot be identified from the 
data without using a specific code. The code is kept secured at the Department of 
General Practice of the University of Turku.  
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5 Results 

5.1 Characteristics of the Participants 
At baseline (Study I), there were 836 participants with a mean age of 48 years (SD 
10, Range 19–67), 87.6% of whom were female. Harmful alcohol use was more 
common in men (p=0.001) and the men used statins more often than women (p 
<0.001), but no other significant differences were detected between genders at 
baseline in the variables presented in Table 10. Basic characteristics, quality of sleep 
and EUROHIS-QOL mean scores from Studies I–IV are presented in Table 10. The 
differences between basic characteristics among the different study populations 
(Studies I–IV) were mostly small. Significant differences in the levels of smoking 
and harmful alcohol use were, however, detected between baseline (Study I) and 
follow-up (Study II). These differences were not analysed in any of the thesis studies, 
but additional analyses were performed for this summary. A significant decrease in 
both harmful drinking and smoking was detected (both p<0.0001), but smoking and 
harmful drinking were also more frequent among the dropouts than among all the 
study participants at baseline. Of the dropouts 19%, and of all the participants 14%, 
were smoking at baseline. For harmful drinking, the corresponding figures were 37% 
vs. 24% at baseline. In the prospective follow-up Study III, the 199 participants who 
were excluded from the analyses did not vary significantly from the study cohort in 
terms of gender, BMI, disease burden, sleep duration, sleep quality, or QoL, but they 
were slightly older and less educated. They also used more sleep medications at the 
follow-up visit, and their work ability had developed more unfavourably during the 
follow-up period compared to the study cohort.  

The initial response rate in the study was only 32.5%, and limited information 
about the non-respondents was available. Therefore, several analyses were made to 
examine how well the study participants resembled the whole personnel of the city 
of Pori, municipal employees in Finland, and the general population in Finland in 
the same age distribution. The gender distribution in the study (88% females) 
resembles the gender distribution among the employees working at the work units 
that were invited to participate in the study (86% females in 2014) and is close to the 
distribution among the employees of the city of Pori (78% females in 2014) (Porin 
Kaupungin Henkilöstöraportti 2014, 2014). The proportion of female employees is, 



Elina Bergman 

 64 

however, somewhat higher in the study population than among Finnish public sector 
employees in general (72% females) (Statistics Finland, 2017). The mean age of 48 
years among the study participants resembled the mean age among all personnel of 
the city of Pori (46 years among all personnel and 48 years among the permanent 
personnel) (Porin Kaupungin Henkilöstöraportti 2014, 2014). The mean annual rate 
of sickness absence days did not vary significantly between the study participants 
and the non-participants in the included employment sectors. The mean incidence of 
sickness absence days was 11 days per year among the study participants during the 
2-year period (2014–2015) (Vuorio et al., 2019), and the mean sickness absence rate 
among all employees of the selected work units was 12 days in 2015 (Porin 
Kaupunki Henkilöstöraportti 2015, 2015).  

The prevalence of smoking in my study population at baseline was comparable 
to that among working-age people in Finland (13% in women and 16% in men vs. 
14% and 17%, respectively (Helldán & Helakorpi, 2015). The proportion of obese 
(BMI ≥30kg/m²) females was 20% in my study in 2014, while in the general 
working-age population it was 22% in 2011 and 26% in 2017 (Koponen et al., 2018). 
Male participants in my study population appeared to be more often obese than in 
the Finnish working-age population on average. The proportion of obese males was 
31% in my study in 2014, and 24% in 2011 and 27% in 2017 in the general working-
age population (Koponen et al., 2018). Depressive symptoms were rare in my study 
population. Only 2.5% of the participants reported a previous diagnosis of depression 
at baseline, and nine (1.3%) of the participants met the diagnostic criteria for major 
depression at follow-up. The prevalence of depression (a depressive disorder 
diagnosed or treated by a physician during the past 12 months) in 2016 was 8% 
among females and 6% among males in the Finnish general population (Koponen et 
al., 2018).  
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Table 10.  Characteristics of the participants in Studies I–IV. The years refer either to baseline 
(2014) or follow-up (2015), where the data are derived from.  

 Study I  
(2014) 
n=836 

Study II 
(2015) 
n=710 

Study III 
(2014) 
n=637 

Study IV 
(2015) 
n=631 

 All Females Males    
Gender n, (%)       
 Female 732 (87.6) - - 631 (88.9) 561 (88.1) 631 (100) 
 Male 104 (12.4) - - 79 (11.1) 76 (11.9) - 
Age, years, 
mean (SD) 48.2 (10) 48.0(10) 49.7 (9) 49.0 (10) 48.0 (10) 49.0 (10) 

Vocational 
education n, (%) 

      

 Vocational school 26 (3.2) 23 (3.2) 3 (2.9) 21 (3.0) 16 (2.5)  
 College level 429 (52.1) 379 (52.6) 50 (48.5) 361 (51.6) 322 (50.6)  
 University level 368 (44.7) 318 (44.2) 50 (48.5) 318 (45.4) 299 (46.9)  
Cohabiting n, 
(%) 657 (78.6) 570 (77.9) 87 (83.7) 575 (81.2)  505 (80.0) 

Current smoking 
n, (%) 114 (13.6) 97 (13.3) 17 (16.3) 64 (9.0)  52 (8.2) 

Harmful alcohol 
use n, (%) 202 (24.3) 163 (22.4) 39 (37.9) 101 (14.2)   

Disease burden* 
n, (%) 503 (60.2) 441 (60.3) 62 (59.6) 468 (65.9) 383 (60.1)  

Cardiovascular 
medication n, (%) 

      

 Statins 53 (6.3) 37 (5.1) 16 (15.4)    
 Antihypertensive 

medication 181 (21.7) 155 (21.2) 26 (25.0)    

 Diabetes 
medication 35 (4.2) 31 (4.2) 4 (3.8)    

Quality of sleep, 
n (%) 

      

 Very good 99 (12.0) 81 (11.2) 18 (17.5) 103 (14.5) 71 (11.2) 
479 (75.9) 

 Good 495 (60.1) 430 (59.6) 65 (63.1) 441 (62.1) 385 (60.9) 
 Poor 208 (25.2) 189 (26.2) 19 (18.4) 151(21.2) 161 (25.5) 

152 (24.1) 
 Very poor 20 (2.4) 19 (2.6) 1 (1.0) 15 (2.1) 15 (2.4) 
EUROHIS-QOL 
mean score (SD) 3.92 (0.54) 3.93 (0.53) 3.87 (0.56) 4.07 (0.51) 3.94 (0.52) 4.07 (0.52) 

*At least one chronic disease diagnosed by a physician.  
EUROHIS-QOL; EUROHIS-QOL 8-item index, SD; standard deviation 
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5.2 Ideal Cardiovascular Health and Quality of Life 
(Study I) 

5.2.1 Prevalence of Ideal Cardiovascular Health 
The prevalence of ideal CV health (5–7 ideal health metrics) was 25.1% (n=210), 
intermediate CV health (3–4 metrics) 53.6% (n=448), and poor CV health (0–2 
metrics) 21.3% (n=178). The best achieved individual metric among the study 
population was the normal level of HbA1c, achieved by 94.4% of women and 88.5% 
of men. The most seldom achieved metric was the blood pressure level <120/80 
mmHg, which was achieved by 20.8% of women and 7.7% of men (Table 11). 
Diabetes medication was used by 4.2% of female and 3.8% of male participants, and 
21.2% of females and 25.0% of males used antihypertensives. Statins were used by 
5.1% of females and 15.4% of males (Table 10). Females achieved the metrics of 
ideal BMI, healthy diet, ideal blood pressure and blood glucose level significantly 
better than males, but there was no significant difference in the achievement of ideal, 
intermediate or poor CV health between the genders (p=0.069) (Table 11). The mean 
age of the female participants was 1.7 years lower than the mean age of the males 
(48.0 vs. 49.7 years), but the difference between genders was not significant 
(p=0.085).  

The individuals with more favourable CV health tended to be younger, 
cohabiting, and more educated. They typically had children <18 years of age and had 
better sleep quality. There was no significant difference in the presence of a disease 
burden (having at least one chronic disease diagnosed by a physician) or harmful 
alcohol use between the categories of CV health (data shown only in the original 
publication I; Bergman et al. 2019). 
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Table 11.  The prevalence of achieving different levels of cardiovascular health and individual 
health metrics according to gender.  

 
All  

n=836 
Females 

n=732 
Males  
n=104 

P-value* 

Cardiovascular health profiles, n (%)   0.069  
Poor (0–2 metrics) 178 (21.3) 149 (20.4) 29 (27.9) 

 
 

Intermediate (3–4 metrics) 448 (53.6) 391 (53.4) 57 (54.8) 
 

 
Ideal (5–7 metrics) 210 (25.1) 192 (26.2) 18 (17.3) 

 

Individual ideal health metrics, n (%) 
   

 
Non-smoking 722 (86.4) 635 (86.7) 87 (83.7) 0.39  
Body mass index <25.0 kg/m² 322 (38.5) 297 (40.6) 25 (24.0) 0.001  
Adequate physical activity † 334 (40.0) 290 (39.6) 44 (42.3) 0.60  
Healthy diet ‡ 282 (33.7) 258 (35.2) 24 (23.1) 0.014  
Total cholesterol <5.18 mmol/l 390 (46.7) 341 (46.6) 49 (47.0) 0.92  
Blood pressure <120/80 mmHg 160 (19.1) 152 (20.8) 8 (7.7) 0.002  
B-HbA1c <42mmol/mol (<6.0%) 783 (93.7) 691 (94.4) 92 (88.5) 0.020 

* Difference between males/females. † Engaging in ≥150 minutes per week of moderately intense 
activities or ≥75 minutes per week of vigorously intense activities. ‡Daily consumption of 
vegetables, fruit, whole grains, unsaturated dietary fats, and white meat (poultry, fish) at least three 
times a week was considered as a healthy diet. Intake of the ideal level of each dietary component 
was scored with one point for a range of 0–5. The dietary metric was considered as ideal if a score 
of 4-5 was achieved. B-HbA1c; glycated haemoglobin. Modified from Study I (Bergman et al. 2019) 
© 2019 The Authors. Published by Elsevier Inc. Distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/). 

5.2.2 The Association of Ideal Cardiovascular Health with 
Quality of Life 

The EUROHIS-QOL mean score increased according to the total number of ideal 
CV health metrics. The scores were 3.72, 3.91 and 4.10 among subjects with poor, 
intermediate and ideal CV health, respectively (p <0.0001). Additionally, all 
subcategories of CV health differed significantly from each other (all p-values 
≤0.0003). The mean scores of the individual items of the EUROHIS-QOL increased 
with more favourable CV health profiles. With poor CV health, the mean values of 
the individual items varied between 3.4 and 4.2 while with ideal CV health the mean 
values varied between 3.9 and 4.4. A significant positive association was present in 
all eight items. The mean scores of the EUROHIS-QOL according to CV health 
profiles are presented in Table 12.  
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Table 12.  Mean scores of the EUROHIS-QOL 8-item index (total score and individual items) 
according to cardiovascular health profiles.  

 
Cardiovascular health profiles  

Poor 
0–2 metrics 

(n=178) 

Intermediate 
3–4 metrics 

(n=448) 

Ideal 
5–7 metrics 

(n=210) 

P-value 

EUROHIS-QOL, mean score  
(95% CI)* 

3.72 
(3.64–3.91) 

3.91 
(3.86–3.96) 

4.10 
(4.04–4.16) <0.0001 

Items of the EUROHIS-QOL, 
mean score (95% CI) 

    
 

How would you rate your quality 
of life? 

3.70 
(3.60–3.81) 

3.89 
(3.83–3.95) 

4.02 
(3.94–4.10) <0.0001 

 
How satisfied are you with your 
health? 

3.37 
(3.22–3.53) 

3.68 
(3.56–3.76) 

3.99 
(3.88–4.10) <0.0001 

 
How satisfied are you with your 
ability to perform your daily 
living activities? 

3.81 
(3.69–3.93) 

4.05 
(3.98–4.13) 

4.30 
(4.21–4.39) <0.0001 

 
How satisfied are you with 
yourself? 

3.51 
(3.39–3.64) 

3.77 
(3.70–3.84) 

3.96 
(3.88–4.04) <0.0001 

 
How satisfied are you with your 
personal relationships? 

