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Resultaten
Uit ons onderzoek kwam naar voren dat kleine en grote levensgebeurtenissen in 
geringe mate samenhingen met lichamelijke activiteit, dat wil zeggen: i) hoe meer 
kleine levensgebeurtenissen jongvolwassenen ervoeren, en ii) hoe negatiever 
jongvolwassenen werk- en financieel gerelateerde levensgebeurtenissen beleef-
den, hoe meer lichamelijk actief ze waren (Hoofdstuk 3). In Hoofdstuk 4 werden 
determinanten van verschillende typen lichamelijke activiteit met elkaar vergele-
ken en werden determinanten voor mannen en vrouwen apart onderzocht. Uit dit 
onderzoek bleek dat zwaar intensieve lichamelijke activiteit andere determinan-
ten had dan matig intensieve lichamelijke activiteit en ook dat determinanten van 
lichamelijke activiteit verschilden voor mannen en vrouwen. De gecombineerde 
resultaten van Hoofdstuk 4 en 5 lieten zien dat jongvolwassen die een slechtere 
gezondheid hadden, getrouwd waren, kinderen hadden, tot een etnische min-
derheid behoorden, een lagere opleiding hadden of rookten over het algemeen 
minder lichamelijk actief waren. Andere persoonlijke determinanten van minder 
lichamelijke activiteit waren een stedelijke leefomgeving en meer ervaren stress. 
Daarentegen waren jongvolwassenen die met mate alcohol dronken meer licha-
melijke actief.

In Hoofdstuk 6 werden determinanten van verschillende typen zittend gedrag met 
elkaar vergeleken en in Hoofdstuk 7 werden determinanten van doordeweeks 
zitten en zitten in het weekend apart onderzocht. Determinanten van zittend 
gedrag waren anders voor TV kijken, dan voor computeren. Determinanten van 
doordeweeks zitten en zitten in het weekend verschilden eveneens. De gecombi-
neerde resultaten van Hoofdstuk 6 en 7 lieten zien dat overmatig zitten samenhing 
met een slechtere gezondheid en roken. Jongvolwassenen behorende tot een 
etnische minderheid zaten doordeweeks én in het weekend meer, terwijl degenen 
met een lagere opleiding alleen meer zaten in het weekend dan hoger opgeleide 
jongvolwassenen. Ook zaten jong professionals (bijvoorbeeld manager of arts) 
meer dan jongvolwassenen zonder betaald werk, zowel doordeweeks als in het 
weekend. Andere persoonlijke factoren die met overmatig zitten samenhingen 
waren; geslacht (mannen zaten meer) en meer ervaren stress. Jongvolwassenen 
die getrouwd waren of kinderen hadden zaten minder dan jongvolwassenen die 
niet getrouwd waren of geen kinderen hadden.

De resultaten laten zien dat minder lichamelijke activiteit en meer zittend gedrag 
een aantal determinanten gemeen hebben. Een slechtere gezondheid, lage sociaal-
economische status, roken en meer ervaren stress waren zowel met minder 
lichamelijke activiteit als met meer zittend gedrag geassocieerd. In het geval van 
jongvolwassenen die getrouwd waren of die kinderen hadden bleek juist dat zij wel 
minder lichamelijke actief waren dan ongetrouwde en kinderloze jongvolwassenen, 
maar ook dat zij minder zaten.

SAMENVATTING

Een groot deel van de huidige wereldbevolking is onvoldoende lichamelijk actief 
en brengt dagelijks een behoorlijk aantal uren zittend door. Onderzoekers voor-
spellen dat het aantal mensen dat onvoldoende lichamelijk actief is en veel zit 
de komende jaren nog verder zal toenemen. Deze trend is zorgelijk omdat zowel 
onvoldoende lichamelijke activiteit als veel zitten onder meer geassocieerd is met 
een verhoogd risico op hartaandoeningen, diabetes en verschillende vormen van 
kanker.

Om de negatieve gezondheidseffecten van onvoldoende lichamelijke activiteit en 
overmatig zitten te voorkomen, worden over de hele wereld programma’s ontwik-
keld die erop gericht zijn lichamelijke activiteit te bevorderen en langdurig zitten 
te beperken. Het is belangrijk om te weten welke mensen minder lichamelijk 
actief zijn en/of veel zitten, zodat dergelijke programma’s aansluiten bij de juiste 
doelgroep. Door middel van het analyseren van bestaande onderzoeksgegevens 
van jongvolwassenen, draagt dit proefschrift bij aan een beter begrip van de 
samenhang tussen persoonlijke factoren en lichamelijke activiteit enerzijds en zit-
tend gedrag anderzijds. In wetenschappelijk onderzoek worden deze persoonlijke 
factoren ook wel aangeduid met het woord persoonlijke determinanten.

De persoonlijke determinanten die in dit proefschrift centraal staan zijn socio- 
demografische factoren zoals etniciteit, opleidingsniveau en burgerlijke staat, 
werk-gerelateerde factoren zoals beroep en aantal werkuren, fysieke factoren 
waaronder lichaamssamenstelling en fitheid, maar ook kleine en grote levens-
gebeurtenissen zoals een echtscheiding of conflicten met collega’s. De laatste twee 
categorieën van persoonlijke determinanten die onderzocht worden zijn karakter-
eigenschappen en leefstijl (bijvoorbeeld roken en alcoholconsumptie). Omdat er 
verschillende typen van lichamelijke activiteit bestaan, beschrijft dit proefschrift 
zowel determinanten van dagelijkse lichamelijke activiteit als van matig inten-
sieve en zwaar intensieve lichamelijke activiteit en lichamelijke activiteit als 
vrijetijdsbesteding. Omdat er ook verschillende typen van zittend gedrag bestaan, 
beschrijft dit proefschrift zowel determinanten van TV kijken als van computeren, 
totale beeldschermtijd (de som van TV kijken en computeren) en dagelijks zitten.

Spiegeltje, spiegeltje aan de wand, 
wie is er inactief in dit land?

Determinanten van een inactieve leefstijl onder jongvolwassenen ontrafeld
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toereikend, maar kwalitatief onderzoek -bijvoorbeeld in de vorm van interviews- 
kan ons begrip hiervan vergroten en wij adviseren dan ook om dergelijk onderzoek 
in de toekomst frequent uit te voeren.

Conclusie
Onze samenleving kampt in toenemende mate met een groeiende populatie die 
onvoldoende lichamelijk actief is en te veel zit. Om de nadelige gezondheidsef-
fecten die geassocieerd zijn met onvoldoende lichamelijke activiteit en overma-
tig zitten tegen te gaan, is het belangrijk om onze kennis over risicogroepen en 
belangrijke gedragsdeterminanten te vergroten. Dit draagt bij aan de ontwikkeling 
van effectievere programma’s die aansluiten bij mensen met een lichamelijk 
inactieve en zittende leefstijl. Belangrijke risicogroepen voor minder lichamelijke 
activiteit en meer zittend gedrag zijn jongvolwassenen met een slechtere ervaren 
gezondheid, een lagere sociaal-economische status, jongvolwassenen die roken 
en die meer stress ervaren. Bij het ontwikkelen van programma’s die erop gericht 
zijn lichamelijke activiteit te bevorderen en langdurig zitten te beperken, moeten 
interventieontwikkelaars in acht nemen dat persoonlijke gedragsdeterminanten 
verschillen tussen: i) mannen en vrouwen, ii) verschillende typen lichamelijke 
activiteit, en iii) verschillende typen van zittend gedrag. Dit proefschrift draagt bij 
aan de huidige wetenschappelijke kennis van gedragsdeterminanten bij jongvol-
wassenen.

Implicaties
Het identificeren van gedragsdeterminanten en specifieke risicogroepen is een 
eerste stap bij de ontwikkeling van effectieve strategieën om gedragsverandering 
te realiseren. Op basis van dit proefschrift kan geconcludeerd worden dat jongvol-
wassenen met een slechtere gezondheid, een lagere sociaal-economische status, 
die rookten of meer stress ervoeren minder lichamelijk actief waren en meer 
zaten. Behalve de omschrijving van een ‘hoog-risco profiel’ kan uit ons onderzoek 
ook worden afgeleid dat:

1) determinanten van lichamelijke activiteit verschillen tussen mannen en vrou-
wen (bijvoorbeeld: alleen bij mannen was een hogere score op de karakter–

 eigenschap dominantie met minder lichamelijke activiteit geassocieerd; 
 Hoofdstuk 4);
2) verschillende vormen van lichamelijke activiteit verschillende determinanten 

hebben (bijvoorbeeld: een hoge calorie inname was geassocieerd met minder 
zwaar intensieve lichamelijke activiteit, maar niet met minder matig intensieve 
lichamelijke activiteit; Hoofdstuk 4);

3) verschillende vormen van zittend gedrag verschillende determinanten hebben 
(bijvoorbeeld: roken was geassocieerd met meer TV kijken, maar niet met 
meer computeren; Hoofdstuk 6);

4) zittend gedrag doordeweeks andere determinanten heeft dan zittend gedrag 
in het weekend (bijvoorbeeld: jongvolwassenen met een fulltime baan zaten 
doordeweeks meer dan jongvolwassenen die parttime werkten, maar dat gold 
niet voor het weekend; Hoofdstuk 7).

Ontwikkelaars van gezondheidsbevorderende programma’s rond lichamelijke ac-
tiviteit en zittend gedrag zouden zich dus niet alleen moeten richten op bepaalde 
risicogroepen, maar moeten daarnaast afstemmen op de specifieke subgedragin-
gen die ze willen veranderen, bijvoorbeeld matig of zwaar intensieve lichamelijke 
activiteit en TV kijken of computeren. Bovendien hoeven niet alle mensen die baat 
zouden hebben bij een programma dat lichamelijke activiteit stimuleert ook deel 
te nemen aan een programma dat tracht zittend gedrag te beperken en vice versa. 
Het stimuleren van lichamelijke activiteit vereist dus een andere aanpak dan het 
ontmoedigen van zitten.

Op het gebied van programmaontwikkeling laten de huidige bevindingen zien dat 
er onder andere kansen liggen voor initiatieven die zich richten op jonge ouders. 
Consultatiebureaus kunnen bijvoorbeeld informatie verstrekken over hoe ouders 
lichamelijk actief kunnen zijn met hun kind in en rondom het huis, of jonge ouders 
inlichten over lokale activiteiten zoals wandel- of hardloopgroepjes ‘achter de 
kinderwagen’. Andere aandachtsgebieden voor programmaontwikkeling zijn; het 
onderbreken van langdurig zitten op het werk en het ontwerpen van een stedelijke 
omgeving die lichamelijke activiteit stimuleert. Tenslotte lijkt het ons zinvol om 
meer te weten te komen over de onderliggende mechanismen (het ‘waarom’) van 
onvoldoende lichamelijke activiteit en te veel zitten. Onze data was hiervoor niet 
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sed work and finances-related life events the more physically active they were 
(Chapter 3). In Chapter 4 the determinants of different types of physical activity were 
compared, as well as the differences in determinants between men and women. 
This study showed that determinants of vigorous intensity physical activity were 
not the same as determinants of moderate intensity physical activity, and that de-
terminants of physical activity were different for men and women. The combined 
results of Chapter 4 and 5 showed that young adults with decreased levels of physi-
cal health, who were married, had children and belonged to an ethnic minority, 
those with lower education or those who smoked were on average less physically 
active than their peers. Other person-related determinants that were associated 
with less physical activity were: living in an urban environment and experiencing 
more stress. On the contrary, young adults who consumed moderate amounts of 
alcohol were more physically active.

In Chapter 6, the determinants of different types of sedentary behaviour were com-
pared and in Chapter 7 the differences in determinants between week-day sitting 
and weekend-day sitting were investigated. Determinants of TV viewing were not 
the same as determinants of computer use and determinants of week-day sitting 
and weekend-day sitting differed as well. The combined results of Chapter 6 and 
7 showed that decreased levels of physical health and smoking were associated 
with more time spent in sedentary behaviour. Young adults who belonged to an 
ethnic minority were more sedentary on week-days and weekend-days, while  
those with a lower education were more sedentary than those with a higher 
education but on weekend-days only. Also, young professionals (for example 
manager or doctor) sat more than young adults without paid work, on both week- 
and weekend-days. Other person-related factors that were associated with more 
time spent sedentary were: gender (men sat more) and experiencing more stress. 
Young adults who were married or who had children were less sedentary than 
young adults who were not married or did not have children.

Our results show that engagement in less physical activity and more sedentary 
behaviour have some determinants in common. Decreased levels of physical 
health, lower socio-economic status, smoking and experiencing more stress were 
associated with less physical activity and more sedentary behaviour. Young adults 
who were married or who had children, were assessed to be less physically active 
than married adults and those without children, but our results also showed that 
they spent less time being sedentary.

Implications
The identification of behavioural determinants and specific at-risk groups is the 
first step in the development of effective strategies to realise behavioural change. 
Based on the results of this thesis, it can be concluded that young adults with de-
creased levels of physical health, lower socio-economic status, those who smoked 
and experienced more stress were on average less physically active and spent 
more time in sedentary behaviour. 

SUMMARY

Nowadays, a considerable part of the world population is insufficiently physically 
active and sits for long hours. Researchers predict that the number of people that 
is insufficiently physically active and that spends a large amount of their time 
engaging in sedentary behaviours will further increase within the next few years. 
This trend is worrying, because insufficient physical activity as well as sedentary 
behaviour is for instance associated with a higher risk of developing heart disease, 
diabetes and different types of cancer.

To prevent the occurrence of these adverse health effects, programs that focus on 
increasing one’s time spent in physical activity and on limiting one’s time spent 
in sedentary behaviour are being developed all over the world. It is important to 
assess which people are less physically active and/or more sedentary in order for 
such programs to be targeted to the right at-risk group. By means of analysing 
existing data of young adults, this thesis adds to a better understanding of the 
association between person-related factors and physical activity on the one hand, 
and sedentary behaviour on the other hand. In scientific research, these person- 
related factors are also referred to as person-related determinants.

The person-related determinants that are central to the research in this thesis 
include socio-demographic factors such as ethnicity, education and marital status, 
work-related factors like occupation and number of work hours, physical factors like 
body composition and fitness, but also daily hassles and life events such as going 
through a divorce or having conflicts with colleagues. Two additional categories of 
person-related determinants that are investigated comprise personality and lifestyle 
(for example smoking and alcohol consumption). Because different types of physi-
cal activity and sedentary behaviour exist, this thesis sought to identify determi-
nants of daily physical activity, moderate intensity and vigorous intensity physical 
activity, leisure time physical activity, TV viewing, computer use, total screen time 
(the sum of TV viewing and computer use) and daily sitting, respectively.

Results
Our results showed that daily hassles and live events were not associated with 
sedentary behaviour and only to a small extent with physical activity, namely: 
i) the more daily hassles young adults experienced, and ii) the higher they apprai-

Magic mirror on the wall, 
who is most inactive of them all?

Untangling determinants of a long-term inactive lifestyle in young adults
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tually add to the development of more effective programs that target people who 
are most at risk of a physically inactive and sedentary lifestyle. Young adults who 
are at higher risk of being less physically active and more sedentary include those 
with decreased physical health, lower socio-economic status, those who smoke 
and experience more stress. When developing programs that focus on increasing 
physical activity and decreasing sedentary behaviour, intervention developers 
should bear in mind that: i) men and women, ii) different types of physical activity, 
and iii) different types of sedentary behaviour, have different person-related 
determinants. This thesis adds to the existing scientific knowledge of behavioural 
determinants among young adults.

Yet, except for describing a ‘high-risk profile’, from our result it can also be 
derived that:

1) determinants of physical activity are different for men and women (for example: 
only in men a higher score on dominance was associated with less physical 
activity; Chapter 4);

2) different types of physical activity have different determinants (for example: 
high caloric intake was associated with less vigorous physical activity, but not 
with less moderate physical activity; Chapter 4);

3) different types of sedentary behaviour have different determinants (for ex-
 ample: smoking was associated with more TV viewing, but not with more 
 computer use; Chapter 6);
4) determinants are different for week-day and weekend-day sedentary behaviour 

(for example: young adults with a full-time job were more sedentary on week-
days than young adults with a part-time job, but this was not true for week-
end-days; Chapter 7).

Intervention developers who are concerned with designing health enhancing 
programs that promote physical activity and limit sedentary behaviour, should not 
only focus on at-risk groups, but also tailor their programs to the specific beha-
viour they want to change; for example moderate or vigorous intensity physical 
activity and TV viewing or computer use. Furthermore, not all people in need of 
a physical activity promoting program also need a sedentary behaviour reducing 
intervention and vice versa. Stimulating physical activity requires a different ap-
proach than decreasing sedentary behaviour.

Regarding program development, the current results show that among others 
there are opportunities for initiatives that consider young parents. Child health 
care centres could for example provide young parents with information on how to 
be physically active with their baby in and around the house, or on local physical 
activity initiatives such as walking or running behind the stroller with a group of 
young parents. Other areas that need attention are: reducing prolonged occupa-
tional sedentary behaviour or designing ‘physical activity friendly’ urban environ-
ments. Finally, we think it is meaningful to enhance our understanding about the 
underlying mechanisms (‘the why’) of insufficient physical activity and engaging in 
too much sedentary behaviour. Our data did not facilitate such research, but quali-
tative studies –for example through interviews- could increase our awareness and 
therefore we advise future research to conduct such studies more frequently.

Conclusion
Current society deals with a population that is increasingly becoming less physi-
cally active and that tends to be sedentary for long hours. To prevent the occur-
rence of adverse health effects that are associated with insufficient physical 
activity and sedentary behaviour, it is important to expand our knowledge on 
at-risk groups and significant determinants of both behaviours. This will even-
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Preventing a physically inactive and sedentary lifestyle
To combat the global physical inactivity trend, wide-scale and small-scale 
 interventions promoting a physically active lifestyle have been developed and 
implemented, including behavioural, social, policy and environmental  approaches, 
and national campaigns [16]. Most programs aiming to increase physical  activity 
have had, unfortunately, only modest effects [16]. As the field of sedentary 
behaviour research is relatively new, only few interventions targeting sedentary 
behaviour in adults have been carried out [17]. In both the case of physical activity 
and sedentary behaviour, knowledge of key factors associated with a physically 
inactive and sedentary lifestyle is essential for the identification of risk groups as 
well as for the development of effective interventions [17-19].