3.91 
(3.80–4.03) 

4.04 
(3.97–4.11) 

4.12 
(4.01–4.22) 0.0098 

 
How satisfied are you with the 
conditions of your living place? 

4.23 
(4.13–4.33) 

4.30 
(4.23–4.36) 

4.40 
(4.31–4.50) 0.011 

 
Do you have enough energy for 
everyday life? 

3.68 
(3.56–3.81) 

3.84 
(3.76–3.93) 

4.09 
(3.97–4.39) <0.0001 

 
Have you enough money to 
meet your needs? 

3.53 
(3.38–3.68) 

3.74 
(3.65–3.83) 

3.93 
(3.79–4.06) 0.0004 

*All pairwise comparisons p ≤ 0.0003. CI; confidence interval, EUROHIS-QOL; EUROHIS-QOL 8-
item index. Modified from Study I (Bergman et al. 2019) © 2019 The Authors. Published by Elsevier 
Inc. Distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/). 

The association of EUROHIS-QOL mean score was examined first separately with 
individual health metrics and other characteristics of the participants. The EUROHIS-
QOL mean score was significantly higher in participants having a healthy diet, a 
recommended level of physical activity, normal BMI, and a normal blood glucose level 
and in those who were non-smoking, compared to those who did not achieve these 
ideals. The EUROHIS-QOL mean score was also higher among those who were 
cohabiting, had good sleep quality, university-level education and no chronic illnesses. 
Levels of blood pressure and total cholesterol, harmful alcohol use and having children 
<18 years of age were not associated with EUROHIS-QOL mean score.  

The CV health profiles and the background variables that were significantly 
associated with QoL in the univariate approach, were entered in the multiway analysis 
of covariance (ANCOVA) and adjusted with gender and age. Good QoL was positively 
associated in this model with good sleep quality, favourable CV health profile, absence 
of a disease burden, higher age, university-level education and cohabiting. Sleep quality 
had the most powerful impact on QoL in that model. The difference of EUROHIS-QOL 
mean score estimates between very good and very poor sleep quality was 0.70 units, 
and between the poor and the ideal CV health 0.32 units (Table 13). 
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Table 13.  Predictors of quality of life in a multiway analysis of co-variance. 

Predictors of  
quality of life 

Model-based 
EUROHIS-QOL mean 
scores (95% CI) 

F-value 
(DF) 

P-value P-values for group 
comparisons 

Quality of sleep 
 

29.63 (3) <0.0001    
Very good 4.09 (3.97–4.21) 

  
Very good vs. Good 0.0041  

Good 3.91 (3.82–4.00) 
  

Very good vs. Poor <0.0001  
Poor 3.63 (3.53–3.73)  

 
Very good vs.  

Very poor <0.0001 
 

Very poor 3.39 (3.16–3.62) 
  

Good vs. Poor <0.0001 
     Poor vs. Very poor 0.14 
Cardiovascular 
health profiles 

 
18.26 (2) <0.0001   

 
Ideal (5–7 metrics) 3.92 (3.80–4.03) 

  
Ideal vs. Poor <0.0001  

Intermediate (3–4 
metrics) 3.75 (3.65–3.86) 

  
Ideal vs. 

Intermediate 0.0003 
 

Poor (0–2 metrics) 3.60 (3.48–3.71) 
  

Poor vs. 
Intermediate 0.0016 

Disease burden* 
 

18.92 (1) <0.0001    
Yes 3.68 (3.58–3.78) 

  
   

No 3.83 (3.73–3.94) 
  

  
Education 

 
4.48 (2) 0.012    

Vocational school 3.70 (3.49–3.91) 
  

Vocational vs. 
College 0.94 

 
College-level 3.73 (3.65–3.82) 

  
Vocational vs. 

University 0.36 
 

University-level  3.84 (3.75–3.92) 
  

College vs. 
University 0.0089 

Cohabiting 
 

4.31 (1) 0.038    
Yes 3.80 (3.70–3.90) 

  
   

No 3.71 (3.60–3.83) 
  

  
Gender 

 
3.71 (1) 0.054    

Female 3.81 (3.72–3.90) 
  

   
Male 3.71 (3.58–3.84) 

  
  

Age, slope estimate 
(SE) † 0.0058 (0.0019) 8.87 (1) 0.0030   

The impact of each variable on the outcome is displayed after adjusting for all other variables. * At 
least one chronic disease diagnosed by a physician † Slope value indicates the mean increase in 
EUROHIS-QOL mean score for one-year older person. CI; confidence interval, DF; degrees of 
freedom, SE; standard error. Modified from Study I (Bergman et al. 2019) © 2019 The Authors. 
Published by Elsevier Inc. Distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/). 

5.3 Factors Associated with Quality of Life and 
Work Ability (Study II) 

The basic characteristics of the participants at the follow-up visit (2015) are 
presented in Table 10. In addition to the characteristics examined at baseline, data 
about psychological symptoms and work-related factors were available from that 
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year. Only 9 (1.3%) of the participants were diagnosed as depressive according to 
the MDI diagnostic tool. All of them were also classified as anxious (GAD-7 score 
>10). The measures from these two psychological symptoms were combined for 
multivariable analyses. Additional characteristics among the participants of Study II 
are presented in Table 14.  

Table 14.  Additional characteristics of the participants of Study II (2015). 

Characteristic N (%) 
3-shift work, n (%) 76 (10.9) 
Body mass index, kg/m², mean (95% CI) 26.8 (26.42–27.13) 
Depression, n (%) 9 (1.3) 
MDI mean score (95% CI) 5.0 (4.57–5.43) 
Level of anxiety, n (%) 

 

  No anxiety (GAD-7 score 0–4) 534 (75.2) 
  Mild anxiety (5–9) 143 (20.1) 
  Moderate anxiety (10–14) 26 (3.7) 
  Severe anxiety (15–21) 7 (1.0) 
BBI-15 mean score (95% CI) 31.6 (30.82–32.41) 
At least mild occupational stress, n (%) 70 (10.6) 
Sleep duration, hours, mean (95% CI) 7.00 (6.93–7.07) 

BBI15; Bergen Burnout Indicator 15, CI; Confidence Interval, GAD-7; General Anxiety Disorder 7-
item Scale, MDI; Major Depression Inventory. Modified from Study II (Bergman et al. 2020) © 2020 
The Authors. Published by the BMJ Publishing Group Ltd. Distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/BY-NC/4.0/).  

5.3.1 Factors Associated with Sleep Quality 
Because sleep quality turned out to be a very important factor associated with QoL 
in Study I, the characteristics of the study population of Study II were also examined 
according to sleep quality. Sleep quality was reported to be very good by 14.5%, 
good by 62.1%, poor by 21.2% and very poor by 2.1% of the participants. Poor and 
very poor sleep quality were combined and set to indicate poor sleep quality in the 
analyses. Good self-reported sleep quality was negatively associated with disease 
burden, the prevalence of depression and severity of depressive symptoms, anxiety 
and work stress, and positively associated with QoL and work ability. Better sleep 
quality was also associated with longer sleep duration (Table 15). There were only 
five participants with a previously diagnosed obstructive sleep apnoea and three with 
restless legs syndrome. During the previous month, 14.8% of the participants had 
used sleep medication at least occasionally. The use of sleep medication was more 
common in women (15.1% vs 12.6% in men, p=0.038).  
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Table 15.  Characteristics of the participants of Study II (2015), according to sleep quality. 

Characteristic Sleep quality P-value  
Very good (n=103) Good (n=441) Poor (n=166)  

Age mean, years (SD) 47.5 (10.6) 49.1 (9.7) 49.8 (9.2) 0.072 
Gender, n (%)    0.10 

  Female 85 (13.5) 397 (62.9) 149 (23.6)  
  Male 18 (22.8) 44 (55.7) 17 (21.5)  

Education, n (%)    0.36 
  Vocational school 4 (19.1) 14 (66.7) 3 (14.3)  
  College-level 53 (14.7) 232 (64.3) 76 (21.1)  
  University-level 45 (14.2) 188 (59.1) 85 (26.7)  

Cohabiting, n (%) 83 (14.4) 353 (61.4) 139 (24.2) 0.64 
3-shift work, n (%) 15 (19.7) 44 (57.9) 17 (23.4) 0.41 
Smoking, n (%) 9 (14.1) 44 (68.8) 11 (17.2) 0.45 
Harmful alcohol 
consumption, n (%) 18 (17.8) 59 (58.4) 24 (23.8) 0.55 

Body mass index, kg/m², 
mean (95% CI) 26.4 (25.50–27.25) 27.0 (26.54–27.46) 26.5 (25.72–27.24) 0.92 

Disease burden*, n (%) 55 (11.8) 289 (61.8) 124 (26.5) 0.0016 
Depression, n (%) 0 (0.0) 3 (33.3) 6 (66.7) 0.016 
MDI mean score (95% CI) 2.4 (1.75–2.97) 4.1 (3.59–4.51) 9.2 (8.09–10.27) <0.0001 
Level of anxiety (GAD-7), 
n (%) 

   <0.0001 

  No anxiety 92 (17.2) 343 (64.2) 99 (18.5)  
  Mild anxiety 10 (7.0) 85 (59.4) 48 (33.6)  
  Moderate anxiety 1 (3.9) 10 (38.5) 15 (57.7)  
  Severe anxiety 0 (0.0) 3 (42.9) 4 (57.1)  

BBI-15 mean score (95% 
CI) 28.3 (26.43–30.23) 31.0 (30.05–31.99) 35.4 (33.60–37.20) <0.0001 

At least mild occupational 
stress, n (%) 3 (4.3) 38 (54.3) 29 (41.4) <0.0001 

Sleep duration, hours, 
mean (95% CI) 7.50 (7.35–7.66) 7.17 (7.09–7.24) 6.23 (6.09–6.38) <0.0001 

EUROHIS-QOL mean 
score (95% CI) 4.38 (4.30–4.45) 4.09 (4.05–4.14) 3.83 (3.75–3.91) <0.0001 

WAS mean score (95% CI) 8.99 (8.78–9.20) 8.34 (8.22–8.46) 7.80 (7.55–8.04) <0.0001 
Level of work ability 
(WAS), n (%) 

   <0.0001 

  Poor  1 (3.7) 12 (44.4) 14 (51.9)  
  Moderate 3 (2.6) 69 (60.5) 42 (36.8)  
  Good  61 (13.3) 298 (64.9) 100 (21.8)  
  Excellent 37 (34.6) 60 (56.1) 10 (9.4)  

*At least one chronic disease diagnosed by a physician, BBI-15; Bergen Burnout Indicator 15, CI; 
Confidence Interval, EUROHIS; EUROHIS-QOL 8-item index, GAD-7; General Anxiety Disorder 7-
item Scale, MDI; Major Depression Inventory, SD; Standard deviation, WAS; Work Ability Score. 
Modified from Study II (Bergman et al. 2020) © 2020 The Authors. Published by the BMJ Publishing 
Group Ltd. Distributed under the terms of the Creative Commons Attribution License. 
(http://creativecommons.org/licenses/BY-NC/4.0/).  

5.3.2 Factors Associated with Quality of Life 
QoL was first assessed separately with possible explanatory and background 
variables (age, gender, vocational education, cohabiting, smoking, harmful alcohol 
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consumption, BMI, disease burden, depression, level of anxiety, occupational stress, 
3-shift work and sleep quality). In this univariate approach, QoL was positively 
associated with good sleep quality, university-level education, cohabiting, lower 
BMI and younger age, and negatively associated with occupational stress, 
depression, anxiety and disease burden. In the multiway ANCOVA, QoL was 
positively associated with good sleep quality, cohabiting, university-level education 
and lower BMI, and negatively associated with occupational stress, depression 
and/or anxiety and disease burden (Table 16).  

Table 16.  Factors associated with quality of life in the multivariable model. EUROHIS-QOL mean 
scores/slope together with 95% CI are based on model estimates. 

 
EUORHIS-QOL 

mean score/ 
slope 

95% 
Confidence 

interval 

F-value (DF) P-value 

Age -0.00028 -0.0042–0.0036 0.02 (1) 0.89 
Gender 

  
0.00 (1) 0.99 

  Female 3.54 3.38–3.69 
  

  Male 3.54 3.36–3.72 
  

Education 
  

4.17 (2) 0.016 
  Vocational school 3.37 3.11–3.62 

  

  College-level 3.59 3.44–3.74 
  

  University-level 3.66 3.51–3.81 
  

Cohabiting 
  

5.72 (1) 0.017 
  Yes 3.59 3.43–3.75 

  

  No 3.48 3.31–3.66 
  

Body mass index -0.018 (-0.025, -0.011) 23.91 (1) <0.0001 
Disease burden* 

  
13.35 (1) 0.0003 

  Yes 3.47 3.31–3.63 
  

  No 3.61 3.44–3.77 
  

Depression and/or anxiety †‡ 
  

13.92 (2) <0.0001 
  No depression/No anxiety 3.89 3.77–4.00 

  

  Only anxiety 3.59 3.36–3.82 
  

  Depression and anxiety 3.14 2.81–3.46 
  

Occupational stress # 
  

39.30 (1) <0.0001 
  Yes 3.35 3.18–3.53 

  

  No 3.72 3.56–3.88 
  

3-shift work 
  

0.55 (1) 0.46 
  Yes 3.56 3.37–3.74 

  

  No 3.52 3.36–3.67 
  

Self-reported sleep quality 
  

22.02 (2) <0.0001 
  Very good 3.74 3.56–3.92 

  

  Good 3.53 3.36–3.69 
  

  Poor 3.34 3.18–3.51 
  

The impact of each variable on the outcome is displayed after adjusting for all other variables. * At 
least one chronic disease diagnosed by a physician, † Depression defined by Major Depression 
Inventory (MDI) diagnostic tool, ‡ Anxiety defined by General Anxiety Disorder 7-item Scale (GAD-
7), moderate or severe anxiety, # Defined by Bergen Burnout Indicator 15 (BBI-15), at least mild 
occupational stress. CI; Confidence Interval, DF; Degrees of freedom, EUROHIS-QOL; EUROHIS-
QOL 8-item index. Modified from Study II (Bergman et al. 2020) © 2020 The Authors. Published by 
the BMJ Publishing Group Ltd. Distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/BY-NC/4.0/). 
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5.3.3 Factors Associated with Work Ability  
Work ability was reported excellent by 15.2%, good by 64.9%, moderate by 16.1% 
and poor by 3.8% of the participants. The WAS mean score among all participants 
was 8.31 (SD 1.37), and the median was 9.0 (Q1:8.0, Q3:9.0). Work ability was first 
assessed separately with the same explanatory and background variables that were 
also used with QoL. In this univariate approach, work ability was positively 
associated with good sleep quality, younger age, lower BMI, university-level 
education, female gender and 3-shift work, and negatively associated with disease 
burden, depression, anxiety and occupational stress. In the multiway ANCOVA, 
work ability was positively associated with good sleep quality, younger age, lower 
BMI and university-level education, and negatively associated with occupational 
stress and disease burden (Table 17).  
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Table 17.  Factors associated with work ability in the multivariable model. WAS mean scores/slope 
together with 95% CI are based on model estimates. 

 
WAS mean 
score/slope 

95% Confidence 
interval 

F-value 
(DF) 

P-value 

Age -0.012 (-0.022, -0.0018) 5.34 (1) 0.021 
Gender   3.36 (1) 0.067 
  Female 7.83 7.43–8.23   
  Male 7.56 7.09–8.04   
Education   4.74 (2) 0.0091 
  Vocational school 7.42 6.76–8.07   
  College-level 7.70 7.32–8.09   
  University-level 7.80 7.58–8.37   
Cohabiting   0.04 (1) 0.85 
  Yes 7.69 7.27–8.10   
  No 7.71 7.26–8.18   
Body mass index -0.023 (-0.042, -0.0041) 5.71 (1) 0.017 
Disease burden*   12.23 (1) 0.0005 
  Yes 7.52 7.11–7.95   
  No 7.87 7.44–8.30   
Depression and/or anxiety †‡   1.73 (2) 0.17 
  No depression/ No anxiety 8.02 7.72–8.31   
  Only anxiety 7.67 7.07–8.27   
  Depression and anxiety 7.41 6.57–8.25   
Occupational stress #   29.80 (1) <0.0001 
  Yes 7.28 6.82–7.74   
  No 8.12 7.70–8.54   
3-shift work   3.75 (1) 0.053 
  Yes 7.84 7.36–8.33   
  No 7.55 7.16–7.95   
Self-reported sleep quality   14.44 (2) <0.0001 
  Very good 8.13 7.66–8.60   
  Good 7.68 7.25–8.10   
  Poor 7.29 6.86–7.72   

The impact of each variable on the outcome is displayed after adjusting for all other variables. * At 
least one chronic disease diagnosed by a physician, † Depression defined by Major Depression 
Inventory (MDI) diagnostic tool, ‡ Anxiety defined by General Anxiety Disorder 7-item Scale (GAD-
7), moderate or severe anxiety, # Defined by Bergen Burnout Indicator 15 (BBI-15), at least mild 
occupational stress. CI; Confidence Interval, DF; Degrees of freedom, WAS; Work Ability Score. 
Modified from Study II (Bergman et al. 2020) © 2020 The Authors. Published by the BMJ Publishing 
Group Ltd. Distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/BY-NC/4.0/).  
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5.4 Temporal Changes in Sleep in Relation to 
Temporal Changes in Quality of Life and Work 
Ability (Study III) 

The basic characteristics of the study population are presented in Table 10. In 
addition, the prevalence of obesity (BMI ≥30kg/m²) was 21.8% among the study 
cohort at baseline.  

Changes in self-reported sleep quality, sleep duration and sleep medication use, 
and changes in EUROHIS-QOL and WAS were studied over a one-year period. At 
baseline, 72% of the participants had good or very good sleep quality, sleep duration 
was 7–8 hours/night in 70% of the participants, and 85% did not use sleep 
medications. Sleep quality and sleep medication use had remained unchanged in 
most of the participants at the follow-up visit, but changes in sleep duration were 
more common. EUROHIS-QOL and WAS mean scores had improved during the 
follow-up (Table 18). The results in the groups of ‘no change’ in all the three sleep 
parameters were already on a favourable level at baseline: In the group with no 
change in sleep quality, the reported level of sleep quality was good or very good in 
81% of the participants. In the group of no change in sleep duration, 72% of the 
participants slept 7–8 hours/night, and in the group of no change in sleep medication 
use, only 7% of the participants had used sleep medications during the past month 
(data not shown). 

Table 18.  Change in sleep quality, sleep duration and sleep medication, as well as EUROHIS-
QOL and WAS mean scores between the years 2014 and 2015. 

 Change between 2014 and 
2015 

Sleep quality change n, (%)  
 Worse 87 (13.8) 
 No change 404 (64.1) 
 Improved 139 (22.1) 

Sleep duration change n, (%)  
 Decreased 196 (30.8) 
 No change 248 (38.9) 
 Increased 193 (30.3) 

Sleep medication use change n, (%)  
 Increased 40 (6.4) 
 No change 543 (86.2) 
 Decreased 47 (7.5) 

EUROHIS-QOL mean score change (95% CI) 0.14 (0.11–0.17) 
WAS mean score change (95% CI) 0.20 (0.11–0.29) 

CI; Confidence Interval, EUROHIS-QOL; EUROHIS-QOL 8-item index, WAS; Work Ability Score. 
Modified from Study III (Bergman et al. 2022) © 2022 The Authors. Published by John Wiley & Sons 
Ltd. Distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/BY/4.0/).  
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5.4.1 Sleep and EUROHIS-QOL Change 
Changes in self-reported sleep quality, sleep duration and sleep medication use were 
associated with changes in EUROHIS-QOL scores in multivariable models adjusted 
for age, gender, BMI, educational level, disease burden and EUROHIS-QOL level 
at the first measurement point (Table 19). In pairwise comparisons, improved and 
unchanged sleep quality compared to worse sleep quality were associated with a 
preferable change in EUROHIS-QOL. Additional exploratory analyses (data not 
shown) showed that good results in the group of unchanged sleep quality are based 
on the results of the participants, whose sleep quality was continuously good or very 
good. No change in sleep duration compared to a decrease, and no change in sleep 
medication use compared to increased use were also associated with favourable 
changes in EUROHIS-QOL (Table 19).  

Disease burden was a significant predictor of QoL change in every model, but 
no other background variable was significantly associated with the outcome in any 
of the models.  
 



 

Table 19.  Changes in EUROHIS-QOL 8-item index according to changes in sleep parameters. 

Quality of life (EUROHIS-QOL 8-item index) 
 Mean change adjusted 

estimate (95% CI) 
F value 

(DF) 
P-value Group comparisons 

 Mean difference adjusted 
estimate (95%CI) 

P-value 

Sleep quality  9.9 (2) <0.0001    
 Worse -0.05 (-0.15 to 0.05)   Worse vs. No change  

Worse vs. Improved 
No change vs. Improved 

-0.15 (-0.25 to -0.06) 0.0005 
 No change 0.10 (0.03 to 0.18)   -0.21 (-0.32 to -0.10) <0.0001 
 Improved 0.16 (0.07 to 0.24)   -0.06 (-0.14 to -0.03) 0.25 
Sleep duration  3.5 (2) 0.031    
 Decreased 0.05 (-0.03 to 0.13)   Decrease vs. No change  

Decrease vs. Increase  
No change vs. Increase 

-0.08 (-0.16 to -0.00) 0.042 
 No change 0.13 (0.05 to 0.21)   -0.08 (-0.16 to 0.01) 0.075 
 Increased 0.13 (0.05 to 0.21)   0.00 (-0.07 to 0.08) 0.99 
Sleep medication use  4.9 (2) 0.0076    
 Increased -0.06 (-0.19 to 0.07)   Increase vs. No change  

Increase vs. Decrease  
No change vs. Decrease  

-0.17 (-0.31 to -0.04) 0.0073 
 No change 0.12 (0.04 to 0.19)   -0.12 (-0.29 to 0.06) 0.27 
 Decreased 0.06 (-0.07 to 0.18)   0.06 (-0.07 to 0.18) 0.52 

Adjusted mean changes with 95% confidence intervals (CI) in EUROHIS-QOL years 2014–2015 according to changes in sleep parameters. Adjusted 
mean change values, F-values, degrees of freedom (DF) and p-values are from three different models for multiway analysis of covariance to explain 
factors affecting the change in quality of life. Change in sleep quality, sleep duration and sleep medication use were all entered in different models with 
EUROHIS-QOL change. All models were adjusted for age, gender, body mass index, educational level, disease burden, and EUROHIS-QOL level at 
baseline. Group comparisons between different classes of sleep parameters are also presented. Mean differences in EUROHIS-QOL between groups 
are presented with 95% CI. P-values and 95% CI for group comparisons are adjusted with Tukey’s method. CI, Confidence interval; DF, Degrees of 
freedom; EUROHIS-QOL, EUROHIS-QOL 8-item index. Modified from Study III (Bergman et al. 2022) © 2022 The Authors. Published by John Wiley & 
Sons Ltd. Distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/BY/4.0/).  
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Table 20.  Changes in Work Ability Score (WAS) according to changes in sleep parameters. 