As participation in physically inactive and sedentary behaviours tends to differ 
across the life span [20], recent literature reviews have summarised studies on 

Figure 1. UK adults’ metabolic equivalents of task (MET)-hours per week of total 
physical activity, and hours per week of sedentary time from 1961–2005 and forecasted 

for 2006–2030. Derived from Ng and colleagues [2]

Source: Multinational Time Use Studies (MTUS) v.5.52 (1961, 1983, 1987) and v.5.8 
(1974, 1995, 2000, 2005); Applying the Compendium of Physical Activity MET-intensity 
values based on reported time spent across 41 MTUS coded activities and by occupation. 
Forecasting for 2006–2030 based on 1961–2005 slopes.

Chapter 1
General introduction

‘To keep the body in good health is a duty.
Otherwise we shall not be able to keep our 
mind strong and clear’
-Buddha-

Our current society offers plenty of possibilities to engage in physical  activity. 
Examples are; the presence of sport clubs, sport centers and sport fields, 
 pedestrian and bicycle paths, and public parks and gardens, all of which enable 
people to enjoy a physically active lifestyle. Yet, it has recently been estimated 
that approximately 31% of adults worldwide including adults from Africa, the 
 Americas, the eastern Mediterranean, Europe and southeast Asia do not meet 
physical activity recommendations, and are therefore regarded as physically 
 inactive [1]. Moreover, researchers have noted a persistent decline in physi-
cal activity levels in the past few decades, and predict a continuing decline of 
 physical activity in countries around the world (see for instance Figure 1 for a 
physical activity forecast in UK adults) [2]. This prediction is worrying as physical 
 inactivity has consistently been shown to have major implications for the preva-
lence of noncommunicable diseases such as heart disease, diabetes and cancers, 
and for the general health of the population [3-7].

Another health behaviour related to human movement concerns sedentary 
behaviour [8], for which -due to the development of modern information and 
communication technology, electronic entertainment and motorised   transport- 
the opportunities in our living environment have become abundant over the past 
years. International estimations of sedentary behaviour indicate that adults report 
to sit around 5 hours a day on a usual week-day [9]. National studies that used a 
more objective measure (accelerometers) to assess sedentary behaviour in adults 
presented even higher levels of sedentary time, for example; 7.7 hours per day 
[10] and 9.5 hours per day [11] on average in US and Canadian adults,  respectively. 
Based on recent data it is foreseen that sedentary behaviour in general will rapidly 
increase in the near future (see Figure 1) [2]. Time spent sedentary has been 
associated with adverse health consequences including increased risk for 
 all-cause, CVD-related, and all-other-causes mortality independent of physical 
activity [12,13]. Hence, sedentary behaviour is nowadays regarded as  independent 
risk factor for lifestyle related diseases rather than as the mere absence of 
physical activity [14,15], and unraveling its causes and consequences has captured 
scientific interest from the beginning of the 21st century.

Definitions of physical (in)activity and sedentary behaviour are not always used 
consistently and sometimes interchangeably. Therefore, at the end of this chapter, 
a summary box is presented including the definitions used throughout this thesis.
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How to progress from here?
Understanding which people pertain a physically inactive and sedentary lifestyle 
is important for the evidence-based planning and improvement of physical  activity 
promotion and for the prevention of excessive sedentary behaviour [27]. This 
knowledge informs future programs to target i) people that are at increased risk 
of being physically inactive and sedentary, and ii) factors that are prospectively as-
sociated with these behaviours and as such, can potentially contribute to effective 
prevention of non-communicable diseases and other adverse health outcomes 
caused by a physically inactive and sedentary lifestyle [28]. Therefore, the overall 
purpose of this thesis is to provide better insight into factors that are associated 
with physical activity and sedentary behaviour.

Following the above, five studies that are part of this thesis 1) consider a young 
adult population, 2) comprise multiple person-related factors, and 3) are based on 
longitudinal data.

No research without data
To study the prospective relationship between different person-related factors and 
physical activity and sedentary behaviour in young adults, we used two extraordi-
nary datasets: one originating from a longitudinal cohort study in the Netherlands 
and the other coming from a longitudinal cohort study in Australia.

The Amsterdam Growth and Health Longitudinal Study (AGAHLS)
From 1976/1977 onwards, the AGAHLS started monitoring growth, health, and 
lifestyle from adolescence into adulthood among approximately 600 boys and girls 
aged 13 years [29]. These participants were selected from two secondary schools 
in the Netherlands, i.e., one school in Amsterdam and one school in Purmerend, 
and measurements were performed annually from 1976 to 1980. Six additional 
follow-up measurements were performed in 1985, 1991, 1993, 1996/1997, 2000 
and 2006 when the participants were 21, 27, 29, 32, 36 and 42 years of age, res-
pectively. To study possible learning, test and cohort effects caused by the repea-
ted measurements, pupils from the secondary school in Purmerend were initially 
included as a control group and measured only once in the period 1976-1980. 
However, from 1996/1997 to 2006 they were invited for every measurement [30]. 
At the fifth follow-up measurement in 1985, AGAHLS participants had reached 
young adult age. From this measurement on comprehensive socio-demographic 
information as well as information on numerous physical, psychological and lifes-
tyle factors was assessed [31]. The chapters in this thesis that are based on the 
AGAHLS data primarily focus on the young adult period from age 21 to 36 years 
(1985 to 2000).

The Australian Study on Women’s Health (ALSWH)
The ALSWH is a longitudinal survey of over 40,000 women in three cohorts who 
were aged 18-23, 45-50 and 70-75 when the survey started in 1996 [32]. The 
ALSWH is designed to investigate multiple factors affecting health and well-being 

the factors that are associated with physical inactivity or sedentary  behaviour 
among youth (Chapter 2, [21]) and adults [18,19]. Yet, only few consistent  factors 
related to a physically inactive and sedentary lifestyle have been  identified 
[18,19,21]. In adults, certain demographic, biological, psychological, and 
 behavioural variables were shown to be associated with either physical inactivity 
(e.g., health status, self-efficacy, motivation), sedentary behaviour (e.g.,  income, 
smoking status, attitude) or both (e.g., age, gender, education, employment status, 
overweight) [18,19]. The methodological issue with previous attempts is, however, 
that most factors have been studied in cross-sectional designs -i.e., both factors 
and behaviours were measured at one point in time providing at best  correlations 
between the two [22]. Another concern within this research field is the lack of 
uniformity among studies, i.e., different studies considered different factors 
(person-related, behavioural, environmental) among different  (sub) populations; 
mostly children and adolescents or elderly people. With regard to the first issue, 
longitudinal cohort studies (i.e., both factors and behaviours are measured 
during multiple follow-ups) have the ability to identify factors that have  stronger 
 associations with physical activity and sedentary behaviour [22], providing a better 
starting point for intervention development. With regard to the second issue it 
should be said that there is one particular group of people that has received 
little attention so far despite the fact that they face many life changes in a short 
time frame that may impact their engagement in physical activity and sedentary 
 behaviour: young adults.

Young adulthood and beyond; a vulnerable period
‘For today’s young people, the road to adulthood is a long one. […] most do not marry, 
become parents, and find a long-term job until at least their late twenties. […] they explore 
the possibilities available to them in love and work, and move  gradually toward making 
enduring choices. Such freedom to explore  different  options is exciting, and this period is 
a time of high hopes and big dreams.  However, it is also a time of anxiety and uncertainty, 
because the lives of young people are so unsettled, and many of them have no idea where 
their explorations will lead’ [23; p.3].

The transition from adolescence to young adulthood is accompanied by several life 
experiences (or life events) that may greatly influence an individual’s daily routine 
[24,25]. These events could therefore influence health behaviours either by disrup-
ting one’s ability to be physically active, or by increasing engagement in sedentary 
behaviours. Specifically in young women, who tend to be less physically active than 
men [1], leisure time physical activity decreases when they get a job or change 
work conditions, change from living alone to cohabiting, get married, or have a 
child [26]. Although results have been less conclusive for men, for both men and 
women it is assumed that experiencing multiple simultaneous events –which is not 
uncommon in young adulthood- decreases participation in leisure time physical 
activity [26]. In addition, with regard to sedentary time it has been shown that young 
adults sit longer than mid-aged adults [9], making young adulthood a vulnerable 
period for developing a physically inactive and sedentary lifestyle.
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AGAHLS ALSWH

Country  the Netherlands Australia

Regional/National Regional; Amsterdam area National

Measurement period 1985–2000 2000–2009

Measurement repetitions  
included in the analyses

5 4

Number of participants Around 500 >11,000

Mean age range 21-36 25-34

Gender Men and women Women only

Type of physical activity assessed Habitual physical activity Leisure time physical activity

Measurement instrument 
(self-report)

A semi-structured face-to-face interview, 
specifically designed for the AGAHLS [34]

A modified version of the Active 
Australia questionnaire [35]

Type of sedentary behaviour assessed Leisure time TV viewing and computer use 
during the week

General sedentary time at week-days 
and weekend-days

Measurement instrument 
(self-report)

TV viewing and computer use related 
sedentary time questions

Generic sedentary time questions

Comparable person-related factors +Body fatness 
+Marital status 
+Employment status 
+Alcohol consumption 
+Smoking

+Body fatness 
+Marital status 
+Employment status 
+Alcohol consumption 
+Smoking

Dissimilar person-related factors -Aerobic fitness 
-Neuromotor fitness 
-Back problems 
-General health status 
-Mild health complaints 
-Problem-focused coping 
-Emotion-focused coping 
-Personality 
-Energy intake 
-Daily hassles  
-Life events

-Country of birth 
-Education 
-Number of children 
-Area of residence 
-Stress

Table 1. Overview of AGAHLS and ALSWH cohort features in these three generations of women. Since its inception in 1996 all cohorts have 
been followed-up every three years [33] and will be followed-up until at least 2016. 
Two chapters in this thesis are based on data of the ALSWH. As the focus of this 
thesis is on young adulthood, only data from the young cohort measured from 
2000 to 2009 have been included.

Table 1 presents an overview of the most important features of the AGAHLS and 
ALSWH in relation to the focus of this thesis. The table provides information on 
the general cohort characteristics, the type and assessment of physical activity 
and sedentary behaviour, the type of person-related factors examined, as well as 
on the key differences and similarities of both prospective cohort studies.

Correlates or determinants?
Throughout this thesis, the word ‘determinant’ is used to refer to factors that 
could potentially prospectively be associated with one’s physical activity or seden-
tary behaviour. In 2002, Bauman et al [22] reflected on the use of this term in com-
parison with the term ‘correlate’. According to the authors ‘the term ‘determinant,’ as 
it has most typically been used in […] research literature, is a misnomer. The majority of studies 
have used the term ‘determinant’ in the context of findings that demonstrate reproducible asso-
ciation or predictive relationships (correlates), rather than the more appropriate use of the term 
as a cause-and-effect relationship’ [p.6]. Bauman and colleagues [22] further describe 
five standards that are important in the assessment of any causal relationship; 
i.e., (i) study design, (ii) strength of the association, (iii) temporal sequence, (iv) 
dose-response relationship, and (v) conceptual plausibility. Moreover, they state 
that a relationship is more likely to be causal (so the use of ‘determinant’ instead 
of ‘correlate’ would be appropriate), when variation in the outcome has been pro-
duced by changes in level or intensity of the explaining factors (vi).

We acknowledge that the studies in this thesis do not present causal associations 
in the traditional sense, as in all studies the possible ‘cause’ (e.g., person-related 
factors) and ‘effect’ (i.e., physical activity and sedentary behaviour) are assessed 
at the same time. Yet, we hypothesised a biological-plausible explanation for our 
findings, and so we decided that the word ‘determinant’ was more in place and 
chose to consistently use this term.
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Summary box: Definitions

Physical activity
Any bodily movement produced by skeletal muscles that requires energy 
expenditure [36]. Every individual engages in physical activity during his/
her life, but the amount and intensity of physical activity may vary con-
siderable between different persons and also throughout life.

Physical activity recommendations
Specified guidelines for the minimum amount of physical activity required to gain a 
health benefit. The WHO recommends that adults aged 18–64 should engage in at 
least 150 minutes of moderate-intensity aerobic physical activity throughout the week 
or at least 75 minutes of vigorous-intensity aerobic physical activity throughout the 
week or an equivalent combination of moderate- and vigorous-intensity activity [37].

Physical inactivity
Not meeting specified physical activity guidelines/recommendations [8]. 
When an individual does meet the above mentioned physical activity 
guidelines/recommendations, he/she is referred to as physically active.

Sedentary behaviour
‘Sedentary behaviour refers to any waking activity characterized by an energy ex-
penditure ≤1.5 metabolic equivalents and a sitting or reclining posture’ [8, p.540]. 

Sedentary lifestyle
A mode of living in which a vast amount of regular waking hours 
is spent while sleeping, sitting, and/or lying down.

Purpose
The overall purpose of this thesis is to provide better insight into factors that 
influence physical activity and sedentary behaviour. Chapter 2 therefore presents 
a systematic literature review to update the existing literature on determinants 
of physical activity and sedentary behaviour in youth. As young adulthood is a 
turbulent period in which many life changes occur, in Chapter 3 we will focus on if 
and how the number and appraisal of life events in different domains (i.e., health, 
work, home/family, personal/social and finances) affect young adults’ physical ac-
tivity and sedentary behaviour. Chapter 4 and 5 then put the emphasis on identifying 
person-related determinants of physical activity in young adult participants of 
the AGAHLS and the ALSHW, respectively. The subsequent two chapters concen-
trate on person-related determinants of sedentary behaviour in Dutch (Chapter 6; 
AGAHLS) and Australian (Chapter 7; ALSWH) young adults. In Chapter 8, which is the 
last chapter of this thesis, the main findings are summarised and reflected upon, 
and practical implications and directions for future research are recommended.

So… buckle up!
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INTRODUCTION
Nowadays, ample evidence exists on the detrimental health effects of insufficient 
physical activity in youth [1-4]. Although not as extensive as evidence on physical 
activity, evidence on the harmful effects of sedentary behaviours is accumulating 
as well [5]. Physical (in)activity and sedentary behaviours ‘track’ from childhood 
into adulthood [6;7] meaning that children who are currently inactive and seden-
tary persist in such behaviours as they grow older. Numerous initiatives have been 
conducted to increase children’s time spent in physical activity and to decrease 
their sedentary time [8;9]. However, these programs have been shown to be only 
marginally effective, especially in the longer term [10;11].

The ecological health approach [12–14] supports the assumption that more atten-
tion should be paid to different types of correlates of behaviour (e.g., psychologi-
cal, environmental) during the development of interventions. As a consequence, 
recent reviews have tried to summarise correlates of physical (in)activity and 
sedentariness [15–20]. However, most of the research included in these reviews 
had cross-sectional designs, and the quality of these studies was not assessed.

This review elaborates on the reviews of Sallis et al [19] and Van der Horst et 
al [20] in which studies on biological, demographic, psychological, behavioural, 
social and physical correlates of physical activity, insufficient physical activity and 
sedentary behaviours were summarised. Based on the recommendations of Van 
der Horst et al [20] we added key words on sedentary behaviours (e.g., tele-
vision viewing, gaming) to the former literature search, and included studies with 
a longitudinal design only. Moreover, different from the review of Van der Horst et 
al [20] we also assessed the methodological quality of the included studies.

We aim to systematically review the determinants of physical (in)activity and 
sedentary behaviour in young people, taking into account the methodological 
quality of the studies.

METHODS
Selection of the literature
To assure a good fit to the search performed by Van der Horst et al [20] we perfor-
med a computerised search in two electronic databases (PubMed and PsycINFO) 
from April 2004 through November 2010. The search strategy was based on the 
former search of Van der Horst et al [20] and consisted of four elements: (a) age 
(e.g., child, youth); (b) physical (in)activity (e.g., exercise, inactivity); (c) sedentary 
behaviour (e.g., T V viewing, gaming); and (d) possible determinants of physical 
(in)activity and sedentary behaviour (e.g., demographic factors, social environ-
ment). Terms referring to these four elements were used as MESH headings and 
title words in both databases (see Appendix 1).
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ABSTRACT
Objective 
The aim of this systematic review was to summarise and update the existing 
literature on determinants of physical activity and sedentary behaviour in young 
people, considering the methodological quality of the studies.

Methods 
Prospective studies were identified from searches in PubMed and PsycINFO, from 
April 2004 through November 2010. The authors included studies investigating the 
association between determinants of overall physical (in)activity and/or sedentary 
behaviour in healthy children or adolescents. When a determinant was investiga-
ted for its association with physical (in)activity and sedentary behaviour assessed 
between ages of 4–12, or mean age ≤12, it was classified as ‘child determinant’. 
When a determinant was investigated for its association with physical activity and 
sedentary behaviour assessed between ages of 13–18 or mean age >12, it was 
classified as ‘adolescent determinant’. Included articles were scored on their 
methodological quality and a best-evidence synthesis was applied to summarise 
the results.

Results 
The authors identified 30 papers, of which seven were of high methodological 
quality. Intention was found as a determinant of children’s physical activity. 
Determinants of adolescents’ physical activity were age (i.e., older children were 
more active), ethnicity (i.e., being of African–American descent determined being 
less physically active) planning and past physical activity. The authors found 
insufficient evidence for determinants of sedentary behaviour.

Conclusion 
Studies on determinants of physical activity and sedentary behaviour were in 
general of poor methodological quality. To develop long-term effective inter-
ventions that increase physical activity and decrease time spent in sedentary 
behaviours in young people, we need more high quality prospective evidence on 
the determinants of these behaviours.
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Categorisation of variables
Determinants of physical (in)activity and sedentary behaviour were categorised into five groups:
a) Demographic and biological determinants (e.g., body mass index (BMI), 
 parent education);
b) Psychological determinants (e.g., attitude, intention);
c) Behavioural determinants (e.g., past physical activity, screen time viewing);
d) Social determinants (e.g., parental physical activity, social support);
e) Environmental determinants (e.g., weather conditions).