Work ability (work ability score, WAS) 
 Mean change adjusted 

estimate (95% CI) 
F value 

(DF) 
P-value Group comparisons 

 Mean difference adjusted 
estimate (95%CI) 

P-value 

Sleep quality  3.8 (2) 0.022    
 Worse -0.20 (-0.51 to 0.10)   Worse vs. No change  

Worse vs. Improved 
No change vs. Improved 

-0.25 (-0.54 to 0.04) 0.11 
 No change 0.05 (-0.18 to 0.28)   -0.41 (-0.76 to -0.06) 0.016 
 Improved 0.21 (-0.06 to 0.47)   -0.16 (-0.41 to 0.09) 0.28 
Sleep duration  1.7 (2) 0.19    
 Decreased 0.01 (-0.23 to 0.26)   Decrease vs. No change  

Decrease vs. Increase  
No change vs. Increase 

-0.01 (-0.25 to 0.22) 0.99 
 No change 0.03 (-0.21 to 0.27)   -0.17 (-0.42 to 0.07) 0.24 
 Increased 0.19 (-0.06 to 0.43)   -0.16 (-0.40 to 0.08) 0.26 
Sleep medication use  4.8 (2) 0.0082    
 Increased -0.44 (-0.83 to -0.052)   Increase vs. No change  

Increase vs. Decrease  
No change vs. Decrease  

-0.54 (-0.94 to -0.13) 0.0055 
 No change 0.10 (-0.12 to 0.31)   -0.48 (-1.01 to 0.05) 0.084 
 Decreased 0.04 (-0.34 to 0.42)   0.06 (-0.32 to 0.43) 0.94 

Adjusted mean changes with 95% confidence intervals (CI) in WAS years 2014–2015 according to changes in sleep parameters. Adjusted mean change 
values, F-values, degrees of freedom (DF) and p-values are from three different models for multiway analysis of covariance to explain factors affecting 
the change in work ability. Change in sleep quality, sleep duration and sleep medication use were all entered in different models with WAS change. All 
models were adjusted for age, gender, body mass index, educational level, disease burden, and WAS level at baseline. Group comparisons between 
different classes of sleep parameters are also presented. Mean differences in WAS between groups are presented with 95% CI. P-values and 95% CI 
for group comparisons are adjusted with Tukey’s method. CI, Confidence interval; DF, Degrees of freedom; WAS, Work Ability Score. Modified from 
Study III (Bergman et al. 2022) © 2022 The Authors. Published by John Wiley & Sons Ltd. Distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/BY/4.0/).  
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5.4.2 Sleep and WAS Change 
Changes in sleep quality and sleep medication use were associated with changes in 
WAS in multivariable adjusted models. Increased use of sleep medication was 
associated with a decline in WAS. In pairwise comparisons, the difference in WAS 
change was significant when the group of increased use was compared to the group 
of no change in sleep medication use. The change in WAS also differed significantly 
between improved and worsened sleep quality. The change in WAS per se was not 
significant in any of the groups of sleep quality during the follow-up period (Table 
20). 

Disease burden was a significant predictor of the WAS change in every model, 
but no other background variable was significantly associated with the outcome in any 
of the models.  

5.5 Healthy and Unhealthy Food Consumption and 
Quality of Life (Study IV) 

Some basic characteristics of the study population are presented in Table 10. The 
characteristics of the participants were examined according to the quartiles of the 
consumption frequency of healthy food items. The participants with a higher 
consumption frequency of healthy food items tended to be younger and more often 
cohabiting. Their physical activity level was higher, they smoked more rarely, and ate 
regular breakfast more often than those with a lower consumption rate of healthy food 
items. They also had less symptoms of depression or anxiety. Blood fasting glucose 
level was significantly lower in those with a higher consumption rate of healthy foods, 
but no significant differences were detected in association with BMI, blood lipid 
levels, number of chronic diseases or harmful alcohol use (Table 21). The mean daily 
consumption frequency of food items from various healthy and unhealthy food groups 
among the participants is presented in Figure 2. The sum of the daily consumption 
frequencies in healthy foods varied between 2 and 30, and in unhealthy foods between 
0.1 and 14.  
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Table 21.  Characteristics of the participants of Study IV according to the quartiles of the 
consumption frequencies of healthy foods. 

Characteristic Healthy foods consumed per day 
 

P-value 
(linearity) 

 I 
(<7.5) 
n=126 

II 
(7.5-10.4) 

n=189 

III 
(10.5-14.7) 

n=189 

IV 
(>14.7) 
n=126 

 

Age, years, mean (SD) 48 (10) 47 (9) 49 (10) 52 (9) 0.002 
Education years, mean 
(SD) 13.7(2.7) 14.1(2.6) 14.0 (2.8) 14.1 (2.7) 0.52 

Cohabiting, n (%) 94 (75) 149 (79) 156 (83) 106 (84) 0.036 
PA, hours per week, mean 
(SD) 2.0 (3.5) 2.5 (2.2) 2.8 (3.2) 2.9 (2.2) 0.004 

Good quality of sleep, n 
(%) 87 (69) 157 (83) 139 (74) 96 (76) 0.68 

Regular breakfast, n (%) 98 (78) 173 (92) 176 (93) 115 (91) <0.001 
Audit-C, mean (SD) 3.0 (1.6) 2.7 (1.6) 2.7 (1.7) 2.7 (1.5) 0.11 
Current smoking, n (%) 19 (15) 15 (8) 10 (5) 8 (7) 0.008 
Blood pressure, mmHg, 
mean (SD) 

     

  Systolic 129 (16) 130 (17) 132 (18) 133 (18) 0.029 
  Diastolic 85 (9) 84 (11) 85 (10) 84 (11) 0.95 

Body mass index, kg/m2, 
mean (SD) 26.9 (5.3) 27.2 (5.2) 26.6 (4.6) 26.2 (4.3) 0.11 

Total cholesterol, mmol/l, 
mean (SD) 5.40 (0.99) 5.22 (0.85) 5.16 (0.94) 5.36 (0.88) 0.58 

LDL cholesterol, mmol/l, 
mean (SD) 3.11 (0.78) 2.98 (0.71) 2.89 (0.77) 3.03 (0.69) 0.24 

HDL cholesterol, mmol/l, 
mean (SD) 1.76 (0.42) 1.76 (0.43) 1.80 (0.45) 1.84 (0.48) 0.11 

Triglycerides, mmol/l, 
mean (SD) 1.20 (0.57) 1.09 (0.57) 1.06 (0.56) 1.08 (0.59) 0.12 

Fasting glucose, mmol/l, 
mean (SD) 5.60 (0.56) 5.45 (0.46) 5.51 (0.64) 5.43 (0.50) 0.041 

Anxiety, GAD-7, mean (SD) 3.4 (3.3) 2.7 (3.2) 3.3 (3.7) 2.1 (2.7) 0.018 
Major depression 
inventory (MDI), mean (SD) 6.5 (6.3) 4.2 (4.9) 6.1 (6.7) 3.7 (4.1) 0.013 

Number of chronic 
diseases, mean (SD) 1.2 (1.3) 0.9 (1.0) 1.4 (1.4) 1.2 (1.2) 0.13 

EUROHIS-QOL mean 
score, mean (SD) 3.95 (0.57) 4.13 (0.46) 4.01 (0.53) 4.19 (0.47) 0.010 

AUDIT-C; The 3-item Alcohol Use Disorders Identification Test, GAD7; General Anxiety Disorder 7-
item Scale, EUROHIS-QOL; EUROHIS QOL 8-item Index, HDL; High density lipoprotein, LDL; Low 
density lipoprotein, PA; Physical activity, SD; Standard deviation. From Study IV (Bergman et al. 
2022) © 2022 The Authors. Published by MDBI. Distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/BY/4.0/).  
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Figure 2.  Mean daily consumption frequency for different groups of healthy and unhealthy food 

items. Whiskers show standard errors. From Study IV (Bergman et al. 2022) © 2022 The 
Authors. Published by MDBI. Distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/BY/4.0/).  

The EUROHIS-QOL mean score was positively associated with the consumption 
frequency of healthy food items (Table 21). The association remained significant 
when adjusted for age, BMI, education years and disease burden, smoking, and 
physical activity (p for linearity = 0.016). Figure 3 displays the EUROHIS-QOL mean 
score (continuous variable) as a function of rank-based normal scores of the 
consumption frequencies of healthy and unhealthy foods. A significant positive 
association was seen between the EUROHIS-QOL mean score and the consumption 
frequency of healthy foods (p=0.002), but the score was not associated with the 
consumption frequency of unhealthy foods.  
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Figure 3.  Relationships of EUROHIS-QOL 8-item Index mean score as the function of rank-based 

normal scores of the consumption frequencies of healthy and unhealthy food items. The 
curves were derived from 4-knot restricted cubic splines regression models. The models 
were adjusted for age, body mass index, education years, number of chronic diseases, 
smoking, and physical activity. Gray areas represent 95% confidence intervals. From 
Study IV (Bergman et al. 2022) © 2022 The Authors. Published by MDBI. Distributed 
under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/BY/4.0/).  

The effect of the consumption of healthy and unhealthy foods on different 
dimensions of QoL is presented in Figure 4. The consumption of healthy foods had a 
small positive effect on physical health, psychological well-being, and environmental 
aspects of QoL. It had no effect on the domain of social relationships. The 
consumption of unhealthy foods had no significant effect on any dimension of QoL. 
The differences between the effects of healthy and unhealthy food consumption were 
significant between all other dimensions of QoL except psychological well-being. 
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Figure 4.  Relationships between consumption of (healthy and unhealthy) food items and different 

dimensions of quality of life (QoL). P-values are for the difference between the effect of 
healthy and unhealthy foods consumption. The models were adjusted for age, body mass 
index, education years, number of chronic diseases, smoking, and physical activity. 
Whiskers represent 95% confidence intervals. From Study IV (Bergman et al. 2022) © 
2022 The Authors. Published by MDBI. Distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/BY/4.0/).  
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6 Discussion 

The main findings of this study were that good sleep quality, ideal CV health and 
frequent use of healthy food items were associated with better QoL among public 
sector employees. On the other hand, occupational stress, higher BMI, depression 
and/or anxiety, and presence of chronic illnesses were associated with poorer QoL. 
The most important factor associated with good work ability was good sleep quality, 
whereas occupational stress, presence of chronic illnesses and higher BMI were 
associated with worse work ability. In addition, changes in sleep quality, sleep 
duration and sleep medication use were associated with changes in QoL and work 
ability in a one-year follow-up. An improvement in sleep quality was especially 
associated with a positive change in QoL, and increased use of sleep medication was 
associated with a decline in work ability. Throughout the thesis, good sleep quality 
especially was found essential for good QoL and work ability of the employees.  

6.1 Methodological Evaluation 

6.1.1 Study Population and Generalisability 
The study population for this thesis study was from the PORTAAT (PORi to Aid 
Against Threats) study. PORTAAT was a longitudinal study about risk factors and 
protective factors for CV health and mental health on working age employees. The 
study was conducted among the employees of the city of Pori in the years 2014 and 
2015. The participants in the baseline visit in 2014 form the study population of Study 
I of this thesis, and the study population of Study II is the people who participated in 
the follow-up visit in 2015. In Study IV, the female respondents of the follow-up visit 
are studied, and in the prospective follow-up Study III, the study population is formed 
from the participants who entered the study visits in 2014 and 2015, and from whom 
I had all the necessary information to perform the analyses.  

At baseline, there were no exclusion criteria, but the participating work units were 
selected by the chief of the welfare unit of Pori. The main selection criterion was that 
the work unit had not participated in any health-promoting program in the past few 
years. The aim was to get around 1,000 participants, who would represent different 
occupational and socio-economic groups. No power analysis was made in this 
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epidemiological study. There were altogether 836 employees (104 males, 732 
females) who chose to participate in the study at baseline, and the response rate was 
32.5%. The participants were from a wide range of occupations, including librarians, 
museum employees, janitors, information technology workers, social workers, nurses, 
physicians, administrative officials, and general office staff.  

The response rate in the PORTAAT study was unfortunately fairly low, and it is 
therefore possible that the representativeness of the study sample is compromised. 
Some typical determinants for non-participation in health surveys, unemployment and 
living on social welfare (Karvanen et al., 2016), were excluded because of the nature 
of the study cohort. There are, however, also other typical differences between the 
participants and non-participants in health surveys. The non-participants typically 
have lower education, poorer physical and mental health, use more alcohol and smoke 
more often compared to the participants (Karvanen et al., 2016). It is possible that the 
healthiest part of the workforce is the most willing to attend voluntary health surveys, 
which may have resulted in the possibility that the findings in the present study reflect 
the situation in the mainly healthy section of the workforce, and subsequently, reduce 
the generalisability of the results.  

To examine the possible selection bias, several basic characteristics were compared 
between the study participants and the personnel of the city of Pori as well as with 
Finnish public sector employees and the general population. Age, gender distribution, 
and sickness absence days of the participants were compared to the figures from the 
employees working at the work units that were invited to the study. The gender 
distribution was also compared to Finnish public sector employees, and prevalence of 
smoking, obesity and depression to the Finnish general population (see Chapter 5.1). 
Only the prevalence of depression was unexpectedly low among the study participants. 
The prevalence of depression in the active workforce is assumed to be lower than in the 
general population, since the individuals on a long-term sick-leave and disability 
pension, as well as the unemployed, are excluded. Nevertheless, it is still possible that 
depressive symptoms have prevented some of the employees from participating in the 
study. As a conclusion, despite the low response rate, I would say that the initial 
participants in the PORTAAT study represent the employees of the city of Pori quite 
well, and generalisability to the Finnish public sector employees is also relatively good.  

All the initial respondents were invited to the follow-up visit, and 85% of them 
attended. All the 710 participants who attended the follow-up visit were included in the 
study population of Study II. The gender distribution had remained unchanged 
compared to baseline, and the proportions of different levels of vocational education 
were also similar at both visits (Table 10). Smoking and harmful drinking were more 
seldom at the follow-up visit. This was, however, mainly due to a significant 
improvement in both factors among the study participants during the follow-up, 
although smoking and harmful drinking were also somewhat more frequent among the 
dropouts than among all the study participants at baseline. The possible explanation for 
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the significant improvement in these two health habits is that the participants were given 
personal recommendations for a healthy lifestyle by the study nurse at the baseline visit. 
There is convincing evidence about the effectiveness of a minimal intervention in 
harmful alcohol use (O’Donnell et al., 2014). Heavy drinking was also very rare in the 
study population, and most of the participants fulfilling the definition of harmful alcohol 
use at baseline had the lowest possible scores still counted as harmful. It is likely that 
these participants have been able to decrease their alcohol use according to advice they 
were given. In addition, the phenomenon of regression toward the mean is known to 
happen in repeated measurements, meaning that extreme outcomes tend to be followed 
by more moderate ones in the subsequent measurements (Galton, 1886).  

There is evidence that minimal intervention improves the success also in smoking 
cessation (Stead et al., 2013), and the proportion of smokers has decreased at 
population level in Finland during the 21st century (Helldán & Helakorpi, 2015). 
These two factors may have contributed to a smaller proportion of participants 
smoking at follow-up.  

For the prospective follow-up Study III, 637 participants were included in the 
study population. There were 126 participants who were excluded from this study 
because they did not attend the follow-up visit and an additional 73 participants who 
were excluded due to missing information or pregnancy. The pregnant participants 
were excluded because pregnancy may have significant, but transient, effects on 
several factors studied here. Work ability (Pedersen et al., 2021) and sleep (Pien & 
Schwab, 2004; Sweet et al., 2020) in particular may be altered significantly, but 
transiently in pregnancy. The participants excluded from the analyses did not vary 
significantly from the study cohort in most of the studied factors, and this study 
population can be regarded as a representative sample of the employees.  

In Study IV, all the 631 female participants who attended the follow-up visit were 
included in the study population. Nutritional behaviours are known to vary between 
genders (Grzymisławska et al., 2020), and since there were relatively few male 
participants, they were excluded from this study. In all the other studies men were 
included, since the results varied very little between genders. However, I am not able 
to make any conclusions about the results in male subjects particularly, since they 
were so few among the participants.  

6.1.2 Evaluation of Measures 

Evaluation of Measures for Quality of Life, Work Ability, Psychological 
Symptoms and Sleep 

QoL of the participants was assessed using the EUROHIS-QOL 8-item index (Power, 
2003), which is a well-validated instrument for the assessment of general QoL (Da 
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Rocha et al., 2012; Power, 2003; Schmidt et al., 2006). Although it is not very often 
used in medical research, it has some advantages and was chosen as the most suitable 
tool for this study. Since the study population consists of apparently healthy 
individuals from the active workforce, a tool measuring general QoL was preferred 
over a HRQoL tool. The questionnaire in the PORTAAT study was relatively long, 
and the tools chosen should be as short as possible, yet comprehensive enough. The 
other possible measurement tool for general QoL, the WHOQOL-BREF, is quite long 
and relatively scarcely used in Finland, especially among working-age individuals. 
EUROHIS-QOL has been used in national heath surveys to assess QoL in Finland 
(Koponen et al., 2018; Koskinen et al., 2012), and there are Finnish national reference 
values for the tool. It is also one of the tools recommended by the THL for the 
assessment and follow-up of QoL in Finland (Finnish Institute for Health and Welfare 
(THL), n.d.). 

 Work ability was assessed with the WAS, which is the first item of the widely 
used and well-validated WAI (Ilmarinen, 2007). The WAS has been shown to have a 
strong association with the WAI and is reliable in evaluating work ability (El Fassi et 
al., 2013). Psychological symptoms were assessed with validated instruments. 
Depressive symptoms were assessed with the MDI (Bech et al., 2001), and the 
diagnostic tool and cut-off values for the severity of depressive symptoms were used 
according to the recommendations of the developers of the instrument (Study II) 
(Bech et al., 2001, 2015). Anxiety was assessed with the validated GAD-7, and the 
severity of anxiety was categorised according to the recommended cut-off values 
(Study II) (Spitzer et al., 2006). Occupational stress was assessed with the BBI-15 
tool, which has been developed primarily in Finland (Näätänen et al., 2003) and is a 
validated tool for assessing occupational stress and burnout (Näätänen et al., 2003; 
Salmela-Aro et al., 2011). 

Sleep quality, sleep duration and sleep medication use were assessed with three 
individual self-reported questions, which are all items on the well-validated PSQI 
(Buysse et al., 1989). These three items have also previously been used as a simple 
measurement of sleep (Tang et al., 2017). The individual item on subjective sleep 
quality, ‘During the past month, how would you rate your sleep quality overall?’ has 
been found to correlate well with the global score of the questionnaire (Buysse et al., 
1989). Of note, the PSQI also contains items regarding sleep quantity, especially the 
question of self-reported sleep duration, where reporting of shorter sleep leads to 
worse results on the global score. From this point of view, assessing sleep quality with 
a single self-rated question may be less confounded by sleep duration than the PSQI 
global score (Matsui et al., 2021).  

Sleep duration was assessed with the question ‘During the past month, how many 
hours of sleep did you normally get at night?’ According to current understanding, 
simple self-reported sleep duration should not be considered a validated or reliable 
measure of biological sleep duration (Bianchi et al., 2017). Self-reported sleep 
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duration is known to differ from objective measurement (Silva et al., 2007). However, 
objective measurement of sleep would need polysomnography measurements or 
accelerometers (actigraphs) for every participant, which is both difficult and 
expensive in large epidemiological studies. Therefore, the most common way of 
assessing sleep duration in epidemiological studies has been by self-report of typical 
sleep duration. In a meta-analysis of short sleep duration and health outcomes, most 
of the included studies had assessed sleep duration with self-reported tools. The self-
reported data were even preferred over objective measurements in the meta-analysis, 
because of better applicability in general community settings (Itani et al., 2017). 

The use of sleep medication was assessed with the question ‘During the past 
month, how often have you taken medicine (prescribed or ‘over the counter’) to help 
you sleep?’. Because this is the only item on the PSQI assessing the use of sleep 
medication, it can be regarded as a well-tested tool for the purpose. The items on the 
PSQI were derived from previous sleep quality questionnaires and clinical experience 
with sleep disorder patients, and field-tested during the development of the 
questionnaire. The PSQI also has a high internal consistency (Cronbach’s alpha 0.83) 
(Buysse et al., 1989). In addition, self-reporting is the only possible way in large 
studies to assess the use of both prescribed and over-the-counter medicines that are 
consumed occasionally when needed.  

There are some similarities between the measurement tools for depression, 
anxiety, occupational stress, sleep and QoL. There is one question about sleep in the 
MDI, because sleep problems are part of the diagnostic criteria of depression. There 
is also one question about restlessness in the GAD-7 that resembles a question in the 
MDI. Depression and anxiety are medical conditions that are very close to each other, 
and some of the symptoms overlap. The BBI-15 has three questions that are close to 
questions of the MDI, and one of them is a sleep question. There is also one question 
in the BBI-15 that is quite close to a question in the GAD-7. The symptoms of 
occupational stress also partly overlap with depression and anxiety. Although work 
stress is not a medical diagnosis, it can lead to clinical depression if not handled 
properly. All these associations are due to well-known similarities in diagnostic 
criteria and/or definitions of the concepts of depression, anxiety and occupational 
stress. In the present study these factors were handled as explanatory variables in 
multivariable models. In Study II they were all added in the same models explaining 
possible associations with QoL and work ability and were thus adjusted for each other. 

There are also some similarities between these tools and the EUROHIS-QOL. The 
MDI has a question about energy that closely resembles a question in the EUROHIS-
QOL, and also a question about self-esteem, which is fairly close to the question about 
oneself in the EUROHIS-QOL. However, the EUROHIS-QOL is designed to 
distinguish between depressed and non-depressed populations (Power, 2003), which 
makes this similarity understandable. In the BBI-15 there are also two questions about 
social relationships that are quite close to one question in the EUROHIS-QOL.    
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Evaluation of Measures for Health Habits and Health Metrics 

Information about smoking, alcohol consumption, physical activity and diet were 
collected by self-administered questionnaires. The results in questionnaires 
concerning health habits can be affected by reporting bias, since people are often 
willing to report what they think will be more acceptable answers to questions 
concerning these factors. However, the use of self-reported information is often the 
only possible way of assessing health habits, and validated questionnaires were used 
whenever possible. The well-validated AUDIT-C was used for the assessment of 
harmful alcohol consumption (Bush et al., 1998), and the cut-off values used in my 
study for men and women were found optimal for the Finnish population and drinking 
habits (Aalto et al., 2006; Tuunanen et al., 2007).  

Smoking status was assessed by asking the participants to choose from three 
options: whether they were current smokers, had never smoked or had stopped 
smoking. With the third option, the time of smoking cessation was asked. The variable 
was used in the analyses dichotomised into non-smoking/current smoking, and the ex-
smokers were categorised into non-smokers only if they had stopped smoking >12 
months ago. This unambiguous categorization might not be as easily influenced by a 
reporting bias as would be for example the reporting of the number of cigarettes 
smoked per day. It has also been shown that the validity of self-reported smoking is 
high among the Finnish general population (Vartiainen et al., 2002).  

The physical activity questionnaire was designed for self-reporting the type, 
intensity, frequency, and duration of all physical activity during a typical week, and 
the duration of moderate and vigorous aerobic type activity was used in the analyses 
as an indicator of health-promoting physical activity. These items were chosen 
because they were comparable with the recommendations for physical activity in the 
American Heart Association’s ideal CV health concept (Lloyd-Jones et al., 2010). 

The 16-item FFQ questionnaire used at baseline was constructed for the 
PORTAAT Study based on diet questionnaires used in former Finnish population 
surveys. The 45-item PORTAAT FFQ used at follow-up was based on the version 
developed for and validated to study children’s diets (Korkalo et al., 2019), with 
specific attention paid to capture the consumption patterns of vegetables and fruit as 
well as sugary foods and beverages. A shortened, 25-item version of the FFQ has been 
tested for reproducibility with mostly moderate or good intraclass correlation 
coefficients (Määttä et al., 2018). The items in the main categories of the PORTAAT 
FFQ were categorised into healthy and unhealthy foods based on the Nordic Nutrition 
Recommendations (Nordic Nutrition Recommendations 2012; Integrating Nutrition 
and Physical Activity, 2014) for healthy and balanced diets and on previous scientific 
understanding about the association between diet and cognitive health (Nilsson et al., 
2013; Wade et al., 2020). Since data on energy intake were not available, the statistical 
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analysis was adjusted for physical activity to include the effects of energy intake in 
the model.  

Information concerning previous medical history (diseases diagnosed by a 
physician) and medication used regularly was gathered using self-administered 
questionnaires and from the medical records. Adding medical records improves the 
accuracy of the data compared to information collected solely by self-administered 
questionnaires. The clinical measurements (height, weight and blood pressure 
measurements) were performed by trained medical staff, which is clearly a more 
accurate method than self-report (Maukonen et al., 2018). The methods for blood 
pressure monitoring and BMI calculation are well standardised. The laboratory 
analyses were all performed in a single laboratory, and the methods for detecting 
plasma glucose, total cholesterol, HDL-C, LDL-C and HbA1c are standardised.  

In Study I, the American Heart Association’s ideal CV health metrics were used 
to determine the CV health of the participants. The cut-off values used for defining 
the ideal levels of the metrics were the ones recommended by the American Heart 
Association (Lloyd-Jones et al., 2010), but I used a modified version of the 
classification, in which blood pressure, total cholesterol and glucose tolerance treated 
to goal were also regarded as ideal. In the original definition, only untreated values 
are regarded as ideal, but according to the European Guidelines on CV disease 
prevention (Piepoli et al., 2016), the medications for hypertension, elevated 
cholesterol and blood glucose levels can be considered as primary prevention for CV 
disease in non-complicated cases. I also used HbA1c instead of fasting plasma glucose 
to determine normoglycemia, because HbA1c can give an indication of glycemia over 
several preceding weeks rather than at a single time point (Selvin et al., 2007). In 
addition, the diet score used in the present study was modified from the original 
American Heart Association definition. I did not have all the information to determine 
the diet exactly according to the original definition, and some modifications were also 
reasonable because the dietary habits in Finland differ from those in the US. It has 
also been common in other studies about the ideal CV health concept that the diet 
metric especially has been modified according to local cuisine or the information 
available (Odom et al., 2016; Wu et al., 2021).  