This categorisation was also used in previous studies [19;20] and is based on the 
ecological approach of determinants of health behaviour. Conceptually comparable 
determinants were combined (e.g., self-efficacy and perceived behavioural control). 
Determinants were grouped by age; when a determinant was investigated on its 
association with physical (in)activity and sedentary behaviour assessed between ages 
4 and 12, or mean age ≤12, it was classified as ‘child determinant’. When a determi-
nant was investigated on its association with physical activity and sedentary behaviour 
assessed between age 13 and 18 or mean age >12, it was classified as ‘adolescent 
determinant’. Subsequently, determinants were grouped by behaviour (physical (in)
activity or sedentary behaviour). We categorised determinants as showing a signifi-
cant positive (+), significant negative (−) or no significant (0) relationship with physical 
(in)activity or sedentary behaviour.

Some articles reported results separately by gender or age groups (e.g., age 13–14 
and 15–16) [21]. Other studies used different cohorts in their analyses and presented 
separate results [22]. Results for different time spans (e.g., associations between 
predictors measured at T1 and the outcome measure at T2, and associations between 
predictors measured at T2 and the outcome measure at T3) [23] were reported as 
well. Therefore, we decided to present the number of samples instead of studies that 
were associated with physical (in)activity and/or sedentary behaviour. This approach 
was consistent with earlier reviews on correlates of physical activity in children [19;20].

Methodological quality assessment
Two reviewers (LU and JN) independently scored the methodological quality of the in-
cluded articles using a 10-item criteria list, adapted from Ariëns et al [24]. The criteria 
list (Table 1) assessed the methodological quality in four dimensions; 1) study attrition 
and follow-up duration (three items); 2) assessment of determinants (two items); 
3) assessment of physical activity and/or sedentary behaviour (two items) and 4) data 
analysis (three items). Criteria had a positive (1), negative (0) or don’t know (?) answer 
format. If the study provided information on a quality item and met the criterion, we 
gave a positive score. If the study provided information on a quality item but did not 
meet the criterion, we gave a negative score. In case of no or insufficient information, 
we scored the quality item with a question mark. When an article referred to another 
study containing relevant information for scoring the quality items, the study of inte-
rest was retrieved. If the additional study did not provide the requested information, a 
question mark was given.

Inclusion criteria
To be included in the review, an article had to meet the following criteria:
a) Subjects were healthy children (age 4–12 years or mean age ≤12 years), or 

adolescents age 13–18 years or mean age >12) when physical (in)activity and/
or sedentary behaviour was measured;

b) The dependent variable was a measure of overall physical (in)activity, or a 
measure of sedentary behaviour assessed before the age of 18 years;

c) The determinants were tested for their association with the dependent 
 variable;
d) The study had a prospective design.

We only included full-text articles published after 2004 in the English language in 
peer reviewed journals. Studies reporting on the effects of an intervention were 
excluded. Additionally, studies that did not measure overall physical activity but 
rather used a certain type of physical activity as outcome measure (e.g., sports 
participation, light physical activity) were excluded from the review. Studies using 
a single item instrument to assess physical activity were excluded as well. 
Because of the limited number of prospective studies on sedentary behaviour, in 
contrast to the studies on physical activity, all articles that used sedentary beha-
viour as the outcome were included.

Selection process and data extraction
Two reviewers (LU and JN) independently screened a respective half of the yielded 
articles based on title and abstract. When an article seemed to fulfill all inclusion 
criteria, or if the title and abstract did not provide sufficient information, the full-
text article was obtained and checked. When one reviewer (LU or JN) could not 
decide on the inclusion of an article, the second reviewer was consulted. If the two 
reviewers (LU and JN) could not agree on the in- or exclusion of an article, a third 
author (MC) was asked for advice.

Two reviewers (LU and JN) extracted the following data from the identified studies:
a) Subject characteristics;
b) Follow-up time;
c) Measure of physical activity or sedentary behaviour;
d) Type of determinants;
e) Statistical analyses;
f) Statistical methods;
g) Results.

Because varieties of statistical techniques (e.g., regression, random coefficient 
models, latent growth modelling (LGM)) were used to evaluate the longitudinal 
relationships, and most studies reported the adjustments for other potential 
correlates investigated, only results from the final fully adjusted model are pre-
sented. Furthermore, this review only reports on direct relationships, excluding 
moderator and/or mediator effects.
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aRating of criteria: 1=yes; 0=no;?=unknown;
b1 is given only if attrition analyses were performed and results showed no significant 
differences between dropouts and follow-up participants;
c1 is given only if measures of determinants showed test-retest correlations of 
≥0.80 or κ/ICC ≥0.70. For biological/demographic variables, a 1 was given only if a standardised 
protocol was followed, and trained researchers assessed the determinants;
dExpressed as the number of cases in which the measurement of determinants were scored 1, 
divided by the total number of determinants measured in all studies;
e1 is given only if measures of determinants showed correlations of ≥0.80 or κ/ICC ≥0.70 with 
other similar constructs. For behavioural variables (i.e., past physical activity and past 
sedentary behaviour), a 1 was given only if variables were assessed with an objective 
measurement instrument (i.e., accelerometer/pedometer). For biological/demographic 
variables, a 1 was given only if a standardised protocol was followed, and trained researchers 
assessed the determinants.
f1 is given only if physical activity or sedentary behaviour was assessed with an objective 
measurement instrument (accelerometer/pedometer), or questionnaire with test-retest 
correlations of ≥0.80 or κ/ICC ≥0.70.
g1 is given only if physical activity or sedentary behaviour was assessed with an objective 
measurement instrument (accelerometer/pedometer), or validated questionnaire with 
correlations of ≥0.80 or κ/ICC ≥0.70, or a combination of accelerometer/pedometer and 
questionnaire.

Because several articles investigated multiple determinants (e.g., biological, 
psychological and social), criterion D and E were scored on a scale ranging 0–1. 
For example, if a study assessed four different types of determinants of which one 
was measured with a reliable tool, a score of 0.25 was given. We assessed the 
methodological quality score of each study by calculating the percentage of items 
that were scored positively, relative to the number of applicable quality items. If 
the quality score was ≥70% the study was considered to be of high methodological 
quality. A score <70% was considered as low quality.

Table 1. Quality criteria and overall positive scores on each item

Criteriaa

Studies 
with 
positive 
score (%)

Study attrition 
and follow-up 
duration

A Participation rate at baseline was at least 80% 13

B Response at first follow-up was at least 80%, or non selective non-
response during first follow-up measurement was determinedb 42

C Follow-up was at least one year 77

Assessment of 
determinants

D Determinants of physical activity or sedentary behaviour were 
measured with a reliable toolc 29d

E Determinants of physical activity or sedentary behaviour were 
measured with a valid toole 28d

Assessment 
of outcome 
measure

F Physical activity or sedentary behaviour was measured with a reliable 
toolf 23

G Physical activity or sedentary behaviour was measured with a valid 
toolg 16

Data analyses

H Results were presented as point estimates and measures of variability 
(standard deviation, confidence interval or standard error) 45

I Statistical analyses included possible confounders 87

J
The number of cases was at least 10 times the number of independent 
variables 100
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Figure 1. Flowchart of papers included in the present review

Subjects

First author (year) Country
Analysed 
subject size

Mean age/ 
age range 
at baseline
(years) %Female

Follow-
up 
period

Quality 
scorea 
(%)

Studies on child PA/SB

  Taylor (2009) [52] New Zealand 204 3 40 2 years 80

  Ball (2005) [35] Canada 135 8.2 50 1 years 70

  Hesketh (2007) [45] Australia 1278 5-10 51 3.2 years 70

  Mattocks (2008) [40] Great Britain 5451 0 52 11 years 70

  Pagani (2010) [36] Canada 1314 0.5 unknown 10 years 67

  Ziviani (2008) [46] Australia 22 6-8 59 2 years 60

  Bois (2005) [48] France 152 9.6 55 1 years 43

  Davison (2005) [27] US 173 9.3 100 1 years 40

  Rhodes (2006) [23] Canada 364 11.2 51 9 months 30

  Martin (2007) [28] US 475 10.4 51 6 months 20

Table 2. Characteristics of studies on determinants of physical activity and 
sedentary behaviour sorted by methodological quality score

Level of evidence
To synthesise the methodological quality of the studies, we applied a best-evidence 
synthesis [25;26] consisting of the following three levels:

- Strong evidence: provided by generally consistent findings in multiple (≥2) high 
quality studies;

- Moderate evidence: provided by generally consistent findings in one high quality 
study and one or more low quality studies, or in multiple (≥2) low quality studies;

- Insufficient evidence: only one study available or inconsistent findings in 
 multiple (≥2) studies.

We considered results to be consistent when at least 75% of the studies showed 
results in the same direction, which was defined according to significance (p<.05). If 
there were two or more studies of high methodological quality, we disregarded the 
studies of low methodological quality in the evidence synthesis. To test the stability 
of our conclusions based on the methodological quality assessment, we performed 
a sensitivity test after the final evidence synthesis, taking into account the high qua-
lity studies twice and low quality studies once. Results were again considered to be 
consistent when at least 75% of the studies showed results in the same direction.

RESULTS
The search in PubMed and PsycINFO yielded 9537 articles (see Figure 1). After 
excluding duplicates, non-English articles and articles that were only published as 
an abstract, we screened the title and abstract of 7781 papers. In total, 371 
full papers were obtained. Also, references of relevant reviews were manually 
searched, resulting in an additional 16 full papers. Eventually, 30 articles were 
identified as relevant for the review. None of these articles were included in the 
review of Van der Horst et al [20]. Table 2 provides an overview of the characteris-
tics of the included studies.

General findings
Nine [21;27–34] of the 30 articles were carried out in the US, six [23;35–39] in 
Canada, five [40–44] in Great Britain, three [45–47] in Australia and one in each of 
France [48], the Netherlands [49], Estonia [50], Sweden [51], and New Zealand [52], 
respectively. Two papers reported results of multiple countries, one paper from 
Poland and China [22] and one from Great Britain, Hungary, Greece, Estonia and 
Singapore [53]. Ten studies [23;27;28;35;36;40;45;46;48;52] investigated determi-
nants of physical activity and/or sedentary behaviour in children; 18 [22;29–34;37–
39;41–44;49–51;53] focused on determinants of physical activity and/or sedentary 
behaviour in adolescents; and two [21;47] studies examined both age groups. 
Twenty-two articles [21–23;28–35;37–41;44;48–51;53] examined only determinants 
of physical activity and five articles [27;36;42;43;45] only determinants of sedentary 
behaviour. Three articles [46;47;52] examined determinants of both physical activity 
and sedentary behaviour. There were no studies that focused on determinants of 
physical inactivity or insufficient physical activity.

PA=physical activity
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Methodological quality assessment
Scoring the quality of the 30 studies led to a disagreement between the reviewers of 
approximately 20%. All disagreements were discussed and resolved. When required, a 
third author (MC) was asked for advice. The methodological quality score ranged from 
20% [28;44;49;53] to 80% [47;52]. Seven of the 30 included papers had a quality score 
≥70% [35;37;38;40;45;47;52] and were thus considered as being of high methodolo-
gical quality. Only four articles (13%) reported a participation rate at baseline ≥80% 
[36;38;40;51].

As has been previously mentioned, several articles investigated more than one deter-
minant. To assess the proportion of reliable and valid measurements, we calculated 
the number of times the determinant groups were measured with a reliable and valid 
tool relatively to the total number of determinant groups that were measured in all 
studies. In 29% of the cases, the use of a reliable tool (item D) was reported. Use of a 
valid tool (item E) for assessing determinants was reported in 28% of the cases. Seven 
[35;40;41;46;47;51;52] and five [40;46;47;51;52] articles, respectively, used a reliable 
(item F) or valid (item G) tool for measuring physical activity or sedentary behaviour.
Table 1 presents the quality criteria and the percentage of studies scoring positive per 
item. The full methodological quality scoring of the included studies is presented in 
Table 3.

Table 2. Characteristics of studies on determinants of physical activity and 
sedentary behaviour sorted by methodological quality score (Continued)

PA, physical activity; SB, sedentary behaviour;
aQuality score=% of positive ratings with respect to the total number of relevant items.

Studies on both child and 
adolescent PA/SB

  
Ball (2009) [47] Australia 542 5-12 53 3 years 80

Madsen (2009) [21] US 2379 9.5 100 10 years 45

Studies on adolescent PA/SB

  Bélanger (2009) [37] Canada 1293 12.8 53 5 years 70

  Carrière (2005) [38] Canada 1439 15-17 unknown 2 years 70

  Knowles (2009) [41] Great Britain 150 11.8 100 1 years 65

  Raustorp (2007) [51] Sweden 97 12.7 53 5 years 60

  Dowda (2007) [29] US 421 13.6 100 3 years 46

  Dishman (2009) [30] US 195 13.6 100 5 years 40

  Iannotti (2005) [31] US 165 4.4 unknown 13 years 40

  Van Jaarsveld (2007) [42] Great Britain 5229 11 43 5 years 40

  Murdey (2005) [43] Great Britain 83 10-15 48 1 years 40

  Taveras (2007) [32] US 10856 9-15 59 4 years 40

  Kahn (2008) [33] US 12812 11.5 56 3 years 30

  Luszczynska (2010, c1) [22] China 534 13.8 54 4 weeks 30

  Luszczynska (2010, c2) [22] Poland 620 16.5 62 10 weeks 30

  Motl (2005) [34] US 633 13.5 100 1 years 30

  Raudsepp (2010) [50] Estonia 236 12.7 100 1 years 30

  Crocker (2006) [39] Canada 501 14-15 100 3 years 25

  De Bruijn (2006) [49] Netherlands 221 15.1 60 4 months 20

  Dombrowski (2009) [44] Great Britain 155 14.6 72 10 days 20

  Hagger (2007) [53] Great Britain, 
Hungary, 
Greece, 
Estonia, 
Singapore

1218 13 54 5 weeks 20

Subjects

First author (year) Country
Analysed 
subject size

Mean age/ 
age range 
at baseline
(years) %Female

Follow-
up 
period

Quality 
scorea 
(%)
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A, participation rate baseline ≥80%; B, participation at follow-up ≥80%; C, follow-up at least 
1 year; D, determinants measured with reliable tool; E, determinants measured with valid 
tool; F, physical activity/sedentary behaviour measured with reliable tool; G, physical activi-
ty/sedentary behaviour measured with valid tool; H, data presented with CI; I, controlled for 
confounding; J, number of samples at least 10 times number of independent variables; 
aLuszczynska et al (2010) reported on two different cohorts; reported on here as c1 and c2.

Determinants of physical activity
Based on two low quality studies, we found moderate evidence for a significant posi-
tive relationship between intention and physical activity in children (Table 4). One high 
quality and one low quality study showed a significant positive relationship between age 
and adolescent physical activity (the older the participants, the higher their physical 
activity level), providing moderate evidence. We also concluded moderate evidence for 
a significant negative relationship between ethnicity (being of African–American race) 
and physical activity based on two low quality studies. Based on multiple low quality 
studies we concluded moderate evidence for a significant positive relationship between 
planning and past physical activity, respectively, and physical activity in adolescents 
(Table 4).

Determinants of sedentary behaviour
For all determinants of sedentary behaviour we concluded insufficient evidence for 
both children and adolescents (Table 5). The two most frequently studied types of 
sedentary behaviour in children were TV viewing and gaming. In adolescents, research 
mainly focused on sedentary behaviour in general. Biological/demographic determi-
nants of sedentary behaviour were most frequently investigated in multiple samples.

The sensitivity test, taking into account the high quality studies twice and low quality 
studies once, did not change our conclusions. However, additional strong evidence was 
found for a positive association between being male and adolescent physical activity 
and BMI and child sedentary behaviour.

A total of 57 assessed determinants were investigated in one sample only: 35 regarding 
child physical activity, 18 regarding adolescent physical activity, and four regarding child 
sedentary behaviour [27;28;32;35–37;40;45–48] (Table 6). Based on the principles of evi-
dence synthesis we could only conclude insufficient evidence for those determinants. 
For the sake of readability they were excluded from Tables 4 and 5. Results from two 
high quality studies [35;37] and one low quality study [41] are not reported.

First author (year) A B C D E F G H I J
Quality
score

Taylor (2009) [52] 0 1 1 1 1 1 1 0 1 1 80%

Ball (2009) [47] 0 0 1 1 1 1 1 1 1 1 80%

Ball (2005) [35] 0 1 1 1 1 1 0 1 0 1 70%

Bélanger (2009) [37] 0 1 1 1 1 0 0 1 1 1 70%

Carrière (2005) [38] 1 1 1 0.50 0.50 ? ? 1 1 1 70%

Hesketh (2007) [45] 0 1 1 1 1 ? ? 1 1 1 70%

Mattocks (2008) [40] 1 ? 1 ? ? 1 1 1 1 1 70%

Pagani (2010) [36] 1 1 1 0.33 0.33 ? ? 1 1 1 67%

Knowles (2009) [41] ? 1 1 0 0.50 1 0 1 1 1 65%

Raustorp (2007) [51] 1 0 1 ? ? 1 1 1 0 1 60%

Ziviani (2008) [46] ? ? 1 1 1 1 1 0 0 1 60%

Dowda (2007) [29] ? 0 1 0.33 0.33 ? ? 1 1 1 47%

Madsen (2009) [21] 0 1 1 0.25 0.25 ? 0 0 1 1 45%

Bois (2005) [48] ? ? 1 1 0.33 0 0 0 1 1 43%

Dishman (2009) [30] ? 0 1 ? ? ? ? 1 1 1 40%

Ianotti (2005) [31] 0 1 1 ? ? 0 0 0 1 1 40%

Van Jaarsveld (2007) [42] ? ? 1 0 ? ? ? 1 1 1 40%

Davidson (2005) [27] ? 1 1 ? ? ? ? 0 1 1 40%

Murdey (2005) [43] ? ? 1 0.50 0.50 ? ? 0 1 1 40%

Taveras (2007) [32] 0 0 1 ? ? ? ? 1 1 1 40%

Kahn (2008) [33] 0 1 1 ? ? ? ? 0 ? 1 30%

Luszcynska (2010, c1)a [22] ? 1 0 ? ? ? ? 0 1 1 30%

Luszcynska (2010, c2)a [22] ? 0 0 ? ? ? ? 1 1 1 30%

Motl (2005) [34] 0 0 1 0 0 0 0 0 1 1 30%

Raudsepp (2010) [50] ? ? 1 ? ? 0 0 0 1 1 30%

Rhodes (2006) [23] 0 1 0 ? ? ? ? 0 1 1 30%

Crocker (2006) [39] ? 0 1 0 0 0 0 0 1 1 25%

De Bruijn(2006) [49] ? 0 0 ? ? ? ? 0 1 1 20%

Dombrowski (2009) [44] ? 0 0 ? ? 0 0 0 1 1 20%

Hagger (2007) [53] ? 0 0 ? ? ? ? 0 1 1 20%

Martin (2007) [28] ? ? 0 ? ? ? ? 0 1 1 20%

Table 3. Methodological quality rating of the included studies sorted by quality score

Criteria
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Psychological

  Intention 2 [[50]s G], [[53]s] + 3
[[22]s c1 and c2], 
[[44]s]

2/5 ?