6.2 Results in Relation to Earlier Research 
I will now discuss the main results of my thesis in relation to relevant previous 
research. Many of the previous works about the association of QoL with factors I have 
also studied in my thesis have been made with measurement tools for HRQoL. 
Although the convergent validity between HRQoL and general QoL tools has not been 
shown to be very good (Castro et al., 2014; Huang et al., 2006), results about the 
associations of many factors with HRQoL and general QoL have been comparable. 
For example, the association of QoL with BMI (Kroes et al., 2016; Vesikansa et al., 
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2022), diet (Lee et al., 2019; Vajdi & Farhangi, 2020), sleep quality (Marques et al., 
2017; Matsui et al., 2021) and occupational burnout (Khatatbeh et al., 2022) have been 
shown to be quite similar, regardless of the outcome measure used. Additionally, both 
the HRQoL and the general QoL tools were originally designed so that the 
experienced decline in well-being caused by physical or mental illnesses leads to 
worse estimates of QoL (EuroQoL Group, 1990; Power, 2003; Ware & Sherbourne, 
1992; WHOQOL Group, 1998a, 1998b). 

The tools of general and health-related QoL are, however, designed to assess 
different aspects of well-being. Since my own study uses a general QoL measure, I 
have compared my results to previous works measuring general QoL whenever 
possible. In many cases the information has been, however, only available as 
measured with a HRQoL tool, and I have then needed to compare these results to my 
work.  

6.2.1 Quality of Life of the Study Participants 
QoL in my study population was on the same level as in the Finnish general 
population. The EURHOHIS-QOL mean score among the study participants at 
baseline was 3.9, while the reference values in Finland are 4.0 in men and 4.0–4.1 in 
women aged 30–65 years (Koskinen et al., 2012). To my knowledge, no other study 
among Finnish public sector employees has assessed QoL with a general QoL 
instrument. There is information about HRQoL of the municipal employees in the 
Helsinki Health Study, where QoL was assessed with the SF-36 mental and physical 
component scores (Lahelma et al., 2005, 2016). QoL of the employees was also in 
these studies on the average level according to the reference values provided by the 
SF-36 instrument (Ware et al., 1994). The study cohort of the Helsinki Health Study 
consists of almost 9,000 middle-aged (40–60 years at baseline) employees of the City 
of Helsinki, 80% of whom are women.  

6.2.2 Ideal Cardiovascular Health in Relation to Quality of 
Life  

The prevalence of having ideal CV health (5–7 ideal health metrics) was 25% among 
the study participants at baseline. This is a rather high proportion, since only 3% of 
men and 9% of women aged 30–74 reached the same level in a study among the 
Finnish general population (Peltonen et al., 2014). This difference can be caused 
partly because of the younger mean age of the PORTAAT study participants 
compared to the reference population. The main reason, however, may be in the 
methodological differences between these studies.  

The biggest differences in achievement of the metrics were found in the metrics 
of physical activity, smoking, diet and blood glucose. The definition of ideal physical 
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activity of Peltonen et al. (2014) was markedly more vigorous than the original 
American Heart Association metric I used in my study. They also defined the smoking 
metric as ideal only if the person had never smoked, whereas I used the original 
metric, where smoking cessation >12 months ago is also categorised as ideal. The diet 
metric of neither of the studies was exactly the one recommended by the American 
Heart Association, but the one used in my study may have been slightly easier to 
achieve. I also used HbA1c <42 mmol/mol to define ideal blood glucose metric 
instead of the fasting plasma glucose <5.6 mmol/l used by Peltonen et al. and the 
original metrics. In addition, in my study, blood glucose, blood pressure and total 
cholesterol levels were categorised as ideal if the goal levels were achieved either 
untreated or with primary preventive medication. Diabetes medication was used by 
4% of both female and male participants of my study, while 21% of females and 25% 
of males used antihypertensives. Cholesterol medications (statins) were used by 5% 
of females and 15% of males. Nevertheless, the proportion of participants achieving 
ideal levels of total cholesterol was very similar in my study compared to the study 
by Peltonen et al., and the proportion achieving ideal blood pressure was lower in my 
study. This may indicate that the metrics treated to goal with medication being 
categorised as ideal had less influence on the results than the other differences in the 
methodology. However, according to a systematic review, the prevalence of achieving 
5–7 ideal metrics has also varied greatly in other previous studies (cf. 5%–35% in US 
studies, and 9%–43% in studies conducted in China, Korea, India, Spain, Iran, 
Bosnia/Herzegovina and Ecuador) (Younus et al., 2016).  

The prevalence of ideal CV health has been found to decline with older age 
(Benjamin et al., 2018), and a similar trend was seen also in the present study. In 
previous literature, there is also a correlation between ideal CV health and gender, 
with women achieving more ideal health metrics than men (Benjamin et al., 2018). In 
my study, females achieved the metrics of ideal BMI, healthy diet, ideal blood 
pressure and blood glucose levels significantly better than males, but there was no 
significant difference in the achievement of the ideal, intermediate or poor CV health 
between the genders. This finding was most likely due to the low proportion of male 
participants in this study. There is also a previous finding that several social risk 
factors (low family income, low education level, minority race, and single-living 
status) have been related to lower achievement of the ideal metrics (Caleyachetty et 
al., 2015). In my study, all the participants were in the active workforce with a steady 
employment status, which already lines out many social risk factors. However, also 
in this study, the individuals with more favourable CV health tended to be cohabiting 
and better educated. They also had better sleep quality, which has also been associated 
with better CV health in previous literature (Kwok et al., 2018; Visseren et al., 2021). 

The participants with a more favourable CV health profile assessed their QoL as 
being significantly better than those who achieved a lower number of ideal health 
metrics. The difference of 0.32 units in EUROHIS-QOL mean scores between the 
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groups with ideal and poor CV health can be considered clinically significant 
according to previous literature (Da Rocha et al., 2012; Schmidt et al., 2006). The 
EUROHIS-QOL mean scores among depressed populations have been found to be 
0.39–0.61 units lower than in non-depressed populations (Da Rocha et al., 2012) and 
among chronically ill populations 0.26–0.40 units lower than in healthy populations 
(Schmidt et al., 2006). There are also a few previous studies, in which ideal CV health 
has been associated with better QoL. Cross-sectional studies from the US and China 
have reported a positive association between achievement of the ideal metrics and 
HRQoL, assessed with the EQ-5D-5L together with the EQ-VAS (Wu et al., 2021) 
and with the HRQoL4-instrument (Allen et al., 2015; Odom et al., 2016). 
Nevertheless, the current study is to my knowledge the first to report the association 
of ideal CV health with general QoL.  

The other factors with a significant association with QoL in the multivariable 
model in Study I were good sleep quality, absence of chronic illnesses, older age, 
university-level education and cohabiting. A very interesting finding was that sleep 
quality, assessed with a single self-reported question, had the most powerful impact 
on QoL in that model. The difference between the model-based EUROHIS-QOL 
mean scores between the participants with very poor and very good sleep quality was 
0.7 units. According to previous literature, there is a close relationship between sleep 
quality and QoL (Lallukka et al., 2018; LeBlanc et al., 2007; Mahirah et al., 2021; 
Marques et al., 2017; Matsui et al., 2021). However, it was slightly surprising that the 
association was also so strong among the present study population of active workforce 
with a very low prevalence of previously diagnosed depression (2.5%), a condition 
often found with sleep problems (Baglioni et al., 2011). This finding provoked my 
interest to study this subject further in forthcoming works.  

6.2.3 Evaluation of Factors Associated with Quality of Life 
and Work Ability 

Since the participants are all in the active workforce, self-reported work ability was 
chosen to be another outcome along with QoL in Study II. I wanted to examine as 
widely as possible the factors that could be associating with these two outcomes, and 
I was also interested to find out more about the factors associated with sleep quality.  

In this study, self-reported sleep quality was negatively associated with the 
presence of chronic diseases, the prevalence of depression and severity of depressive 
symptoms, anxiety and work stress, and positively associated with QoL and work 
ability. These findings are similar compared to those in previous literature, in which 
depression (Baglioni et al., 2011; Tsuno et al., 2005), anxiety (Baglioni et al., 2010) 
and other chronic illnesses (Anothaisintawee et al., 2016; Kwok et al., 2018; Lo et al., 
2018), as well as occupational stress (Knudsen et al., 2007; X. Li et al., 2019), have 
been associated with poor sleep quality. Good QoL (Lallukka et al., 2018; LeBlanc et 
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al., 2007; Mahirah et al., 2021; Marques et al., 2017; Matsui et al., 2021) and good 
work ability (Ng & Chan, 2018) have been associated with good sleep quality.  

In a multivariable model, QoL was found to be positively associated with good 
sleep quality, university-level education and cohabiting, and negatively associated 
with occupational stress, higher BMI, depression and/or anxiety, and presence of 
chronic diseases. No significant association was found between age, gender or 3-shift 
work and QoL. The strongest associations with QoL were detected with occupational 
stress, BMI and sleep quality. The findings are consistent with previous literature. 
Occupational stress has been found to be associated with poorer QoL in several 
occupational groups (Khatatbeh et al., 2022; Lerner et al., 1994; Sarafis et al., 2016; 
Yang et al., 2009), and depression and anxiety are known to negatively affect QoL 
(Da Rocha et al., 2012; Palacin et al., 2004; Saarni et al., 2007). Higher BMI (Kroes 
et al., 2016; Vesikansa et al., 2022) and the presence of chronic illnesses (Schmidt et 
al., 2006) have been linked to poorer QoL, whereas higher education (Mielck et al., 
2012) and cohabiting (Michelson et al., 2000) have been associated with good 
HRQoL. The close relationship between sleep quality and QoL was again confirmed 
in this model with several potential confounding factors, including depression and 
anxiety. In previous literature, sleep quality and HRQoL have been shown to be 
closely related among the general population (Lallukka et al., 2018; Matsui et al., 
2021) as well as in the working population (Mahirah et al., 2021). It has been 
suggested that the association between QoL and sleep quality might be moderated by 
depression (Eryilmaz et al., 2005), but there is also evidence that the association is 
present regardless of psychopathological symptoms or chronic illnesses (Lallukka et 
al., 2018; Marques et al., 2017). In the present study, the association was confirmed 
in a model adjusted for depression and in a study cohort with a very low prevalence 
of depression.  

In an analogous multivariable model for work ability, the results were largely 
similar to the ones from the model for QoL. The strongest associations with work 
ability were found with occupational stress and sleep quality. Work ability was also 
positively associated with university-level education and negatively associated with 
the presence of chronic illnesses, higher BMI and higher age. No significant 
associations with work ability were found with gender, cohabiting, 
depression/anxiety, or 3-shift work. Most of these findings are also consistent with 
previous literature. Occupational stress has been found to be associated with poorer 
work ability (Yong et al., 2013), as well as being a risk factor for sick leave (Ahola et 
al., 2008) and disability pension (Ahola et al., 2009). Chronic illnesses (Jędryka-Góral 
et al., 2006; Shiri et al., 2013), higher BMI (Andersen et al., 2017; Bridger & Bennett, 
2011) and higher age (Bridger & Bennett, 2011; Pohjonen, 2001) are all known to 
negatively affect work ability, whereas higher education has been linked with better 
work ability (Martimo et al., 2007). Poor sleep quality has been associated with poorer 
work ability and elevated sickness absence rate (Lallukka et al., 2014; Lian et al., 
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2015). The finding that depression and/or anxiety was not associated with work ability 
in this study was slightly surprising, since it was significantly associated with poorer 
QoL, and depression is known to negatively affect work ability (Elinson et al., 2004; 
Shiri et al., 2013). One possible explanation for this is that the employees whose work 
ability has clearly declined due to depression may be on long-term sick leave or 
outside the workforce and not able to take part in the PORTAAT Study.  