  Attitudes 0 2 [[33]s], [[53]s] ?

  Athletic competence 2
[[21]s G (15-16y, 
17-18y)]

+ 1 [[21]s G (13-14y)] 2/3 ?

  Prefer sedentary activities 2
[[21]s G (13-14y, 
15-16y)]

- 1 [[21]s G (17-18y)] 2/3 ?

  Rather do other things 3 [[21]s G (all ages)] - 0 3/3 ?

  Boys better at activity 1 [[21]s G (17-18y)] - 2
[[21]s G (13-14y, 
15-16y)]

1/3 ?

  Exercise controls weight 0 3 [[21]s G (all ages)] ?

  Perceived behavioural   
  control

4 [[22]s (c2)], [[29]s G 
2xb] [[50]s G]

+ 2 [[30]s G], [[53]s] 4/6 ?

  Planning 2 [[22])s (c2)], [[44]s] + 0 2/2 +

  Perceived parent activity 3 [[21]s G (FPA 15-16y, 
17-18y)], [21]s G (MPA 
13-14y)]

+ 3 [[21]s G (FPA 13-
14y)], [[21]s G (MPA 
15-16y, 17-18y)]

3/6 ?

Behavioural

  Past physical activity 9 [[22]s (c1 and c2)], 
[[31]o&s],[[34]s 
G], [[39]s], [[44]s], 
[49s],[50]s G], 

+ 0 9/9 +

  Screen time 1 [[21]s G (17-18y)] - 2
[[21]s G (13-14y, 
15-16y)]

1/3 ?

Social

  Parent activity 0 2 [[31]o], [[33]s MPA] ?

  Exercise with parent 1 [[21]s G (13-14y)] + 2
[[21]s G (15-16y, 
17-18y)]

1/3 ?

Table 4. Summary of prospective studies on determinants of physical activity 
in children and adolescents (Continued)

+, positive association; −, negative association; ?, insufficient evidence for an association; References 
in bold, high quality study; B, boy, FPA, physical activity father;G, girl (studies reporting on boys and 
girls separately provided 2 samples, the sample includes both genders in case no B or G is stated); 
LoE, level of evidence; o, objectively measured physical activity; MPA, physical activity mother; s, 
subjectively measured physical activity; 
aLuszczynska et al (2010) reported on two different cohorts; reported on here as c1 and c2; 
bDowda et al (2007) reported on self-efficacy and perceived behavioural control separately, reported 
on here as 2 separate samples;

# 
samples 
showing 

asso-
ciation

LoE

# samples References
Asso-
ciation

# sample References + -

Children

Biological, 
demographic

  Age 1 [[46]s] - 0 1/2 1/2 ?

1 [[48]s] +

  Gender (male) 1 [[28]s] + 2 [[48]s],[[52]o] 1/3 ?

Parent education 
(more)

1 [[47]s G] - 5
[[21]s G] [[47]o B, 
G], [[47] s B]

1/6 ?

Psychological

  Intention 2 [[23]s], [[28s] + 0 2/2 +

Perceived 
behavioural control

1 [[23]s (T2-T3)] + 2
[[23])s (T1-T2)], 
[[28]s]

1/3 ?

Behavioural

 Past physical
 activity

1 [[23]s] + 1
[[40]o (measured at 
6 months)]

1/2 ?

 Screen time 2 [[21]s G], [[40]o 
(measured at 54 
months)]

- 1 [[40]o (measured at 
38 months)]

2/3 ?

Social

  Parent activity 4 [[21]s (MPA) G], 
[[40]o, [[48]s (MPA)], 
[[52]o (FPA)] 

+ 3 [[21]s G (FPA)], [[48]
s (FPA)], [[52]o 
(MPA)]

4/7 ?

Adolescents

Biological, 
demographic

  Age 2 [[38]s], [[33]s] + 0 2/2 +

  Time 1 [[51]o B] - 1 [[51]o G] 1/2 ?

  Gender (male) 2 [[22]s c2a], [[38]s] + 1 [[33]s] 2/3 ?

  Ethnicity   
(African-American 
race)

4 [[21]s G (all ages)], 
[[29]s G]

- 0 4/4 -

  BMI/skin folds 1 [[21]s G (15-16y)] - 3
[[21]s G (13-14y, 
17-18y)], [[33]s]

1/4 ?

  Parent education 3 [[21]s G (all ages)] + 4 [[47]o&s B, G] 3/7 ?

Associated with physical activity Not associated with 
physical activity

Table 4. Summary of prospective studies on determinants of physical activity 
in children and adolescents

# 
samples 
showing 

asso-
ciation

LoE

# samples References
Asso-
ciation

# sample References + -

Associated with physical activity Not associated with 
physical activity
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# 
samples 
showing 

asso-
ciation

LoE

# samples References
Asso-
ciation

# sample References + -

Children

Biological, demographic

Gender (male) 1 [[36]s (gaming)] + 1 [[36]s (TV viewing)] 1/2 ?

Parent education 
(more)

2 [[36]s (TV viewing)], 
[[47]o B (TST)] 

- 3 [[47]s B, G (TV/video 
viewing)],[[47]o G, 
(TST)]

1/6 2/6 ?

1 [[36]s (gaming)] + 0

BMI 1 [[45]s (screen time)] + 2 [[36]s (TV viewing, 
gaming)]

1/3 ?

Family makeup (single 
parent)

1 [[36]s (TV viewing)] + 1 [[36]s (gaming)] 1/2 ?

Psychological

  Emotional distress 1 [[36]s (gaming)] + 1 [[36]s (TV viewing)] 1/2 ?

  Temperament 0 2 [[36]s (TV viewing, 
gaming)]

?

  Cognitive ability 0 2 [[36]s (TV viewing, 
gaming)]

?

  Impulsivity 0 2 [[36]s (TV viewing, 
gaming)]

?

Behavioural

Physical aggression 0 2 [[36]s (TV viewing, 
gaming)]

?

Hours of sleep 0 2 [[36]s (TV viewing, 
gaming)]

?

Social

Parent TV viewing 
behaviours

1 [[27]s G (mother, TV 
viewing)] 

+ 1 [[27]s G (father, TV 
viewing)]

1/2 ?

Family functioning 0 2 [[36]s (TV viewing, 
gaming)]

?

Adolescents

Biological, demographic

  Parent education 0 4 [[47]o B, G (TST)], 
[[47]s B, G (TV/video 
viewing)]

?

  % body fat 1 [[43]s G (STwknd)] + 2 [[43]s B, G (STwk)] 1/3 ?

# 
samples 
showing 

asso-
ciation

LoE

# samples References
Asso-
ciation

# sample References + -

Pubertal status 
(change)

1 [[43]s B (STwk)] + 2 [[43]s B, G 
(STwknd)]

1/3 ?

Pubertal timing (early) 2 [[42]s B, G (school 
year 7,screen time)]

+ 0 2/3 1/3 ?

1 [[42]s G (school year 
11, screen time)]

-

 

Associated with physical activity Not associated with 
physical activity

Table 5. Summary of prospective studies on determinants of sedentary behaviour 
in children and adolescents (Continued)      

+, positive association; −, negative association; ?, insufficient evidence for an association; Referen- 
ces in bold, high quality study; B, boy; G, girl (studies reporting on boys and girls separately 
provided two samples, the sample includes both genders in case no B or G is stated); LoE, 
level of evidence; o, objectively measured sedentary behaviour; s, subjectively measured 
sedentary behaviour; STwk, total sedentary time on week-days; STwknd, total sedentary time 
on weekend-days; TST, total sedentary time per week; TV, television.

Associated with physical activity Not associated with 
physical activity

Table 5. Summary of prospective studies on determinants of sedentary behaviour 
in children and adolescents

Chapter 2
Determinants of physical activity and sedentary behaviour in young 

people: a review and quality synthesis of prospective studies



  
  

42 43

DISCUSSION
This review aimed to summarise and update the existing literature on determinants of 
physical activity and sedentary behaviour in young people, considering the methodolo-
gical quality of the included studies.

The majority of the articles focused on biological/demographic, psychological, beha-
vioural and social determinants of physical activity. However, due to the large variety 
of determinants that were investigated, we concluded sufficient evidence for only few 
determinants of physical activity. With regard to sedentary behaviour, prospective re-
search was scarce, especially in adolescents. Again, because most determinants were 
studied only once, we concluded insufficient evidence for determinants of sedentary 
behaviour. Overall, few studies focused on environmental determinants of physical 
activity and sedentary behaviour. The review of Ferreira et al [18], in which 
environmental determinants of physical activity were established, confirms that little 
prospective research on this relationship has been conducted.

We found moderate evidence for intention as a determinant of children’s physical 
activity, and age (i.e., older children were more active), ethnicity (i.e., being of African–
American descent determined being less physically active), planning and past physical 
activity as determinant of adolescent physical activity. Van der Horst et al [20] and Sallis 
et al [19] did not include articles that assessed the association between intention and 
child physical activity, or planning and adolescent physical activity. In addition, Van 
der Horst et al [20] found insufficient evidence for age as a determinant of adolescent 
physical activity, while the review of Sallis et al [19] reported a negative (i.e., younger 
children were more active) association between age and physical activity in adoles-
cents. Van der Horst et al [20] found insufficient evidence for ethnicity as a determinant 
of physical activity, although Sallis et al [19] reported a positive association between 
being of Euro-American race and physical activity in adolescents. Overall, the majority 
of the findings of the former reviews were not similar to our results. Moreover, few de-
terminants that were included in the previous two reviews were also investigated in the 
studies included in the current review. In addition, we only included prospective studies, 
further complicating comparison of results between these three reviews.

Methodological quality
The overall quality of the included studies was poor to moderate, with only seven out 
of 30 studies scoring ≥70%. The strengths of the included studies were the follow-up 
period, the number of cases relative to the number of variables (i.e., the majority of the 
studies had a large sample size), and the inclusion of confounders in statistical ana-
lyses. The most common shortcomings in the methodological quality of the included 
studies were the lack of valid and reliable measures of both determinants and outcome 
measures (i.e., physical activity and sedentary behaviour). Few studies [40;46;47;51;52] 
provided information on both the validity and reliability of their measures. The provided 
information on reliability and validity was often not accessible through the provided re-
ferences, or was not relevant (e.g., the validation study was performed in middle-aged 
men). 

Table 6. Determinants that were reported on in only one study sample (insufficient evidence)

Child physical activity Adolescent physical activity Child sedentary behaviour

Biological, demographic Biological, demographic Biological, demographic

  Ethnicity   Household income   Overweight/obese

  BMI/skinfolds Psychological Behavioural

  Weight status   Subjective norms   Watching TV

  At risk of overweight   Self esteem Social

  Birth weight   Perceived body attractiveness   Parents use of TV as recreation

  Ponderal index   Perceived physical condition   Parenting practices

  Head circumference   Perceived physical strength

  Crown-heel length   Conditioning

  Gestation Behavioural

  Season of birth   Pervious training behaviour

  Parity (being first child)   Substance use

  Breast fed at 6 months   Change in TV watching

  Maternal age at birth   Weekly hours working

  Maternal BMI Social

Maternal brisk walking and swimming 
during pregnancy (2)

Family support  

Change in social support

Maternal and partner’s smoking status 
during pregnancy (2)

  Perceived parental attitude 

Environmental

  Parent is with partner at 8 months   Environmental barriers

Psychological   Winter season

  Attitude   Poor weather

  Sport competence

  Exercise controls weight

  Boys better at activity

  Rather do other things

  Prefer sedentary activities

  Subjective norm

Behavioural

  Time spend outside at 24, 38, and 53 months (3)

  Time awake

  Time sleeping at 30 months

  Motor coordination

Social

  Exercise with parent

  Fathers perception of child’s competence

  Parent activity at 21 months

All determinants of adolescent sedentary behaviour were reported on in more than one study 
sample; TV, television; Italic numbers indicate the presence of multiple determinants.
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CONCLUSION
Few high methodological quality studies on determinants of physical activity and 
sedentary behaviour have been conducted. Studies performed in this area are hetero-
geneous regarding the determinants and measures of physical activity and sedentary 
behaviour. To develop long-term effective interventions that increase physical acti-
vity and decrease time spent in sedentary behaviours in young people, we need more 
high-quality evidence on the determinants of these behaviours.
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For the majority of studies, we had to check other articles on the reliability and validity 
of the measurement instrument [54] than was referred to in the initial paper. Due to our 
strict definitions of reliable and valid measurement instruments, few studies received 
a positive score on the reliability/validity of determinants. We encourage the develop-
ment and use of reliable and valid measures of both determinants as well as outcome 
measures, an area in which there is still a lot to gain.

For future research we recommend:
a) To focus on determinants of child and adolescent sedentary behaviour;
b) To focus on environmental determinants of physical activity in both children and 

adolescents;
c) To use reliable and valid measures of both determinants as well as the actual 
 behaviours;
d) To conduct prospective studies of high methodological quality.

Strengths and limitations
The major strength of the review is the quality assessment of the included studies. 
Also, because it was limited to prospective studies, we were able to report on longitu-
dinal relationships and not only on cross-sectional associations. We also extended our 
search with specific keywords on sedentary behaviour which resulted in an overview 
of determinants of sedentary behaviour. However, a few limitations should be mentio-
ned. First, because we used two databases for our computerised search, we may have 
missed potentially relevant articles that were only available in other databases. Never-
theless, because there is considerable overlap between electronic databases and we 
also manually searched for potential relevant articles, we are confident that the use of 
additional databases would have only yielded few new articles. Second, we excluded all 
non-English studies and this may have biased our results. Third, because of the large 
number of studies using physical activity as their outcome measure, we included only 
studies using overall physical activity. Hence, possible differences in associations with 
various specific sub-behaviours (e.g., moderate physical activity, sports participation) 
were not established. Fourth, although two reviewers rated the articles independently, 
the scoring may have been biased by subjectivity. However, we performed a sensitivity 
test in order to test the stability of our conclusions, which remained similar (except for 
additional strong evidence for a positive association between gender (being male) and 
adolescent physical activity, and BMI and child sedentary behaviour). Finally, as we did 
not contact authors to gain more information on insufficiently described quality items, 
we may have scored a quality item with a question mark, although additional infor-
mation could have been available elsewhere. However, experience has taught us that 
if information is available, authors will report on it in their article or refer to another 
article containing the relevant information.
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Appendix 1. Search strategy PubMed

(child[mesh] OR adolescent[mesh] OR youth[ti] OR child*[ti] OR young*[ti] OR 
teenage*[ti] OR adolescen*[ti] OR preschool*[ti])

AND

(physical activity[ti] OR physical activity[mesh] OR physical fitness[ti] OR physical fit-
ness[mesh] OR exercise[mesh] OR exercise[ti] OR physical inactivity[ti] OR sedentary[ti] 
OR “Leisure Activities”[MeSH:NoExp] OR “Leisure Activities/psychology”[MeSH:NoExp] 
OR “Television/utilization”[Mesh:NoExp] OR “Mass Media/utilization”[Mesh:NoExp] OR 
“Multimedia/utilization”[Mesh:NoExp] OR “Audiovisual Aids/utilization”[Mesh:NoExp] 
OR “Play and Playthings”[Mesh] OR relaxation[mesh] OR Recreation[mesh] OR “enter-
tainment media”[ti] OR “media use”[ti] OR “media exposure”[ti] OR “small-screen re-
creation”[ti] OR “active behaviour”[ti] OR “active behavior”[ti] OR “active behaviours”[ti] 
OR “active behaviors”[ti] OR “inactive behaviour”[ti] OR “inactive behavior”[ti] OR 
“inactive behaviours”[ti] OR “inactive behaviors”[ti] OR “sedentariness” [ti] OR “seden-
tarism” [ti] OR “sedentary behavior”[ti] OR “sedentary behaviour”[ti] OR Sitting[ti] OR 
Leisure time[ti] OR Film*[ti] OR Digital video[ti] OR Gaming[ti] OR Computer use[ti] OR 
Chatting[ti])

AND

(behavior[mesh:noexp] OR Habits[MeSH:NoExp] OR child behavior[mesh] OR adoles-
cent behavior[mesh] OR health behavior[mesh:noexp] OR social behavior[mesh] OR 
mental processes[mesh] OR “Health Knowledge, Attitudes, Practice”[MeSH] OR “Atti-
tude to Health”[MeSH] OR Exercise/psychology [MeSH] OR “Social Environment”
[MeSH] OR “self efficacy”[MeSH] OR parenting [MeSH] OR “life style”[MeSH:NoExp]) OR 
(Emotional factor*[ti] OR Demographic factor*[ti] OR biological factor*[ti] OR determi-
nant*[ti] OR correlate*[ti])

NOT exercise therapy[mesh] NOT rehabilitation[sh] NOT Health Behavior/ethno-
logy[mesh] NOT Motor Activity/physiology[mesh] NOT Cardiovascular Diseases/
epidemiology[mesh]
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INTRODUCTION
In modern societies, the median age for taking on the responsibilities of adulthood has 
shifted to the mid-twenties or early thirties [1]. Whereas previous generations had al-
ready reached stable life circumstances by the time they turned thirty, men and women 
around that age today still face radical life changes (or life events) regarding residence, 
marriage, family, and work [1].

Results from a systematic literature review on the association between life events and 
change in leisure time physical activity, suggest that specifically in young adult women, 
leisure time physical activity decreases when they get a job or change work conditi-
ons, change from living alone to cohabiting, get married, or have a child [2]. Although 
results have been less conclusive for men, for both men and women it is assumed that 
experiencing multiple simultaneous events -which is not uncommon in young adult-
hood- has an adverse effect on physical activity participation [2]. Similar to physical 
inactivity [3], sedentary behaviour (e.g., TV viewing, computer use, total screen time, 
motorised transport), is a health behaviour that is considered harmful for individual’s 
health [4]. Yet, life event-related research has not examined whether sedentary behavi-
our is associated with life events.

In contrast to the assumption that any life event no matter the emotional tone, would 
negatively affect health outcomes [5], it is argued that the effects of life events vary 
depending on the meaning of the events to the individual [6]. In the Amsterdam Growth 
and Health Longitudinal Study (AGAHLS), young adults provided information on the 
number and the subjective appraisal of life events and reported their physical activity 
and screen time over several years [7]. Besides, life events that are usually considered 
as ‘minor’ (also referred to as daily hassles) like conflicts with colleagues, misbehaving 
children, being displeased about personal appearance, and being laughed at, were as-
sessed in the AGAHLS. Daily hassles have been examined seldom while they may have 
a greater influence on health and health-related behaviour than major life events [8] 
because they generate a constant source of stress.

The AGAHLS thus offers the opportunity to study the longitudinal associations between 
daily hassles, life events, physical activity and screen time in a young adult population, 
and as such address some of the gaps in life event-related research. 

The aims of the present study are therefore to examine the following:
1.  What is the association between the number and the subjective appraisal of daily 

hassles and young adults’ physical activity behaviour and screen time?
2.  What is the association between the number and the subjective appraisal of 
 (different types of) life events and young adults’ physical activity behaviour and 

screen time?

ABSTRACT
Background 
Young adults face radical life changes regarding residence, marriage, family and work 
that may negatively impact their health behaviours. Therefore, we investigated the 
association of the number of daily hassles and life events and their subjective appraisal 
with physical activity and screen time in young adulthood.

Methods 
Data came from participants of the Amsterdam Growth and Health Longitudinal Study 
(AGAHLS). Self-reported physical activity (min/wk) was used from wave 6 (1991; mean 
age 27), wave 7 (1993; mean age 29), wave 8 (1996/1997; mean age 32) and wave 9 
(2000; mean age 36). Self-reported screen time (h/wk) was assessed in waves 8 and 
9. The number and the appraisal of daily hassles and major life events were asses-
sed with the Everyday Problem Checklist and Life Events List, respectively (including 
five life event domains, i.e.: health, work, home/family, personal/social relations, and 
finances). The final sample included 474 participants for the physical activity analyses 
and 475 participants for the screen time analyses. To test the longitudinal associations 
of daily hassles and life events with physical activity and screen time, univariable and 
multivariable Generalised Estimating Equations were performed. Effect modification by 
gender was tested.

Results 
Physical activity levels were higher in those who had experienced more daily hassles. 
People who reported higher subjective appraisal in the work and finances life event 
domains also had higher levels of physical activity, although only the subjective 
appraisal in the finances domain remained significant in the multivariable model. 
No significant associations between number and subjective appraisal of daily hassles 
and life events and screen time were observed.

Conclusion 
The occurrence of specific life events may be more influential for people’s physical 
activity behaviour than their respective sum or emotional tone. Still, the assessment of 
daily hassles may be a relevant addition in this research field. Finally, we suggest that 
daily hassles and life events are less important for explaining screen time behaviour 
than for physical activity.
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three months: organised sports, unorganised sports and other leisure-time activities, 
transportation to and from work, physical exertion at work, and stair walking. The total 
time spent on all these daily physical activities (min/wk) was calculated and used for 
the current analyses.

Screen time was assessed using the following questions:
1)  When thinking about the previous three months, how many hours per week on aver-

age have you been watching TV during leisure: (i) during the week and; (ii) during the 
weekend?;

2)  When thinking about the previous three months, how many hours per week on aver-
age have you spent behind the computer during leisure: (i) during the week and; 

 (ii) during the weekend?
 
Total screen time (h/wk) was used for current analyses and was calculated by summing 
TV and computer time during week and weekend.

Daily hassles and life events
Daily hassles were assessed using the Everyday Problem Checklist (EPC) [13], which 
covers 114 items referring to small, day-to-day irritations experienced during the past 
two months. Participants rated each item on a 4-point scale ranging from 0 (‘I do not 
mind at all’) to 3 (‘I do mind a lot’). From the EPC, two scores were derived i.e., (1) the 
total number of daily hassles experienced and (2) a summation of the individual item 
scores, reflecting the total subjective appraisal of daily hassles. The EPC was shown 
to have a good test-retest reliability for number (r=.87), intensity (r=.85) and total score 
(r=.85), and was found to be moderately positive associated with distress in a general 
population [14]. 

Life events were assessed using the Life Events List (LEL) -a translated (into Dutch) 
version of the Life Events Survey of Sarason, Johnson and Siegel [15]. Test-retest 
reliability of the original LEL was evaluated, and the LEL was found to be a moderately 
reliable instrument for assessing life events [15]. The LEL covers 90 possible life event 
items in five domains i.e., health (8 items), work (15 items), home/family (38 items), 
personal/social relations (23 items), and finances (6 items). Participants rated each 
item on a 7-point scale ranging from 1 (very positive) to 7 (very negative), and were 
asked to indicate life events experienced during the past year. From the LEL, two main 
scores were derived i.e., (1) a score based on the total number of life events experi-
enced, and (2) a score which expressed the total subjective appraisal of experienced 
life events. Not applicable life events and events that were experienced as ‘having no 
influence’ were scored 4. For each of the 5 domains, we calculated the total number of 
experienced life events, and participants’ subjective appraisal. As the created EPC and 
LEL scores had either small or wide response ranges, for each variable one step on the 
scale was defined as 10% of the total scale range of that respective variable.

METHODS
Study design and participants
Data of this study come from the AGAHLS. This is an observational longitudinal study, 
which started in 1976/1977 with monitoring growth, health, and lifestyle in approxima-
tely 600 13-year old healthy adolescents attending secondary school in the 
Netherlands. The study rationale, recruitment procedures and protocol have been 
reported in detail elsewhere [9,10]. In the 30 years after the baseline measurement, 
nine measurement waves followed. The last (i.e., the 10th) measurement wave was 
conducted in 2006, at the age of 42 years.

In the AGAHLS, not all measures were consistently assessed at each wave. For the cur-
rent study we therefore used two samples of subjects; one sample for physical activity 
and one for screen time (see Figure 1). The ‘physical activity sample’ included subjects 
who had provided data on life events, daily hassles and physical activity from wave 6 
(1991) to wave 9 (2000) on at least one occasion. This sample comprised 474 subjects. 
Because screen time was only measured during wave 8 and 9, the ‘screen time sample’ 
included subjects who had provided data on life events, daily hassles and screen time 
from wave 8 (1996/1997) and wave 9 (2000) on at least one occasion. This sample com-
prised 475 subjects.
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Tabel 2

1991 1993 1996/97 2000

Physical activity 
sample

42 42 42 42

Screen time 
sample

20 20

1991 1993 1996/97 2000

Physical activity sample Screen time sample

Figure 1. Graphic presentation of the two samples that were used in this study. Both 
dependent and independent factors were measured at the respective waves

Physical activity and screen time
Physical activity was measured by means of a semi-structured interview developed 
specifically for the AGAHLS [11]. Details on this measurement instrument have been 
reported before [12]. In brief, the interview covered the following activities over the past 
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Calendar age in years (year of measurement)

27
(1991)

29
(1993)

32
(1996/1997)

36
(2000)

n=180 n=164 n=431 n=400

Gender (% men) 46 47 47 47

Daily hassles

Total number of daily hassles during the past 
two months

  Median 17 15 16 26

  Overall range 0-114 2-71 1-114 0-92

Total appraisal of daily hassles during the past 
two months

  Median 21 18 19 27

  Overall range 0-112 1-158 0-112 0-142

Life events

Total number of life events during the past year

  Median 16 12 12 11

  Overall range 0-86 0-33 0-89 0-41

Total appraisal of life events during the past year

  Median 349 355 356 356

  Overall range 315-419 287-382 310-443 314-409

Physical activity (min/wk)

Median 399 376 427 657

Interquartile range 417 327 382 620

Screen time (h/wk)

Mean (sd) 16(9) 17(9)

The most frequently reported life events in the personal/social domain included; 
holiday’s, change in social activities, realisation of an important personal goal, 
and making an important decision concerning the near future. Finally, in the 
financial domain improvement in one’s financial situation, realising a long-saved 
purchase, and lending a large amount of money, were most frequently reported 
across all ages.

Table 1. Life events, daily hassles, physical activity and screen time in 
AGAHLS participants over time

Statistical analysis
To study longitudinal associations of daily hassles and life events with physical ac-
tivity and screen time, we first conducted linear Generalised Estimating Equations 
(GEE) analyses with daily hassle and life event parameters as independent and 
physical activity and screen time as dependent variables. Subsequently, we per-
formed multivariable GEE analysis including all independent variables, excluding 
the total number and the subjective appraisal of experienced life events. Indepen-
dent variables with the highest p value were removed from the model stepwise 
until only variables with p<.05 remained. All analyses were adjusted for age and 
gender. In addition, we evaluated possible effect modification by gender (p<.05). 
As physical activity levels were not normally distributed, a successful log transfor-
mation was performed. Screen time was normally distributed, and so the analyses 
were performed without log transformation of screen time. All statistical analyses 
were conducted with the Statistical Package of Social Sciences, 18.0 for Windows 
(SPSS, inc., Chicago, Illinois, USA). Results were considered significant if p<.05.

RESULTS
Table 1 shows descriptive information for AGAHLS participants regarding the 
number and appraisal of experienced daily hassles and life events. The number of 
daily hassles peaked at the age of 36, while the number of life events was highest 
at age 27. The negative appraisal of daily hassles was considerably higher at age 
36 than before, while for life events the subjective appraisal remained relatively 
stable over time. The most frequently reported life events in the health domain 
across all ages included; change in usual type and/or amount of leisure time 
recreation, illness, and change in sleeping habit (much more or much less). In the 
work domain, more responsibility at work, change in working hours or circum-
stances and difficulties at work/reorganisation were most frequently reported 
from age 27 to age 36 years. In the home/family domain, change in living circum-
stances, an increase or decrease in the number of disagreements with partner, 
and change in the occurrence of family gatherings were experienced most over 
the nine year follow-up. At age 32 and 36 a ‘change in health of parent’ was also 
frequently reported. 
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Table 2. Univariable associations of daily hassles and life events with physical activity and screen 
time corrected for age and gender

effecta (95% CI) B (95% CI)

Daily hassles (score on EPC)

Total number 1.02*** (1.01; 1.03) -.03 (-.42; .36)

Total appraisal 1.00 (.99; 1.02) -.16 (-.51; .17)

Life events (score on LEL)      

Total numberb 1.00 (.99; 1.01) .22 (-.13; .57)

Number in health domain .99 (.98; 1.00) .20 (-.02; .42)

Number in work domain .99 (.98; 1.00) -.02 (-.36; .32)

Number in home/family domain 1.00 (.99; 1.01) .11 (-.24; .47)

Number in personal/social relations 
domain

1.00 (.99; 1.01) .21 (-.14; .56)

Number in finances domain 1.00 (.99; 1.01) .09 (-.17; .35)

Total appraisalb 1.00 (.99; 1.01) .33 (-.19; .87)

Appraisal health domain 1.00 (.89; 1.01) .27 (-.15; .70)

Appraisal work domain 1.01** (1.00; 1.02) .15 (-.22; .53)

Appraisal home/family domain 1.00 (.99; 1.01) .32 (-.18; .83)

Appraisal personal/social relations 
domain

.99 (.98; 1.01) .03 (-.36; .43)

Appraisal finances domain 1.01** (1.00; 1.03) .17 (-.28; .62)

Physical activity Screen time

EPC = Everyday Problem Checklist; LEL = Life Events List;
aValues higher than 1 represent a higher (%) of physical activity level for each additional step 
(10%) on the determinant scale;
b Excluded from the multivariable model;
Bold values represent statistically significant results; **p<.01; ***p<.001.

Daily hassles, life events and physical activity
Results from the univariable models showed that participants who had experienced 
more daily hassles had higher levels of physical activity (Table 2). Also, those with 
higher appraisal in the work and finances life event domains had higher levels of phy-
sical activity (Table 2). After running the multivariable analyses, having experienced 
more daily hassles (effect=1.02, 95% CI 1.01-1.04, p<.001) and a higher appraisal in the 
finances domain (effect=1.01, 95% CI 1.00-1.02, p=.04) remained significantly asso-
ciated with higher levels of physical activity (data not shown). This means that with 
every 10% increase on the number of hassles scale and the financial appraisal scale, 
an individual’s time spend in physical activity (min/wk) increases with 2% and 1% 
respectively.

Daily hassles, life events and screen time
Results from the univariable models showed no significant associations between 
number and subjective appraisal of daily hassles and life events and screen time (Table 
2). Also, in the multivariable model none of the independent variables were significantly 
associated with screen time.

No significant effect modifications by gender were found, meaning that the association 
between daily hassles, life events and physical activity and screen time, respectively, 
were not significantly different for men and women.
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young adults from our sample might have used physical activity in order to reduce 
strain from day-to-day irritations. Already in the 1980s it was thought that chronic 
strains of everyday life were more strongly associated with health outcomes 
than major life events [8,21]. This was also the case in our study considering the 
respective ‘effects’ and p values. Daily hassles may thus be more proximal to in-
dividual health and health-related behaviour and could therefore be an important 
addition to life event research in the field of physical activity.

Screen time
With regard to screen time, we found no significant associations with daily hassles 
and life events (both number and appraisal). One may put forward that this could 
be due to the cumulating of TV viewing and computer use as both screen-based 
behaviours may have different purposes; the first for relaxation or distraction, the 
second for work or maintaining social contacts. Yet, when assessing associations 
between daily hassles, life events and screen time for TV viewing and computer 
use separately, no significant findings were observed either. Based on our fin-
dings, we think that daily hassles and life events are less important for explaining 
screen time behaviour than for physical activity. Since, to our knowledge, this 
is the first study that examined these associations more research is needed to 
confirm our findings.

Strengths and limitations
In our study, positive and negative life events were operationalized into one sum 
score (number), as was the positive and negative appraisal. We hypothesised 
that the results of positive life events on physical activity or screen time would be 
ruled out by negative life events. For smoking, such adverse effects of negative life 
events are well established [22,23]. Yet, as physical activity and screen-
based behaviours are in essence very different from smoking, one could argue 
that both negative and positive appraised life events are differently associated with 
either behaviour. Splitting up the number and appraisal of negative and positive 
life events did not result in different findings in this particular Dutch young adult 
population. In our opinion, examining the number and appraisal of multiple life 
events is complex, as negative life events may increase physical activity behaviour 
in some people, but decrease physical activity in others. And this hypothesised 
mechanism holds for positive life events as well. Besides, each domain we have 
investigated consisted of grouped life events of which some were likely to be posi-
tively appraised (e.g., holiday in the personal/social domain), and some were likely 
to be negatively appraised (e.g., conflict with the law that led to imprisoning in the 
personal/social domain). From a health perspective, it may be more interesting 
to know how the number and appraisal of specific life events are associated with 
physical activity or screen time than to assess the overall association with nega-
tive versus positive life events or their clustering in diverse domains.

DISCUSSION
The current study examined the longitudinal associations between the number 
and the subjective appraisal of daily hassles and life events, and young adults’ 
physical activity levels and screen time. 
Young adults who had experienced more day-to-day irritations over the past 
months, were also more physically active during that period. Those who had 
higher subjective appraisal concerning work and finances-related life events over 
the past year were more physically active, however, when combined in one model, 
only the finances-related life events remained significant.

Physical activity
A systematic literature review examining the associations between life events 
and physical activity, concluded that the occurrence of specific major life events 
(e.g., getting married, changing work conditions, interpersonal loss, retirement) 
either decreased or increased adults’ participation in leisure time physical activity 
[2]. Yet, only three studies that were included in this review [16-18] assessed the 
association between the number of life events and physical activity. One of these 
studies also examined AGAHLS data [16], taking into account the 1996/1997 
measurement only. Notably, unlike the current study, two of the three afore-
mentioned studies included adults with a mean age over 50 years [17,18]. Based 
on these studies it was concluded that experiencing multiple simultaneous life 
events decreased physical activity in both men and women [2]. Our findings do not 
support this conclusion. This may be due to the differences in age between our 
population and the populations previously examined, but there is obviously a lack 
of studies that investigated the association between the number of life events and 
physical activity levels in general.

With regard to the potential influence of the appraisal of life events on physical 
activity, the review of Engberg and colleagues [2] provided no information, and 
neither did another systematic literature review on the association between 
life-change events (i.e., change in: employment status, residence, physical status, 
relationships and family structure) and physical activity participation by Allender 
et al [19]. Our study showed that those who reported higher negative appraisal in 
the work and finances life event domains had higher levels of physical activity, but 
due to the lack of comparable studies and the operationalization of the life events 
measures we used (see also strengths and limitations), we cannot suggest an 
explanation for these findings.

The difference between life events and daily hassles is that the latter are incon-
venient in nature. All items of the EPC were formulated such that no person could 
possibly assess them in a positive way (e.g., ‘you had to make a difficult decision’, 
‘your children misbehaved’, ‘people you thought you could count on disappointed 
you’). Considering that a) daily hassles may cause a certain level of distress [14], 
and b) previous research has indicated that physical activity can influence the 
perceived stress level and thus can be beneficial for psychological wellbeing [20], 
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Our study extends earlier findings by its longitudinal nature and the assessment 
of associations of life events and daily hassles with screen time. Still, this study 
included a three month self-reported recall of physical activity and screen time 
which may suffer from recall bias and self-report errors [24,25]. Generalisation 
of the results to the general Dutch or to other populations may be difficult, since 
AGAHLS participants were relatively healthy and were of relatively high socio-
economic status.