An interesting finding in the present study was that occupational stress was the 
factor most strongly associated with both QoL and work ability, even though the level 
of stress was very low among the study population. Only one-tenth of the participants 
had at least mild occupational stress symptoms, and severe symptoms were very rare. 
This finding indicates that it might be beneficial to effectively handle job stress 
problems promptly at a very mild stage. Another important finding was the strong 
association of self-reported sleep quality with both QoL and work ability. These 
significant associations were in this study reported among active workforce 
participants, with a very low prevalence of depression and with only 11% of the 
participants working in three shifts. This finding strengthens the idea of sleep quality 
being independently associated with good QoL and work ability in an employed 
population (Mahirah et al., 2021; Ng & Chan, 2018).  

6.2.4 Sleep in Relation to Quality of Life and Work Ability 
The strong association of sleep issues with QoL and work ability found in the present 
study and also in previous literature (Lallukka et al., 2018; Lian et al., 2015; Matsui 
et al., 2021) was conducive to the idea of further examining these associations in a 
longitudinal study. The changes in sleep quality, sleep duration and sleep medication 
use were studied in association with changes in QoL and work ability during the one-
year follow up. Previous literature about the association of changes in sleep with QoL 
is scarce, but I found one previous work from the UK Household Longitudinal Survey 
(Tang et al., 2017). In that paper, Tang et al. showed that improvement in sleep 
quality, increase in sleep duration and decrease in sleep medication use were 
associated with better subsequent health and well-being, and the opposite changes in 
sleep parameters were associated with poorer results. The outcomes were measured 
with the SF-12 and the GHQ-12, but the possible effect of chronic illnesses was not 
controlled for in that study. Previous information about the association between 
changes in sleep and work ability is also scarce, but in a paper from the Helsinki 
Health Study, poor sleep and functioning as well as unfavourable changes in the above 
mentioned parameters were found to be associated with premature exit from work 
(Kronholm et al., 2021).   

In my study, the changes in sleep parameters and in the outcomes (EUROHIS-
QOL and WAS) were studied in six separate multivariable models. The models were 
adjusted for the same background variables used by Tang et al. (2017) and also for 
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chronic illnesses, which were found significantly associated with both QoL and work 
ability change in all six models. The change in EUROHIS-QOL was more favourable 
in the groups of improved and unchanged sleep quality compared to the group of 
worsened sleep quality, and the change in WAS also differed significantly between 
the groups of improved and worsened sleep quality. The findings with EUROHIS-
QOL were consistent with Tang et al. for improved and worsened sleep quality. In the 
present study, the favourable change in EUROHIS-QOL in the group of unchanged 
sleep quality was based on the good results of the participants, whose sleep quality 
had remained continuously good or very good. 

For sleep duration, the only significant difference was detected in the EUROHIS-
QOL change between decreased and unchanged sleep duration. In previous literature, 
especially short (J.-H. Kim et al., 2015; Lallukka et al., 2018; Liu et al., 2018; Magee 
et al., 2011; Matsui et al., 2020, 2021; Stranges et al., 2008) but also excessively long 
(J.-H. Kim et al., 2015; Liu et al., 2018; Magee et al., 2011) sleep duration has been 
associated with lower QoL, with the mid-range sleep duration being the most 
favourable. The good results in the group of unchanged sleep duration might be 
because the proportion of participants sleeping the recommended 7–8 hours/night 
(Hirshkowitz et al., 2015) was highest in that group at follow-up.  

For the use of sleep medications, the results were especially good in the group of 
unchanged use in both QoL and work ability change. In that group, the proportion of 
the participants using sleep medications was approximately 50% lower than in the 
whole study population, and their EUROHIS-QOL and WAS mean scores were 
higher at baseline as well as at follow-up, compared to the groups of increased or 
decreased use. The results in QoL and work ability change were especially poor in the 
group of increased use compared to unchanged use. In the group of increased use, a 
significant decline in work ability was also detected. No significant difference in 
either QoL or work ability change was detected between the groups of increased and 
decreased use. These results reflect that sleep problems that at some point have led to 
the use of sleep medications are associated with poorer development of QoL and work 
ability compared to the situation in which sleep medications have not been needed. 
According to previous literature about the associations between sleep medication use 
and HRQoL (Sasai et al., 2010; Walsh et al., 2007), it can be speculated that the 
association between increased use of sleep medications and unfavourable results in 
QoL and work ability are actually a sign of increased insomnia symptoms. In a 
Japanese study among a general population, patients who slept well with sleep 
medication had significantly better mental component scores of Short Form 8 than 
either insomniacs or insomniacs using sleep medication (Sasai et al., 2010). Treatment 
of primary insomnia with benzodiazepine for six months also improved the patients’ 
HRQoL and reduced work limitations in a placebo-controlled clinical trial in the US 
(Walsh et al., 2007). I think that increased need for sleep medication should be taken 
as a sign of problems in sleeping, and in such case the physician should look for 
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underlying causes of insomnia (e.g. depression) and maybe also offer some other 
treatment options for sleep problems, like Cognitive Behavioural Therapy for 
Insomnia (CBT-I) (van Straten et al., 2018). 

Changes in sleep quality were found to have the strongest association with 
changes in QoL, followed by changes in sleep medication use and sleep duration. 
Corresponding effects on health and well-being were also detected by Tang et al. 
(2017). However, I did not find significant differences between all the groups of 
declined and improved sleep parameters, as they did in their study. One of the 
explanations for this might be that their results were not controlled for chronic 
illnesses, which may have moderated some of the associations. In addition, a novel 
finding in my study was that changes in sleep medication use and sleep quality were 
associated with changes in work ability. 

6.2.5 Healthy and Unhealthy Diet and Quality of Life 
In Study IV, the consumption frequencies of healthy and unhealthy food items were 
examined in association with QoL in female employees. In previous literature, 
recommended dietary patterns have been associated with good health-related QoL and 
general QoL (Godos et al., 2019; Lee et al., 2019; Sanchez-Aguadero et al., 2016; 
Vajdi & Farhangi, 2020), and there is also evidence that an unhealthy ‘Western’ diet 
would be associated with poorer HRQoL (Vajdi & Farhangi, 2020). However, these 
associations have been detected with different diets, consisting of a mixture of healthy 
and unhealthy foods, and less has been known about the role of the consumption 
frequencies of healthy or unhealthy foods in association with QoL. A more frequent 
consumption of healthy food items was associated with better QoL in the present 
study. The association remained significant in the adjusted model and involved most 
dimensions of EUROHIS-QOL. However, the differences in the physical health 
metrics between the groups with different consumption frequencies of healthy foods 
were small, and the consumption frequency of unhealthy food items was not 
associated with QoL in this study.  

There is indisputable evidence that abundant use of unhealthy foods is associated 
with unfavourable health consequences (Gupta & Wood, 2019; Visseren et al., 2021), 
and it is possible that more differences in physical health metrics would have been 
detected in comparison with the consumption frequencies of unhealthy foods. There 
is also previous data that an unhealthy diet would be associated with poorer HRQoL 
(Vajdi & Farhangi, 2020). However, the results of my study suggest that the negative 
effects of an unhealthy diet on QoL could predominantly be due to lack of healthy 
dietary components.  

The healthiest way of eating would inevitably be following a recommended diet. 
The health benefits of eating according to the Mediterranean style diet or, for example, 
the Nordic Nutrition Recommendations (Nordic Nutrition Recommendations 2012; 
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Integrating Nutrition and Physical Activity, 2014) have been proven in several diet 
studies (Sofi et al., 2008; Tertsunen et al., 2020, 2021). The biggest problem in diet 
counselling is not the lack of knowledge or advice about healthy nutrition, but the 
patients’ nonadherence to the recommended diet (Kwan et al., 2013). It is known that 
the risk for non-adherence even increases if the behavioural recommendations are 
complex (Martin et al., 2005). Subjective well-being is thought to be a goal that is 
shared with most people. Therefore, health-promoting actions enhancing well-being 
might be the most easily accepted and adhered to. There is evidence that favourable 
health behaviours, including a healthy diet, predict subjective well-being, and positive 
changes in health behaviours have a similar effect (Stenlund et al., 2021a, 2022). Thus, 
the positive association found in the present study between QoL and frequent 
consumption of healthy foods might be used to motivate people to change their diet. 
The advice to increase the consumption of healthy foods on a rather short list would 
be quite simple and reasonably achievable. And, if that change in diet increased the 
patient’s experience of well-being, they might be more willing to proceed to other 
improvements as well.  

6.3 Strengths and Limitations 
This thesis has some clear strengths. A wide range of possible explanatory variables 
could be considered affecting QoL and work ability of the employees. A combination 
of clinical and self-reported data was used, and the clinical measurements were made 
by trained medical staff. The questionnaires were completed by the participants at 
home before the study visits, and validated questionnaires were used to evaluate QoL, 
depressive symptoms, anxiety, occupational stress, and food consumption. 
Information about chronic diseases was collected both with questionnaires and from 
medical records, which improves the accuracy of the data. QoL, sleep and work ability 
were assessed with subjective, self-reported tools, emphasising the person-centred 
approach to these factors. The changes in QoL, work ability and the sleep parameters 
were assessed by analysing repeated measurements rather than the participants’ 
perceptions of occurred change. The results of this thesis are controlled in terms of 
employment status, since all the participants were working in the public sector during 
the study.  

I also acknowledge some limitations. A major limitation of the study is that I am 
unable to determine any causality from the detected associations. The study designs 
are cross-sectional, and despite the longitudinal nature of one part, causality cannot 
be reported since changes in sleep parameters and outcomes have been measured 
concurrently. The stable employment status of an active workforce among all 
participants may have led to a possible healthy worker effect (C.-Y. Li & Sung, 1999), 
and the relatively low response rate of 32.5% in the study at baseline could have 
resulted in a biased study population. In addition, all the participants were employees 
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of one city in southwest of Finland. To test the possible bias, several comparisons 
were conducted between the study population and the personnel of the city of Pori as 
well as public sector employees and the general population in Finland. The 
comparisons and discussion about generalisability are presented in detail in chapters 
5.1 and 6.1.1. The study participants resembled the personnel of the city of Pori very 
well in terms of age, gender distribution and the rate of sickness absence days. The 
gender distribution with female predominance is typical of the whole Finnish public 
sector, but understandably, it prevents me from making any conclusions about the 
male participants. The prevalence of smoking and obesity among the study 
participants was close to the levels among the Finnish general population, but the 
prevalence of depression was lower in the study population. As a conclusion, the 
results of this study can be generalised into the personnel of the city of Pori quite well, 
and to some extent also to the Finnish public sector employees. However, some 
caution must be exercised when the results are compared to the Finnish general 
population.  

The assessment of sleep in this study was made with three individual self-reported 
items derived from the PSQI, and I did not have any objective measurement of sleep. 
This is a clear limitation in terms of sleep duration. Nevertheless, sleep quality can be 
assessed fairly reliably by self-report. Some of the assessment methods had been 
changed from baseline to follow-up, which prevented the longitudinal analysis of, for 
example, diet and psychological factors. Many of the studied factors also had to be 
dichotomised for the analyses, which may increase the probability of type I and type 
II errors.  

6.4 Clinical Implications and Future Directions 
The development of patient reported-outcome measures started in the early 1980s with 
the introduction of the first measurement tools for QoL, and self-rated health status is 
continuing (McKenna, 2011; OECD, 2017). Recently, the Finnish Institute for Health 
and Welfare reported that a general patient-reported outcome measure will be chosen 
for the national healthcare quality registers, to complement the data from clinical 
measurements (Finnish Institute for Health and Welfare (THL), 2021). I find it very 
important that patients’ experiences of the efficacy of the treatments and their impact 
on general well-being are understood as outcomes as important as, for example, the 
laboratory measurements.  

However, the importance of subjective well-being should be remembered not only 
when assessing patients with a particular illness or treatment but also in disease 
prevention. The results of this thesis offer new aspects for health promotion, especially 
for working-age patients in primary and occupational healthcare. I think that every 
person has an idea about how it feels to have good QoL and good work ability, and a 
decline in both of these factors is experienced negatively. Therefore, favourable health 
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behaviours might also be adopted more successfully if preserving health in older age 
is not the only incentive. Rather, well-being and good work ability here and now could 
also be used as motivational factors. The threat of heart disease might be somewhere 
far in the future, but the decline in QoL and work ability because of low physical 
activity, obesity, unfavourable diet or poor sleep may already be present. Therefore, 
knowledge about the positive association of favourable health habits with QoL and 
work ability could better encourage people to aim at the goals listed, for example, in 
the American Heart Association’s ideals. For healthcare professionals, it is also 
important to know what factors are most frequently associated with QoL and work 
ability among the target population, because screening and actions could then be 
aimed especially at these issues. 