CONCLUSION
Based on our findings and considering the consistent evidence from life event-
related research, the occurrence of specific life events may be more influential for 
people’s physical activity behaviour than their respective sum or emotional tone. 
Still, the assessment of daily hassles may be a relevant addition in this research 
field. Finally, we think that daily hassles and life events are less important for 
explaining screen-based behaviour than for physical activity.
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INTRODUCTION
Despite the clear evidence of the physical and mental health benefits of regular 
participation in physical activity (PA) [1], the worldwide prevalence of physical 
inactivity is still high [2]. Considered as the fourth leading global risk factor for 
mortality due to non-communicable chronic diseases [3] physical inactivity is po-
sing a serious threat to public health. As such, numerous interventions have been 
developed aimed at increasing PA levels across the life span [4,5]. Since sustained 
behavioural change is difficult [5], primary prevention of physical inactivity might 
be more successful, especially when focussing on specific groups that are at 
increased risk of having an inactive lifestyle. Therefore, knowledge of key deter-
minants of PA is essential for the identification of risk groups as well as for the 
development of effective interventions [6].

Nonetheless, a recent ‘review of reviews’ by Bauman and colleagues that summa-
rised the evidence on correlates of PA in adults, concluded that only few consis-
tent factors affecting PA behaviour have been identified [6]. One important issue 
within this field of research is that most studies examining factors that potentially 
influence adults’ PA behaviour have a cross-sectional design. Studies applying a 
longitudinal observational design could identify factors that have strong associ-
ations with PA [7]. Therefore, more prospective studies are required to examine 
these relationships. There is also a lack of studies investigating 1) determinants of 
physical activities in different contexts, 2) PA patterns at various life stages, and 
3) determinants of moderate intensity PA (MPA) [8].

In the Amsterdam Growth and Health Longitudinal study (AGAHLS) physical 
activity -including a large range of activities in various settings and of different 
intensities- was measured prospectively from adolescence into adulthood along 
with information on socio-demographic, physical, psychological and behavioural 
factors. In the light of the research gaps addressed above, the objective of the pre-
sent study was to examine the longitudinal associations of these factors with MPA 
and vigorous intensity PA (VPA) in young adults who participated in the AGAHLS 
and were followed-up from age 21 to 36 years. In 2011 an estimated 43% of Dutch 
young adults (aged 18-34 years) did not comply with the Dutch Public Health 
Physical Activity Guideline (i.e., to accumulate at least 30 minutes of moderate to 
vigorous intensity PA per day), and around 74% did not comply with the Strenu-
ous Intensity Physical Activity Guideline (i.e., to accumulate at least 20 minutes of 
vigorous intensity PA for at least 3 times a week [9]). Identifying determinants of 
PA in this particular population is thus highly relevant.

ABSTRACT
Purpose 
To examine the longitudinal associations of person-related factors with physical 
activity (PA) behaviour in young adults.

Methods 
We analysed longitudinal self-reported time spent in moderate intensity PA (MPA; 
4-7 METs) and vigorous intensity PA (VPA; >7 METs) from 499 young adults (49% 
male) who participated in the Amsterdam Growth and Health Longitudinal Study 
at the age of 21, 27, 32, and 36 years. Socio-demographic factors (i.e., marital and 
employment status), physical factors (i.e., skin folds, aerobic fitness, neuromotor 
fitness, back problems, general health status), psychological factors (i.e., problem 
and emotion-focused coping, mild health complaints, personality), and behavi-
oural factors (i.e., alcohol consumption, smoking, energy intake) were assessed 
at each time point. We performed gender-specific univariable and multivariable 
Generalised Estimating Equations.

Results 
Men and women with higher aerobic fitness were more moderately and vigor-
ously active. Not having paid work was associated with more MPA in both men and 
women. Men with part-time paid work, lower scores on dominance, higher scores 
on hostility and above moderate alcohol consumption (i.e., ≥140 grams of alcohol 
per week) were more moderately active. Divorced women and those with better 
physical flexibility spent more time in MPA. Men having full-time paid work, with a 
good general health status and non-smokers were more vigorously active. Women 
being married/living together, who had better physical flexibility, lower scores 
on inadequacy, higher scores on dominance, and low caloric intake (around 2000 
Kcal/day) were more vigorously active.

Conclusion 
Several socio-demographic, physical, psychological and behavioural factors were 
associated with PA in Dutch young adults. Determinants were different for MPA 
and VPA, and for men and women.  
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Assessment of person-related determinants
The current study considered socio-demographic, physical, psychological and 
behavioural factors as potential determinants of PA. Socio-demographic factors 
included self-reported marital and employment status. Physical factors inclu-
ded a) sum of skin folds measured by a Harpenden skin fold caliper, b) aerobic 
fitness (VO2max) assessed by a maximal running test performed on a treadmill, 
and c) neuromotor fitness assessed by the MOPER Fitness Test consisting of 
four strength tests, two coordination/speed tests and one flexibility test [13]. In 
addition, self-reported back problems and general health status were regarded as 
physical factors [13]. Psychological factors included a) coping style (Ways of 
Coping Checklist [17]), b) mild health complaints (Checklist on Experienced 
Health [18]), and c) personality (Dutch Personality Inventory [19]). Behavioural 
factors included self-reported alcohol consumption [20,21], smoking and energy 
intake [21]. Appendix 2 includes further details on the assessment of these potential 
person-related determinants of PA. All variables were assessed at each of the 
four follow-up measurements.

Statistical analysis
For each follow-up measurement descriptive statistics were calculated for all 
potential determinants, and for MPA and VPA. Furthermore, normality of the PA 
data was checked by plotting histograms. We found that both MPA and VPA data 
were positively skewed. Therefore, both were log transformed before performing 
the main data analyses. Applying log transformation, we successfully normalised 
the PA data. In longitudinal studies the same participants are measured repea-
tedly over time. As such, repeated observations from each subject are dependent 
of each other and estimation of the parameters of the statistical model should 
take into account this within-subject correlation. Generalised Estimating Equati-
ons (GEE) is a statistical technique that adjusts for this within-subject correlation, 
making the technique well-suited for longitudinal data analyses. Thus, we perfor-
med age-adjusted univariable linear GEE analyses with an exchangeable corre-
lation structure to examine the associations between each potential determinant 
and MPA and VPA. An interaction term between each potential determinant and 
gender was added to every univariable GEE to check for effect modification. For 
both PA categories, multivariable linear GEE including all independent variables 
was then used to explore the most important determinants. Independent variables 
with the highest p values were removed one by one from the model, until only 
variables with p<.05 remained. All parameter estimates were expressed with a 
95% confidence interval (95% CI), and results were considered significant if p<.05. 
Analyses were conducted with the Statistical Package of Social Sciences, 18.0 for 
Windows (SPSS, inc., Chicago, Illinois, USA).

METHODS
Participants and procedures
The present study is part of the AGAHLS. This observational cohort started in 
the school year 1976/1977 to measure the natural course of growth, health and 
lifestyle of almost 600 13-year old Dutch secondary school pupils. A detailed 
description of the study rationale, recruitment procedures and protocol, as well as 
information on study attrition has been reported previously [10,11]. At the time of 
the fifth follow-up measurement in 1985, AGAHLS participants had reached adult 
age. From this measurement on, comprehensive socio-demographic infor-
mation (e.g., marital and employment status) was assessed. Therefore, the 
present analyses are based on data from men and women who took part in the 
fifth (1985), sixth (1991), eighth (1996/1997), and/or ninth (2000) follow-up measu-
rement of the AGAHLS. Participants were then aged 21, 27, 32, and 36 years on 
average, respectively. The seventh follow-up measurement (1993) was excluded, 
due to limited measured data on several physical and psychological variables. 
From 1985 to 2000, data on at least one of the socio-demographic, physical, psy-
chological or behavioural variables was available for 515 participants (48% male). 
Of those, 16 provided no data on PA, and were therefore not fitting the inclusion 
criteria of the present study. Participants with data on PA and socio-demographic, 
physical, psychological or behavioural variables at at least one point in time were 
included, resulting in a sample of 499 participants (49% male). The AGAHLS was 
approved by the medical ethics committee of the VU University Medical Center, 
Amsterdam, the Netherlands. All subjects provided their written informed 
consent.

Physical activity
Habitual PA was assessed in a semi-structured face-to-face interview (developed 
for the AGAHLS [12]), covering PA over the previous three months. In this inter-
view information was assessed on participation in (un)organised sports activities, 
active transportation to and from school/work, physical exertion at school/work, 
stair climbing and other leisure-time activities. Activities with a duration of less 
than five minutes and an intensity below four times the basal metabolic rate 
(<4 METs) were not taken into account. All other activities were classified as light 
(4<7 METs), moderate (7<10 METs), or vigorous (≥10 METs) intensity, based on li-
terature dating from the 1960s and 1970s [13]. To ensure a consistent PA measure 
in the AGAHLS, this procedure was continued even when the classification of PA 
intensity into MET value categories evolved over the years [14-16]. To resemble 
MET values reported in recent research, we classified 4<7 METs activities as MPA 
and ≥7 METs activities as VPA. For both categories, the average weekly time spent 
on those different intensity activities was calculated and used as outcome in the 
current analyses. Appendix 1 provides detailed information on the measurement 
of PA used in the AGAHLS.
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21 27 32 36a

n Median Inter-
quartile
range

n Median Inter-
quartile
range

n Median Inter-
quartile
range

n Median Inter-
quartile
range

Moderate PA
(min/wk)

♂ 93 380 284 84 197 380 206 266 313 178 449 623

♀ 107 385 415 98 331 346 232 327 333 199 605 566

Vigorous PA
(min/wk)

♂ 93 53 159 84 77 106 206 107 138 178 100 113

♀ 107 20 90 98 64 101 232 81 116 199 90 102

Average age at follow-up measurement (years)

Table 1. Self-reported time spent in moderate and vigorous physical activity at 
age 21, 27, 32 and 36 years

n, number of participants; PA, physical activity
aDuring the 2000 follow-up, the physical activity interview was computer-supported which may 
explain the higher levels in moderate physical activity for both men and women at age 36 years [22].

RESULTS
Table 1 presents the median and interquartile range (min/wk) that AGAHLS 
participants spent in MPA and VPA over the 15-year period of follow-up. Table 2 
shows descriptive information of the study sample at different time points. At each 
time point, women were slightly overrepresented. By the year 2000 the majority 
of participants (78%) were either married or living together. The percentage of 
participants without paid work decreased from 39% in 1985 to 7% in 2000 (data 
not shown). The percentage of part-time working women steadily increased over 
the years (from 18% to 70%), whereas by the year 2000 the vast majority of men 
(87%) had a full-time job.

Because some of the univariable associations between potential determinants 
and PA categories were different for men and women (i.e., showed a significant 
interaction with gender, data not shown), we decided to perform univariable and 
multivariable GEE analyses for men and women separately (see Appendix 3 and 4, 
which demonstrate gender-specific univariable results). Table 3 and table 4 pre-
sent gender-specific multivariable associations between potential determinants 
and MPA and VPA, respectively.
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sd, standard deviation; cl, centilitres; cm, centimetres; kg, kilograms; min, minutes; s, seconds;
aDue to rounding and missing data, not all percentages of the categorical independent variables 
add up to 100%.

Moderate intensity physical activity
Men and women having no paid work spent significantly more time in MPA than 
those working full time (this was also the case for part-time working men). Higher 
aerobic fitness was significantly associated with more time spent in MPA in both 
men and women. Men who consumed more than 140 grams of alcohol per week 
were significantly more moderately active than their non-drinking peers. Also in 
men, a lower score on dominance and a higher score on hostility were significantly 
associated with more time spent in MPA.

Furthermore, divorced women (compared with those being married/living 
together) and women with a better physical flexibility were significantly more 
moderately active.

Vigorous intensity physical activity
Full-time working men spent significantly more time in VPA than those without 
paid work. For women, no association of employment status with VPA was found 
over the 15 years of follow-up. Higher aerobic fitness was significantly associated 
with more time spent in VPA in both men and women. Additionally, a better physi-
cal flexibility in women and a good self-reported general health status in men 
were significantly associated with higher levels of VPA. Non-smoking men spent 
significantly more time in VPA compared with smokers. 

Besides that, it was found that women being married/living together spent 
significantly more time in VPA than divorced women. Also, women with a lower 
score on inadequacy, a higher score on dominance and those in the lowest 
tertile of energy intake (i.e., consuming up to around 2000 Kcal/day) spent 
significantly more time in VPA.

1985 1991 1996/1997 2000

Independent variables ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀
Socio-demographic factors

Age 21 (1) 21 (1) 27 (1) 27 (1) 32 (1) 32 (1) 36 (1) 36 (1)

Marital status (%)a

  Single 85 72 46 31 22 17 20 16

  Living together/married 15 28 54 69 70 78 75 80

  Divorced 0 0 0 0 2 2 3 3

Employment status (%)a

  No paid work 52 27 14 21 3 15 3 12

  Part-time paid work 14 18 12 25 9 54 9 70

  Full-time paid work 34 55 74 54 84 30 87 19

Physical factors

Sum of skin folds in cm 4 (1) 4 (2) 4 (1) 5 (2) 4 (2) 5 (2) 5 (2) 6 (2)

Aerobic fitness (cl·min-1·kg-2/3) 22 (2) 16 (2) 21 (2) 16 (2) 20 (3) 16 (2) 22 (3) 16 (2)

Neuromotor fitness

  Strength: arm pull (kg) 71 (13) 42 (8) 67 (12) 39 (8) 74 (13) 42 (8) 71 (14) 39 (7)

  Strength: standing high jump (cm) 55 (6) 42 (5) 56 (7) 3 (5) 55 (8) 41 (5) 52 (7) 38 (5)

  Strength: flexed arm hang (s) 38 (15) 13 (12) 37 (16) 16 (13) 30 (16) 13 (12) 23 (14) 8 (8)

  Strength: 10 leg lifts (s) 12 (1) 13 (2) 13 (2) 13 (2) 13 (1) 13 (2) 12 (2) 14 (3)

  Coordination & speed: sprinting (s) 17 (1) 19 (1) 17 (1) 19 (1) 16 (1) 18 (1) 16 (1) 19 (1)

  Coordination & speed: plate tapping (s) 9 (1) 10 (1) 9 (1) 9 (1) 9 (1) 9 (1) 9 (1) 9 (1)

  Physical flexibility: sit and reach (cm) 36 (9) 40 (7) 34 (10) 39 (7) 34 (9) 40 (7) 32 (10) 39 (8)

Back problems (%)a

  No 81 77 71 70 77 72 80 72

  Yes 19 23 29 30 22 27 20 28

General health status (%)a

  Good 88 88 87 82 74 76 88 86

  Not so good 11 12 13 17 10 14 10 13

Psychological factors

Problem-focused coping (range=0-24) 16 (3) 16 (3) 16 (3) 16 (2) 16 (3) 16 (3) 16 (3) 17 (3)

Emotion-focused coping (range=0-40) 17 (6) 19 (5) 18 (6) 20 (5) 16 (5) 19 (5) 17 (5) 19 (5)

Mild health complaints(range=0-18) 3 (3) 4 (4) 2 (3) 3 (3) 3 (3) 4 (3) 3 (3) 4 (4)

Inadequacy (range=0-42) 10 (8) 12 (7) 7 (7) 8 (6) 7 (6) 9 (6) 6 (7) 9 (7)

Social inadequacy (range=0-30) 9 (7) 10 (7) 7 (6) 8 (6) 7 (6) 9 (7) 6 (6) 8 (7)

Rigidity (range=0-50) 21 (8) 21 (8) 20 (7) 23 (7) 21 (7) 23 (7) 22 (7) 24 (7)

Self-sufficiency/recalcitrance (range=-0-32) 12 (5) 8 (4) 10 (5) 8 (4) 11 (5) 8 (4) 10 (5) 8 (4)

Dominance (range=0-34) 17 (6) 14 (6) 19 (6) 16 (6) 19 (6) 15 (6) 19 (7) 16 (7)

Hostility (range=0-38) 17 (7) 16 (6) 14 (7) 13 (6) 13 (7) 14 (6) 13 (7) 13 (6)

Self-esteem (range=0-38) 29 (6) 29 (5) 30 (6) 30 (5) 31 (6) 30 (5) 31 (6) 29 (5)

Behavioural factors

Alcohol consumption (%)a

  No 28 32 16 39 11 27 5 21

  Low/moderate 45 51 66 41 63 48 60 40

  Above moderate 27 18 19 20 25 25 33 38

Smoking (%)a

  No 66 65 64 77 71 81 71 81

  Yes 33 35 36 24 25 18 28 19

Energy intake in Kcal per day 3192(706) 2176(498) 2873(663) 2137(489) 3002(760) 2248(477) 2968(736) 2313(494)

Table 2. Characteristics of AGAHLS participants at different time points. Numbers represent 
means (sd) if not indicated otherwise
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Table 4. Results of multivariable GEE analyses presenting significant associations between 
person-related characteristics and vigorous physical activity for men and women separately 

(adjusted for age at each time point)

VPA

♂ ♀
Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Socio-demographic factors

Marital status (Living together/married)b

  Single - - - .91 (.82; 1.02)

  Divorced - - - .78** (.66; .92)

Employment status (Full-time paid work)

  No paid work .84* (.70; 1.00) - - -

  Part-time paid work 1.03 (.91; 1.18) - - -

Physical factors

Aerobic fitness 1.05*** (1.03; 1.06) 1.06*** (1.04; 1.09)

MOPER flexibility - - - 1.05* (1.01; 1.09)

Not so good general health .86* (.74; .99) - - -

Psychological factorsc

Inadequacy - - - .96* (.92; .99)

Dominance - - - 1.09*** (1.06; 1.13)

Behavioural factors

Smoking .88* (.80; .97) - - -

Energy intake (First tertile)

  Second tertile - - - .90* (.82; .99)

  Third tertile - - - .98 (.89; 1.08)

CI, confidence interval;
aFor continuous variables a value higher than 1 represents a higher physical activity level 
for each additional step on the determinant scale. For categorical variables a value higher 
than 1 represents higher physical activity levels compared with the reference category;
bMarital status with reference category ‘Single’ showed no significant results. Marital 
status with reference category ‘Living together/married’ did show significant differenc-
es between groups of women and was therefore retained as variable in the model;
cFor all psychological factors the outcome signifies 5 steps on the scale;
Bold values represent statistically significant relationships: *p<.05; **p<.01; ***p<.001.

Table 3. Results of multivariable GEE analyses presenting significant associations between 
person-related characteristics and moderate physical activity for men and women separately 

(adjusted for age at each time point)

MPA

♂ ♀
Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Socio-demographic factors

Marital status (Living together/married)b

  Single - - - 1.05 (.97; 1.13)

  Divorced - - - 1.25* (1.03; 1.50)

Employment status (Full-time paid work)

  No paid work 1.27** (1.08; 1.49) 1.09* (1.01; 1.19)

  Part-time paid work 1.22** (1.06; 1.42) 1.02 (.95; 1.11)

Physical factors
Aerobic fitness 1.02** (1.01; 1.04) 1.02** (1.01; 1.04)

MOPER flexibility - - - 1.05** (1.02; 1.09)

Psychological factorsc

Dominance .96* (.93; 1.00) - - -

Hostility 1.08*** (1.04; 1.12) - - -

Behavioural factors

Alcohol consumption (No)d

  Low/moderate 1.15 (.98; 1.36) - - -

  Above moderate 1.21* (1.01; 1.44) - - -
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CI, confidence interval;
aFor continuous variables a value higher than 1 represents a higher physical activity level 
for each additional step on the determinant scale. For categorical variables a value higher 
than 1 represents higher physical activity levels compared with the reference category;
bMarital status with reference category ‘single’ showed no significant results. Marital 
status with reference category ‘living together/married’ did show significant differenc-
es between groups of women and was therefore retained as variable in the model;
cFor all psychological factors the outcome signifies 5 steps on the scale;
dAlcohol consumption with reference category ‘Low/moderate’ showed no significant 
results. Alcohol consumption with reference category ‘No’ did show significant differ-
ences between groups of men, and was therefore retained as variable in the model;
Bold values represent statistically significant relationships: *p<.05; **p<.01; ***p<.001.
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This could be an explanation for why having no paid work was associated with 
more MPA in our sample. Interestingly, working part time compared with working 
full time was associated with more MPA in men, but not in women. Dutch men 
previously reported ‘more free time for myself’ as the most important benefit of 
working part time compared with working full time [39]. It may be that part-time 
working men spent part of their extra free time in enjoyable moderate intensity 
(leisure) activities.The current study also found an association between working 
full time and time spent in VPA, but only in men. Possibly, full-time working men 
may choose to engage in shorter duration high-intensity activity sessions (e.g., 
running, squash, soccer) than their non-working peers who may have more time 
to engage in some of the recalled activities (e.g., walking the dog, cycling to visit 
family/friends, gardening). Alternatively, full-time working men may use their 
financial resources more easily for membership of sports or fitness clubs than 
those who do not have paid work. Full-time working women may be very much 
limited in their ability to engage in VPA as they more often have to juggle work 
with family responsibilities.

Physical, psychological and behavioural factors
Men and women with higher aerobic fitness were more moderately and vigorously 
active. Additionally, women who performed better on the physical flexibility test 
spent more time in both activity categories, whereas men who reported a good 
general health status spent more time in VPA. Although the positive association 
between perceived health and PA has been documented before [40], associations 
between specific aspects of physical fitness and both MPA and VPA have not been 
well established. Yet, it seems likely that different aspects of physical fitness are 
important in enabling time spent in either moderate intensity activities (e.g., brisk 
walking, walking the dog, gardening, and domestic and household chores) [14], 
vigorous intensity activities (e.g., competitive sports, running, swimming/cycling) 
[14], or both. Our findings showed that aerobic fitness was consistently and signi-
ficantly associated with both MPA and VPA in men and women. It has to be noted 
that 1) the association between physical fitness components and PA is likely to 
be bidirectional [40] (i.e., people who are physically active increase their physical 
fitness levels, which in turn encourages them to continue to be physically active, 
further improving their physical fitness), and 2) that physical activity has been 
recognised as an important determinant of fitness [41].

Regarding the association between personality and PA, our results support the 
evidence that hints towards a positive association between having an outgoing, 
sociable, lively and energetic personality and PA participation [42]. Accordingly, 
the review and meta-analysis of Rhodes and Smith showed that individuals 
scoring high on extraversion and conscientiousness and low on neuroticism were 
more likely to engage in physical activities [43]. In line with these results, we 
found that women feeling less inadequate and more dominant (e.g., taking initia-
tive, being in charge) spent more time in VPA. However, our results also showed 
that men scoring higher on hostility (e.g., being hot-tempered, impulsive) [19] and 

DISCUSSION
Although PA is widely recognised as an important component of a healthy lifestyle 
[23], young adults in the Netherlands and beyond are not participating in suffi-
cient MPA and VPA [9,24]. For better understanding of key determinants of PA in 
a young Dutch adult population we conducted the current study, which assessed 
socio-demographic, physical, psychological and behavioural factors prospectively 
associated with MPA and VPA. We analysed gender-specific multivariable models 
and examined which factors were most important for PA. Information on factors 
that affect MPA and VPA is essential for the identification of risk groups (targeted 
prevention) as well as for the development of effective interventions. However, to 
date, only few consistent factors influencing PA behaviour have been identified [6], 
which may partly explain the lack of interventions that effectively change PA beha-
viour on the long term [25-28]. With this prospective study, we aim to contribute to 
the study of determinants in young adults, and as such improve future inter-
vention development.

Marital and employment status
The young adult period is a phase in which changes in marital and employ-
ment status typically occur [29]. Young adult men and women may go through 
school-university-workforce transitions and may get married and have children. 
These changes involve important role transitions [30] and may accordingly change 
lifestyles, among which PA behaviour [31-33]. The current study shows that 
marital and employment status were associated with PA in both men and women 
i.e.; 1) women who were divorced were more moderately, but less vigorously active 
than those who were living together and/or married; and 2) men and women ha-
ving no paid work or men working part time reported more MPA, while men wor-
king full time reported more VPA than men without paid work. Few prospective 
studies examined marital and employment status in relation to PA. With regard 
to marital status one longitudinal study reported that in young women getting 
married as well as divorce/separation were associated with decreased time spent 
in moderate-to-vigorous intensity leisure time PA [34]. In contrast, a study among 
men and women in their mid-twenties showed that leisure time PA was not sig-
nificantly different for those who stayed single, compared with those who became 
married/cohabiting. Yet in this study, subjects who were married at baseline and 
separated or divorced at follow-up were excluded from analyses [35]. It has to be 
noted that these studies assessed status changes (e.g., from being single to being 
married), or marital events (i.e., getting married) as their dependent variable, 
which is different from how marital status was operationalised in our study. 
Nevertheless, changes in marital status often come with changes in light and 
moderate intensity PA levels, i.e., house work and care giving activities [14], and 
mostly for women [36]. This supports our finding that marital status was associa-
ted with PA in women, but not in men. Employment status on the other hand was 
associated with MPA in both men and women, and may also be an indicator for 
time spent in house work and care giving duties; i.e., those who are not engaged 
in paid work may have full days of unpaid house and childcare activities [37,38]. 
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be interpreted with caution. Another limitation is that the most recent follow-up 
measurement of the AGAHLS used for the current analyses dates back to the year 
2000, and the individual, social, and political environment has undergone major 
changes since then. It might therefore be that our findings are not fully applicable 
to young adults living today. Nevertheless, this is one of the few studies investiga-
ting determinants of PA in young adulthood using longitudinal data. Our results 
offer important information for identifying young adults who are at risk of having 
an inactive lifestyle, and insights into determinants to be addressed in PA promo-
ting initiatives.

CONCLUSIONS
Socio-demographic, physical, psychological as well as behavioural factors were 
associated with PA from age 21 to 36 in Dutch young adults. Our findings showed 
that, among others, people having no paid work spent more time in MPA, while 
full-time working men spent more time in VPA. Marital status was only associated 
with PA for women. Higher aerobic fitness and better physical flexibility (women) 
were positively associated with both MPA and VPA, while good self-reported gene-
ral health status (men) was positively associated with VPA. Men consuming ‘above 
moderate’ amounts of alcohol, but also non-smoking men were more physically 
active. The identified determinants could be the starting point for intervention 
development to increase PA (for example by increasing young adults physical 
fitness), or for identifying risk groups (for example smokers).

lower on dominance spent more time being moderately active. A possible expla-
nation for this finding might be that men with such personality traits are more 
likely to engage in team sports where hostility translates into competing against 
the opponent and less dominance in being a good team player. Unfortunately, the 
methods of our study do not allow us to reveal the underlying mechanisms of 
these findings.

Research suggests that risk behaviours tend to cluster within individuals [44-47]. 
Likewise, our results showed that smoking men were less vigorously active than 
their non-smoking peers. Regarding alcohol consumption, we found that men 
consuming above moderate amounts of alcohol (i.e., ≥140 grams of alcohol per 
week) were more likely to be moderately active than non-consumers. This is in 
line with previous research which already established the strong link between 
sports and alcohol consumption [48,49], and the connection of alcohol consump-
tion with masculinity [50]. Finally, low caloric intake was associated with more VPA 
among women only. Low caloric intake and more VPA may point towards women 
trying to lose weight, which is common in a young adult female population [51].

Implications for practice
By identifying important determinants of MPA and VPA in both men and women, 
the current study primarily aimed to offer useful information for intervention 
development targeting young adults. According to the Intervention Mapping (IM) 
protocol [52], identifying determinants of behaviour should be the first step in de-
veloping initiatives that intend behavioural change. Too often this step is skipped. 
However, we recognize that our study only captures a small and fairly specific 
population. We therefore want to highlight the importance of large scale studies 
assessing the determinants of both MPA and VPA in the future. In that sense we 
agree with Bauman and colleagues [6] who state that factors potentially effecting 
PA should be included in public health surveillance systems.

Strengths and limitations
The findings of the current study are limited by the fact that 1) our data are based 
on self-reported PA which is susceptible to recall bias and social desirable ans-
wering [53], and 2) the study sample comprised a small select group of people 
which limits the generalisability of our results to the Dutch or any other population. 
With regard to the first limitation it should be noted that the semi-structured 
interview applied in this study may be more reliable and valid than self-report 
by questionnaire only. Yet, measurement of PA in 2000 was conducted somewhat 
differently compared with the previous time points, i.e., the PA interview was 
computer-supported. The computer-supported measurement may have led to 
the slightly higher PA levels relative to the earlier measurements, and thus to 
the unusual time trends that were observed in this sample (i.e., higher medians 
for both MPA and VPA at age 36 compared with earlier ages). It is unlikely that 
the change in administration of the PA questionnaire resulted in differential bias, 
but the effect estimates of both the univariable and multivariable models should 
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Table 1. Main items of the physical activity interview used in the AGAHLS [54]

I. Activities in relation to school or work

A. All transportation

Means: first and second possible choice (walking, cycling, or public transport) and average number of times used
Active time per means (both ways)  

Score = mean active transportation time in minutes per week

B. Physical education and extracurricular sport activity

Average active time per lesson
Obligatory number of lessons per week
Real number of lessons participated in
Real extracurricular activity  

Score = mean active physical education or sport time in minutes per week

C. Work-related activities like walking, cycling, lifting and stair climbing

Average active time per working day above minimum intensity  
Score = mean activity plus active transportation time in minutes per week

B. Activities in other clubs

Kind of membership
Average active time per meeting above minimum intensity (club 1)
Real number of meetings participated in  

Score = mean activity plus active transportation time in minutes per week

III. Unorganised activities

A. General leisure time activities (unorganised sports, etc.)

Monday through Sunday: average active time in minutes per week  
Score = mean active leisure time in minutes per week

B. Activities in jobs (including volunteer work and housekeeping)

Kind of job
Average active time per working day above minimum intensity  

Score = mean activity plus active transportation time in minutes per week

    

II. Organised activities

A. Activities in sport clubs

Kind of sport club membership
1. Training (club 1; repeat in case of more memberships)
Average active time per training
Number of training sessions per week
Real number of training sessions participated in  

Score = mean active training time in minutes per week
Matches (club 1; repeat in case of more memberships)
Average active playing time per match
Number of matches per week

Real number of matches participated in  
Score = mean active playing time in minutes per week

2. Transportation  
Score = mean active transportation time in minutes per week of all organized sports activities

   

Appendix 1. Details of the physical activity (PA) measure used in the Amsterdam 
Growth and Health Longitudinal Study (AGAHLS)

The activity interview
In the AGAHLS, PA was assessed in a semi-structured face-to-face interview 
[12]. The interview considered various physical activities including (un)organised 
sports activities, active transportation to and from school/work, physical exertion 
at school/work, stair climbing and other leisure time activities. Table 1 presents a 
detailed overview of the included activities and the assessment of their frequency 
and duration.
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Intensity Activity

Light (4<7 METs) Domestic: beating carpets, carrying groceries, hammering, polish-
ing floors, sawing, scrubbing floors, lifting 
Outdoor: bicycling, canoeing, rowing, walking
Sport: ballet, baseball, body-building, dancing (ballroom, modern, 
folk), gymnastics (rhythmic, remedial, jazz), hiking, horseback 
riding, softball, table tennis, tug-of-war, volleyball, waterskiing, 
weightlifting

Moderate (7<10 METs) Domestic: stair climbing
Outdoor: basketball (dribbling, shooting), playing active games, 
skating,soccer (dribbling, kicking)
Sport: track and field (field events), badminton, fencing, gymnas-
tics, mountaineering, scuba diving, skating (figure, speed), skiing 
(alpine), tennis (outdoor, indoor), swimming (outdoor, indoor)

Vigorous (≥10 METs) Outdoor: basketball (game), running, soccer (game)
Sport: track and field (track events), basketball, canoeing, con-
ditioning exercises, cycling (race), handball (European: indoor, 
outdoor), hockey (field, ice, roller; indoor, outdoor), jogging, 
kickboxing, netball (indoor, outdoor), martial arts (judo, jujitsu, 
karate, aikido, kendo, kung fu, tae kwan do), rowing, rugby, skiing 
(cross-country), soccer (indoor, outdoor), squash, swimming, 
trampolining, water polo, wrestling

Table 2. Classification of light, moderate and vigorous physical activities with examples 
of domestic, outdoor, and sport activities [54].

Calculating MET∙min/week
For the purpose of calculating MET∙min/week, the MET value assigned to each 
category was 5.5, 8.5 and 11.5 for light, moderate and vigorous intensity PA, re-
spectively. The average time spent per week as assessed by the interview 
(minutes) in each category was then multiplied by the MET value for that category. 
Weighted activity scores were used as a combined estimate of the duration and 
intensity of the daily PA of the subject.

Validity
The validity of the AGAHLS PA measure was assessed using data from boys and 
girls in the first 4 years of the study, i.e., in the adolescent period [54]. Validity of 
the instrument was not assessed in (young) adulthood.

Computer support
During the measurement in 2000, the PA interview was changed from face-to-face 
to computer-supported, meaning that the interviewer directly entered the 
answers from the participant into the computer.
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Determinant Measurement Scale Additional information
Back problems Retrospective questioning 

about experienced back 
pain (cervical, thoracic, and 
lumbar parts of the spine) 
for more than 2 or 3 days

Dichotomous: having back 
problems; having no back 
problems

General health 
status

Self-report Dichotomous: good; not so 
good 

Original answering options 
were: very good; good; 
okay; somewhat bad; 
bad. Because of small 
numbers in the latter 
three categories, for the 
current study we clustered 
very good/good, and okay/
somewhat bad/bad

Psychological 
factors
Coping style Dutch version of the Ways of 

Coping Checklist (WCC) [17]
Continuous: separate 
problem-focused and 
emotion-focused sum 
scores

Twenty-four items referred 
to problem-focused coping, 
40 items to emotion-focused 
coping

Mild health 
complaints

Shortened version of the 
Checklist on Experienced 
Health (CLEH), measuring 
functional complaints 
resulting from stress [18]

Continuous: sum score of 
weighted items [18]

The 13 dichotomous items 
each have a weighing factor 
ranging from 1.0725 (Q7) 
to 2.4735 (Q8). Jansen and 
Sikkel [18] showed that 
the CLEH is responsive to 
situational stress

Personality Dutch Personality Inventory 
(DPI) [19]

Continuous: scores 
on inadequacy, social 
inadequacy, rigidity, self-
sufficiency/recalcitrance, 
dominance, hostility, self-
esteem

The construction of the DPI 
was based on the California 
Psychological Inventory [57]. 
Psychometric properties 
of all DPI constructs are 
described by Luteijn et al 
[19]

Behavioural factors
Alcohol consumption Cross-check dietary history 

interview [20,21]
Categorised as: non-; low/
moderate consumers; above 
moderate consumers. Cut 
points men: 0; >0<140; ≥140 
grams/week. Cut points 
women: 0; >0<70; ≥70 
grams/week

Cut points are based on 
the Guidelines for a healthy 
diet, published by the Health 
Council of the Netherlands 
[58]

Smoking Self-report Dichotomous: being a 
smoker; being a non-
smoker

Energy intake Cross-check dietary history 
interview [21]

Categorised as: gender-
specific tertiles of Kcal 
consumed per day

Coding and calculation of 
the food characteristics 
were based on the Dutch 
Food and Nutrition Table 
(known as NEVO; http://
www.rivm.nl/nevo_en/)

Determinant Measurement Scale Additional information

Socio-demographic 
factors

Marital status Self-report Categorised as: single; 
living together/married; 
divorced

In 1996/1997 and 2000 three 
participants indicated that 
they lived with their parents. 
These people were assigned 
to the ‘single’ category. In 
1996/1997 and 2000 eleven 
participants indicated 
that their marital status 
was ‘other’ than single, 
living together, married 
or divorced. Because 
these people could not 
be assigned to one of the 
three categories used in the 
current study, their marital 
status values were set to 
missing