The information about the positive connection between frequent use of healthy 
foods and QoL found in the present study could be used in motivating people to shift 
their diets towards healthier eating. The results suggest that the association of an 
unhealthy diet with poorer QoL, found in previous literature, might be predominantly 
caused by the lack of healthy food items in the diet. Therefore, starting to improve the 
diet by adding more healthy foods might be a useful approach. These findings could 
be used in giving simple and quick diet counselling, for example, at primary and 
occupational healthcare appointments.  

Information about the strong connection of sleep and even mild occupational 
stress with QoL and work ability could direct the healthcare professionals to pay 
attention to these issues at normal consultations and health check-ups. Sleep and 
occupational stress should be assessed routinely, and patients with sleep problems and 
even mild symptoms of occupational stress should be offered appropriate help. 
According to the findings of the present study, these actions would be beneficial both 
from a health-oriented and an economic point of view. Special attention should be 
paid to employees whose sleep medication use has increased, because it was 
associated with a clear decline in work ability in the present study. The increased need 
for sleep medications should be regarded as a sign of increased insomnia symptoms. 
Underlying causes should be investigated, and effective treatment offered to these 
patients. 

I suggest that processes for detecting and helping patients with poor sleep in 
primary healthcare should be developed. Poor sleep has previously been found to be 
a significant risk factor for obesity, type 2 diabetes, hypertension, CV disease and 
depression, which are all very common among patients in primary healthcare. 
Physicians and nurses are well-trained to screen for and handle many other important 
risk factors for these illnesses, and health habits such as diet, physical activity, 
smoking and alcohol consumption are asked about routinely at check-ups. Screening 
for sleep problems should be added to this list. There should also be an appropriate 
and cost-effective way to treat the problems found in the screening. The somatic and 
psychiatric illnesses found behind the sleep problems should, of course, be treated 
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according to current guidelines, but people with insomnia often need specialised help. 
One possible solution could be training sleep-oriented nurses for primary healthcare 
to support patients with sleep problems and to conduct basic CBT-I, the approach that 
has been found to be the most effective in treating insomnia.  

To confirm the results of the present study, it would be necessary to investigate 
the connections found here in different study designs and populations. Most of the 
associations in my thesis were detected in cross-sectional studies, and the causality of 
the associations should be examined in longitudinal studies. This could further 
strengthen the credibility of the findings. The present study showed that temporal 
changes in sleep parameters were related to concurrent changes in QoL and work 
ability. To my knowledge, previous information about the association between 
changes in sleep and work ability is very scarce, and replication of these results in the 
future is important. It would also be interesting to address a sleep quality intervention 
with the subjects reporting poor sleep quality and examine its effects on QoL and work 
ability. Finally, because all the connections in my thesis were detected in reasonably 
healthy public employees of one city in Finland, comparable studies would be 
important to conduct among a wider range of occupational sectors and among the 
general population.  



 102 

7 Conclusions 

The main conclusions in this thesis study among Finnish public sector employees 
are the following:  

1. Good sleep quality, ideal CV health, and frequent use of healthy foods as 
well as absence of occupational stress, depressive symptoms, anxiety, and 
chronic illnesses are associated with good QoL (Figure 5).  

2. Good sleep quality and absence of occupational stress and chronic 
illnesses are associated with good work ability. 

3. An improvement in sleep quality is associated with a positive change in 
QoL and work ability, and increased use of sleep medication is associated 
with a decline in work ability. Changes in sleep medication use and sleep 
duration are also associated with changes in QoL. 

The importance of self-reported sleep quality in defining QoL and work ability was 
especially emphasised in this study. On that basis, sleep issues should be brought up 
in the consultations and health check-ups of primary and occupational healthcare, 
and help and advice should be offered to patients with poor sleep quality. According 
to my study, sleep quality can be assessed fairly well with a single question.  
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Figure 5.  Factors found positively or negatively associated with quality of life among the study 
population of the present thesis. 
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Appendices 

PORTAAT Questionnaires 

(The questionnaires of the PORTAAT Study were in Finnish. These questionnaires 
have been translated by the author for this thesis summary. 

If a question was used only at baseline [2014] or at follow-up [2015], the year is 
mentioned with the question.) 

These questionnaires are designed to gather information about your well-being 
and habits. All information will be handled confidentially, and all researchers 
involved in the study have confidentiality obligations.  

Please, answer the following questions by ticking the box that best describes your 
situation or write your answer on the lines. Return the questionnaire to the study 
nurse at the study visit. 

 
(2014) Do you have any diseases diagnosed by a physician?  
□ No     □ Yes. Please, list the diseases here: 
___________________________________________________________________

___________________________________________________________________  

 
(2015) Do you have any diseases diagnosed by a physician during the past year?  
 □ No     □ Yes. Please, list the diseases here: 
___________________________________________________________________

___________________________________________________________________  

Do you have a permanent medication?  □ No     □ Yes. Please, list the names of 
the medications here: 
___________________________________________________________________

___________________________________________________________________  
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Do you have children? 

□ No      □ Yes, under 18 years of age, (number) _______      

□ Yes, over 18 years of age, (number)_______ 

What is your current life situation? 

□ I live alone   □ I live with a partner   □ I am a single parent   

□ I am divorced   □ I am widowed    □ Other 

 

 

 

QUESTIONNAIRE ABOUT WORK AND OCCUPATION 

 

What is your occupation? _____________________________________________ 

Which one of the following best describes your current work time 
arrangements? 
    □ Fixed daytime work     □ Two-shift work     □ Three-shift work      

    □ Part-time work      □ Fixed evening work □ Fixed night work        

 
(2014) Which one of the following best describes your vocational education? 
    □ Vocational course         
    □ Vocational school or apprenticeship 
    □ Vocational institute        
    □ University of applied sciences or bachelor’s degree  
    □ University or Institute of higher education    
    □ None of the mentioned 
 
(2015) How many years have you been studying? Add together school and 
education years starting from the first grade of elementary/primary school.  
    □ No finished school/education                   □ Elementary school (6–7 years) 
    □ Comprehensive school (9 years)  □ Upper secondary school  
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Assume that your work ability at its best has score of 10 points. What is your 
current work ability compared with your lifetime best? (0–10) Please circle as 
appropriate. (WAS) 

0     1     2     3     4     5     6     7     8     9     10 

Completely unable to work          Work ability at its best 

 

 

SLEEP 

 
During the past month, how many hours of sleep did you normally get at night? 

_______hours _______ minutes 
 
During the past month, how would you rate your sleep quality overall? 
□ Very good     □ Good     □ Poor     □ Very poor   
During the past month, how often have you taken medicine (prescribed or ‘over 
the counter’) to help you sleep? 
□ Not during the past month  □ Less than once a week  
□ Once or twice a week  □ Three or more times a week
  
 

 

 

PHYSICAL ACTIVITY  

How much physical activity do you get during a typical week? Add together all 
regular physical activity that lasts at least 10 minutes at a time. You can choose 
several options.  
□ No regular physical activity during a typical week 

□ Light aerobic type physical activity (e.g. slow walking) 
   on _____ days a week, altogether _____ hours _____ minutes a week 

□ Moderate aerobic type physical activity (e.g. brisk walking)    

  on_____ days a week, altogether _____ hours _____ minutes a week 
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□ Vigorous aerobic type physical activity (e.g. running) 
   on _____ days a week, altogether _____ hours _____ minutes a week 

□ Resistance type of training (e.g. gym training) 
   on _____ days a week, altogether _____ hours _____ minutes a week 

□ Physical activity related to balance (e.g. dance or games) 

   on _____ days a week, altogether _____ hours _____ minutes a week 
 
 
SMOKING 

□ I have never smoked regularly 
□ I have stopped smoking in (year) __________ 
□ I am currently smoking _______ cigarettes per day 
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(2014) DIET 

How often do you eat the following foods or drink the following beverages? 
Please, tick the appropriate box.  

 
 

Every 
day 

3–6 days a 
week 

A few times 
a month 

More 
seldom 

Never 

Dark (rye) bread      

White bread      

Sweet bakery 
products, biscuits 

     

Crisps or comparable      

Sweets      

Fresh fruit      

Fresh vegetables       

Berries      

Cheese      

Fat-free or low-fat 
(≤1%) dairy products      

Other dairy products      

Sausage      

Red meat (beef, 
pork, mutton)      

White meat (poultry)      

Fish      

Eggs      
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(2015) FOOD FREQUENCY QUESTIONNAIRE (PORTAAT FFQ) HY ME/2015 

Think about the previous week. How many times a day or times a week did you 
eat the following food products? Please, fill in the appropriate figure in the 
suitable box for every food group. Tick the box of ‘Not at all’ if you did not eat that 
food during the last week. Please, fill in only one column per row!  

 
Not at 
all 

Times 
per 
week 

Times 
per day 

For example: fat-free milk and sour milk   2 
MEALS 

Breakfast    

Hot meal (e.g. lunch, dinner)    

Snack    

VEGETABLES, FRUIT, AND BERRIES 

Fresh vegetables (e.g. lettuce, tomato, cucumber, 

grated carrots) 
 

  

Cooked vegetables and canned vegetables (as a 
side dish, e.g. mushrooms) 

 
  

Potatoes (in any form)    

Peas, beans, lentils and soya (e.g. tofu, falafel, 

chickpeas, seitan, hummus) 
 

  

Fresh fruit    

Canned and frozen fruit    

Berries (fresh and frozen)    

Berry and fruit soups and fools     

DAIRY PRODUCTS 

Fat-free milk and sour milk    

Low-fat (≤1%) milk and sour milk     

Full fat milk and sour milk    

Low-fat cheese (fat ≤20%, e.g. Polar 15, cottage cheese)    

Full-fat cheese (fat >20%,e.g. Oltermanni, Emmental, 

feta) 
 

  

Yoghurt, quark, and curdled milk     

Ice cream (e.g. Pingviini, Tofuline)    
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FATS 

Vegetable oil in cooking    

Oil-based salad dressings    

Butter, butter-oil spread 80% fat (e.g. Oivariini) on 
bread 

 
  

Margarine ≥60% fat (e.g. Keiju, Becel, Flora) on bread    

Margarines, bread spreads, <60% fat (e.g. Voilevi, 

kevyt Becel) on bread 
 

  

FISH    

Fish dishes and products (e.g. fish soup, fried fish, 

tuna)  
 

  

MEAT AND EGGS 

Red meat (beef, pork, mutton, lamb, game; e.g. 

meatballs) 
 

  

White meat (poultry, e.g. turkey stew, chicken wok)    

Cold cuts of meat (e.g. smoked ham, turkey cold cut)    

Sausages and frankfurters (e.g. mettwurst, lauantai-

sausage) 
 

  

Eggs (as such, e.g. fried, cooked, omelette)    

GRAIN PRODUCTS 

Whole grain (dark) pasta and rice    

White pasta and rice    

Rye bread, rye crisp bread     

Light whole grain bread (e.g. multigrain bread, 
graham rolls, high-fibre oat bread) 

 
  

White bread (e.g. French bread, white toast)    

Breakfast cereals, muesli     

Porridge    

Sweet bakery products (e.g. buns, pies, cookies, 
cakes) 

 
  

Savoury bakery products (e.g. pies, pastries)    
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BEVERAGES 

Juices sweetened with sugar     

Fruit juice (no added sugar)    

Soft drinks and energy drinks sweetened with 
sugar (e.g. Coca-Cola, Jaffa, Red Bull) 

 
  

Low-sugar soft drinks and juices (e.g. diet soft drinks, 

beverages sweetened with stevia) 
 

  

Light alcoholic drinks (e.g. beer, cider, wine)    

Spirits (e.g. spirits, liqueur, whisky, cognac)    

OTHER 

Chocolate (e.g. milk chocolate, chocolate raisins, 

pralines)  
 

  

Sweets (e.g. salty liquorice and fruit candy, lollies)     

Unflavoured nuts, seeds and almonds    

Crisps, popcorn, salted peanuts (e.g. potato crisps, 

nachos)  
 

  

DIETARY SUPPLEMENTS 

Multivitamin and mineral products, (e.g. Multi-tabs, 

Multivita) 
   

Vitamin D supplements (e.g. DeviSol, Minisun)    

Other dietary supplements    
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