Employment status Self-report Categorised as: having 
full-time paid work; having 
part-time paid work; having 
no paid work

Physical factors

Skin folds Bicipital, tricipital, 
subscapular, and 
suprailiacal skin folds 
measured with a Harpenden 
skin fold calliper

Continuous: sum of skin 
folds in centimetres

Anthropometric 
measurements followed 
the guidelines of the 
International Biological 
Program (IBP) [55]

Aerobic fitness Maximal Aerobic Power 
assessed with a maximal 
running test performed on a 
treadmill

Continuous: expressed as 
VO2max (ml·min-1·kg-2/3) 
relative to the individuals' 
body weight [56]. Converted 
into cl·min-1·kg-2/3 by dividing 
the original VO2max by 10

During the test, the slope of 
the treadmill was increased 
every 2 minutes by 2.5% or 
5%, depending on the heart 
rate of the subject, until 
exhaustion

Neuromotor fitness MOPER Fitness Test 
including four strength 
tests, two coordination 
& speed tests and one 
flexibility test

Continuous: test scores 
were converted into 
gender-specific z-scores. 
A sum score for strength, 
coordination & speed, and 
flexibility was calculated 
and divided by the number 
of tests each subject 
actually performed. Higher 
scores indicated better 
performance

In the 2000 follow-up 
measurement participants 
performed ten sit-ups 
instead of ten leg lifts.Tests 
were performed indoors 
and examined by trained 
researchers/research 
assistants

Appendix 2. Details on the assessment of potential person-related determinants of PA in the 
AGAHLS [13]

Appendix 2. Details on the assessment of potential person-related determinants of PA in the 
AGAHLS [13] (Continued)
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MPA VPA

Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Behavioural factors      

Alcohol consumption (Low/moderate)      

  No .91 (.77; 1.07) 1.00 (.86; 1.17)

  Above moderate 1.07 (.98; 1.18) 1.02 (.91; 1.13)

Smoking 1.06 (.95; 1.19) .83*** (.75; .92)

Energy intake (First tertile)            

  Second tertile 1.01 (.91; 1.12) 1.03 (.93; 1.14

  Third tertile 1.06 (.95; 1.19) 1.11 (.99; 1.24)

MPA VPA

Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Socio-demographic factors      

Marital status (Single)      

  Living together/married .91 (.80; 1.04) 1.05 (.94; 1.17)

  Divorced .99 (.83; 1.18) 1.10 (.81; 1.50)

Employment status (Full-time paid work)

  No paid work 1.30** (1.10; 1.53) .89 (.74; 1.06)

  Part-time paid work 1.27** (1.09; 1.46) 1.07 (.93; 1.23)

Physical factors      

Sum of skin folds in centimetres .98 (.94; 1.01) .96** (.93; .99)

Aerobic fitness in cl·min-1·kg-2/3 .97** (.96; .99) 1.05*** (1.03; 1.06)

MOPER strength .98 (.90; 1.08) 1.08 (.99; 1.19)

MOPER coordination & speed 1.00 (.95; 1.06) 1.05 (1.00; 1.11)

MOPER flexibility 1.03 (.98; 1.08) .99 (.95; 1.03)

Back problems 1.04 (.94; 1.14) .97 (.88; 1.06)

Not so good general health status 1.08 (.94; 1.25) .78** (.68; .90)

Psychological factorsb      

Problem-focused coping .96 (.89; 1.04) 1.01 (.95; 1.08)

Emotion-focused coping 1.00 (.96; 1.05) .98 (.94; 1.02)

Mild health complaints 1.08 (1.00; 1.17) .93* (.87; .99)

Inadequacy 1.07*** (1.04; 1.11) .97 (.94; 1.00)

Social inadequacy 1.04* (1.00; 1.08) 1.00 (.97; 1.04)

Rigidity 1.00 (.96; 1.03) .99 (.96; 1.02)

Self-sufficiency/recalcitrance 1.06* (1.01; 1.12) .99 (.94; 1.04)

Dominance .96* (.93; 1.00) .99 (.96; 1.03)

Hostility 1.08*** (1.03; 1.12) .98 (.95; 1.02)

Self-esteem .95** (.92; .98) 1.02 (.98; 1.07)

Appendix 3. Results of univariable GEE analyses presenting associations between person-related 
characteristics and physical activity for men (Continued)

Appendix 3. Results of univariable GEE analyses presenting associations between person-related 
characteristics and physical activity for men (Continued)

CI, confidence interval;
aFor continuous variables a value higher than 1 represents a higher physical activity level for each 
additional step on the determinant scale. For categorical variables a value higher than 1 represents 
higher physical activity levels compared with the reference category;
bFor all psychological variables the outcome signifies 5 steps on the scale;
Bold values represent statistically significant relationships: *p<.05; **p<.01; ***p<.001.
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Appendix 4. Results of univariable GEE analyses presenting associations between person-related
characteristics and physical activity for women (Continued)

CI, confidence interval;
aFor continuous variables a value higher than 1 represents a higher physical activity level for each 
additional step on the determinant scale. For categorical variables a value higher than 1 represents 
higher physical activity levels compared with the reference category;
bFor all psychological variables the outcome signifies 5 steps on the scale;
Bold values represent statistically significant relationships: *p<.05; **p<.01; ***p<.001.

MPA VPA

Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Behavioural factors

Alcohol consumption (Low/moderate)

  No .90* (.83; .98) .94 (.84; 1.06)

  Above moderate .95 (.88; 1.02) 1.02 (.93; 1.13)

Smoking 1.06 (.98; 1.15) .94 (.83; 1.07)

Energy intake (First tertile)

  Second tertile 1.07 (.99; 1.16) .93 (.84; 1.03)

  Third tertile 1.04 (.96; 1.13) 1.01 (.92; 1.12)

Appendix 4. Results of univariable GEE analyses presenting associations between person-related
characteristics and physical activity for women

MPA VPA

Independent factor (Reference category) effecta (95% CI) effecta (95% CI)

Socio-demographic factors

Marital status (Single)

  Living together/married .93 (.86; 1.01) 1.07 (.95; 1.20)

  Divorced 1.20* (1.04; 1.38) .90 (.70; 1.15)

Employment status (Full-time paid work)

  No paid work 1.13** (1.03; 1.23) 1.06 (.92; 1.23)

  Part-time paid work 1.07 (.99; 1.16) .96 (.86; 1.07)

Physical factors

Sum of skin folds in centimetres 1.00 (.98; 1.02) .97* (.94; 1.00)

Aerobic fitness in cl·min-1·kg-2/3 1.03*** (1.01; 1.05) 1.06*** (1.04; 1.08)

MOPER strength 1.02 (.97; 1.08) 1.07 (.97; 1.17)

MOPER coordination & speed .99 (.94; 1.03) 1.11*** (1.05; 1.18)

MOPER flexibility 1.05** (1.02; 1.09) 1.07** (1.03; 1.12)

Back problems .99 (.93; 1.06) .91 (.82; 1.00)

Not so good general health status .91 (.82; 1.01) .91 (.80; 1.03)

Psychological factorsb

Problem-focused coping 1.02 (.96; 1.08) 1.06 (.98; 1.15)

Emotion-focused coping 1.02 (.98; 1.05) .99 (.95; 1.03)

Mild health complaints 1.01 (.96; 1.06) .88*** (.82; .93)

Inadequacy 1.01 (.98; 1.03) .94*** (.90; .97)

Social inadequacy .98 (.96; 1.01) .93*** (.90; .96)

Rigidity 1.00 (.98; 1.03) .98 (.95; 1.01)

Self-sufficiency/recalcitrance 1.01 (.97; 1.06) .98 (.93; 1.04)

Dominance 1.00 (.97; 1.02) 1.08*** (1.04; 1.12)

Hostility 1.01 (.99; 1.04) .98 (.94; 1.02)

Self-esteem .98 (.95; 1.02) 1.08** (1.03; 1.13)
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INTRODUCTION
Lack of physical activity (PA) is regarded as a life course risk factor for cardiovas-
cular disease, diabetes, cancer, hypertension, obesity, depression and osteoporo-
sis [1]. Conversely, meeting guidelines for PA -defined as 30 minutes of mode-
rate-intensity PA on at least 5 days every week, 20 minutes of vigorous-intensity 
PA on at least 3 days ever week, or an equivalent combination, achieving 600 
metabolic equivalent (MET) minutes per week [2]- is associated with beneficial 
health outcomes across a variety of physical and mental conditions [3]. As such, 
identifying factors that influence compliance with PA guidelines is considered a 
health priority.

This is particularly important in young adult women, because, in Western coun-
tries, women in their twenties typically experience many life changes which may 
be associated with declining PA levels [4]. Furthermore, PA participation is found 
to be consistently lower in women than in men [5].

Previous studies have shown that, in women, education level is strongly asso-
ciated with PA, and that minority women are less active than their ‘white’ coun-
terparts [6]. Also, being married and motherhood are shown to be negatively 
associated with PA [7,8]. Results from a large scale Australian Health Survey have 
also shown that blue collar women are more likely to be insufficiently active than 
professional women [9]. Other studies have suggested a clustering of PA with 
potentially harmful health behaviours such as smoking, and drinking alcohol [10]. 
Almost all these findings have, however, come from cross-sectional studies or 
from cohort studies with short follow-up, typically in mid-age adults.

The aim of this study was to identify the biological, socio-demographic, work-
related and lifestyle determinants of PA in young adult Australian women over a 
period of nine years, when they were in their twenties and early thirties.

METHODS
Data were from the Australian Longitudinal Study on Women’s Health (ALSWH), 
which commenced in 1996. The study aim, rationale, recruitment procedures and 
protocol have been reported in detail elsewhere [11]. In brief, women were selec-
ted randomly from the national Medicare health insurance database (which in-
cludes all permanent residents of Australia), with oversampling of those living in 
rural and remote areas. Data were collected using mailed surveys. For the current 
study, we used data from the youngest cohort (birth years 1973-1978) collected 
in 2000, 2003, 2006 and 2009 (surveys 2-5, from now on referred to as S2, S3, S4 
and S5). As PA and other variables were assessed differently at baseline (1996; 
survey 1), these data were not included in the current study. Data were included 
in the analyses if women provided information on both the explanatory (biological, 
socio-demographic, work-related or lifestyle factors) and outcome (PA) variables 
in the same survey, in at least one year (i.e., in 2000, 2003, 2006 or 2009). Data 

ABSTRACT
Objectives 
To identify the biological, socio-demographic, work-related and lifestyle 
determinants of physical activity in young adult women.

Design 
Prospective cohort study.

Methods 
Self-reported data from 11,695 participants (aged 22-27 years in 2000) in the 
Australian Longitudinal Study on Women’s Health were collected over 9 years in 
2000, 2003, 2006 and 2009. Generalised Estimating Equations were used to exa-
mine univariable and multivariable associations of body mass index, country of 
birth, area of residence, education, marital status, number of children, occupa-
tional status, working hours, smoking, alcohol intake, and stress with physical 
activity status (active, ≥600 MET∙min/week; or inactive, <600 MET∙min/week, 
consistent with public health guidelines).

Results 
All variables were significantly associated with physical activity in univariable 
models. In the multivariable model, the lowest odds of being active (compared 
with the relevant reference categories) were for women who: were born in Asia 
(OR=.53), had less than 12 years of education (OR=.79), were married (OR=.66) 
or in a de facto relationship (OR=.79), had at least one child (OR ranging from 
.67 to .69), and were classified as non (OR=.66) or rare drinkers (OR=.79).

Conclusions 
These results are among the first to confirm the biological, socio-
demographic, work-related and lifestyle determinants of physical activity in 
women in their twenties and early thirties. These findings may be used to inform 
and improve the development of strategies, and to identify target groups most in 
need of intervention effort.  
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determinants and PA status in the current study sample, two different types of 
GEE analyses were carried out, each including data from each participant at each 
follow-up measurement: (1) age-adjusted univariable logistic GEE analyses asses-
sing the association between each independent variable and PA status separately; 
and (2) age-adjusted multivariable GEE analyses to identifying the most important 
determinants of PA status (see Figure 1). The multivariable GEE model included 
all independent variables that were significantly associated with PA in univari-
able analysis (p<.05). All GEE analyses were run with an exchangeable correlation 
structure, and were conducted in 2012 using SPSS version 20.0. All parameter 
estimates were expressed with a 95% confidence interval (95% CI) and statistical 
significance was set at p<.05. Before running the main analyses as described 
above, descriptive statistics (mean, SD and proportions) were run for all 
independent variables and PA.

Note: the main analyses were based on data from women who responded to at 
least one survey. To test the robustness of our results, both univariable and multi-
variable GEE analyses were repeated using only data from women who responded 
to all four surveys (n=5192).

from women who indicated needing regular help with daily tasks because of a 
long-term illness or disability (103, 94, 135 and 95 women at S2-S5, respectively) 
were excluded from the analyses, leaving a sample of 11,695 participants (79% of 
the baseline sample). Forty-four percent of these women completed four surveys, 
while 16%, 16% and 24% responded to one, two or three surveys, respectively. 
Compared with the 1996 Australian Bureau of Statistics census, women who par-
ticipated in the baseline survey in 1996 (41% response rate) were broadly repre-
sentative of the female population in this age group [11]. ALSWH is approved by 
the University of Queensland and the University of Newcastle Ethics Committees 
and all participants gave their written informed consent.

In the current study, PA (dependent variable) was assessed using a modified 
version of the Active Australia questionnaire [12], which assesses the frequency 
and total duration of walking, moderate, and vigorous intensity leisure time PA 
during the last week. This measure has been shown to have acceptable levels of 
test-retest reliability and validity (using both pedometer and accelerometer data 
as criterion measures) [12]. A PA score in metabolic equivalent (MET) minutes per 
week was derived using the following formula: MET∙min/week = (walking minutes 
x 3.0 METs) + (moderate minutes x 4.0 METs) + (vigorous minutes x 7.5 METs). PA 
scores were categorised as ‘inactive’ (<600 MET∙min per week) or ‘active’ (≥600 
MET∙min per week) according to public health guidelines [2].

We considered biological, socio-demographic, work-related and lifestyle fac-
tors as potential determinants (independent variables) of PA. Biological and 
socio-demographic factors included body mass index (BMI, calculated based on 
self-reported weight and height (weight(kg)/[height(m)]2), country of birth, area of 
residence, education, marital status and number of children. Work-related factors 
included occupational status and hours worked per week. Finally, lifestyle factors 
included smoking, alcohol status and stress. With the exception of country of 
birth, which was reported only in 1996, all variables included in current analy-
ses were assessed at every survey. All potential determinants were included as 
categorical variables, except for BMI. Copies of all the surveys, with individual 
questions, are available at www.alswh.org.au, and details of variable cate-
gorisation are shown in Appendix 1.

The core of a longitudinal study is that the same participants are measured re-
peatedly over time. As such, repeated observations from each participant are not 
independent of each other and estimation of the parameters of the statistical 
model should take into account within-participants correlations. Generalised 
Estimating Equations (GEE) adjust statistically for this within-participants corre-
lations, making the technique well suited for longitudinal data analyses [13]. GEE 
carries out pooled analysis of between-participants associations and 
within-participants associations. This means that the regression coefficient 
combines the within-participants and between-participants associations into one 
single coefficient [13]. To assess the longitudinal associations between potential 
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Figure 1A. Visual demonstration of which data are analysed in Generalized Estimating Equations 

(GEE). 
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Figure 1. Visual demonstration of which data are analysed in 
Generalised Estimating Equations (GEE)

RESULTS
Descriptive information about the study sample at different time points is presen-
ted in Table 1. The majority of women were born in Australia and lived in urban 
areas. By S5, more than half had completed a University or higher degree, almost 
two thirds were married, and more than 60% had at least one child. The propor-
tion of active women was stable over the first two surveys (55%), and declined to 
50% and 47% in 2006 and 2009, respectively.

Univariable models showed that all variables were significantly associated with PA 
status with most of the associations attenuated in the multivariable model (Table 
2). Only multivariable results are presented below.

The odds for being active declined with increasing BMI, meaning that women with 
higher BMI were significantly less likely to be active. Women born in Asia (com-
pared with Australian born women), those with lower educational qualifications 
than a University/higher degree, those who were married or in a de facto relation-
ship (compared with single women), and/or women who had at least one child 
(compared with childless women), were significantly less likely to be active. The 
only factor associated with increased odds of being active was area of residence: 
women who lived in rural areas were more likely to be active than their urban 
counterparts.

Women in white collar occupations were significantly less likely to be active than 
professional women, and those not in the workforce or working 25-34 hours per 
week, were significantly less likely to be active than full-time workers. Women 
who smoked, non- or rare drinkers, and women who were somewhat stressed 
were significantly less likely to be active than non-smokers, low risk drinkers, and 
not stressed women, respectively.

Of the categories significantly associated with PA status, odds were lowest (ORs 
≤.80; p<.001) for women born in Asia, those who had less than 12 years of edu-
cation, were married or in a de facto relationship, with at least one child, and 
women who were classified as non- or rare drinkers, compared with women in the 
respective referent categories for these variables.

Results were reasonably similar in univariable and multivariable GEE analyses 
when only data from women who responded to all 4 surveys were included (see 
Appendix 2). The only difference was that, in the multivariable model, living in a 
rural area was no longer significantly associated with women’s PA status, when 
only the ‘continuing’ women were included.

Participant A completed four surveys, while participant B completed three surveys. All data
from both participants A and B are included in the Generalised Estimating Equations (GEE),
e.g., data on number of children (independent variable) and data on PA (dependent variable)
from each survey are analysed simultaneously in the GEE model. 
The odds ration (OR) produced by GEE can be interpreted in two ways: (1) the ‘cross-sectional’
interpretation (between-participants) which implies that a participant in, for example, the
‘no child’ category, has an X times higher/lower oddsof being active than a participant in the 
‘one child’ category; and (2) the ‘longitudinal’ interpretation (within-participant), meaning 
that change in the predictor variable over 9 years, is associated with an X times higher/lower 
odds of moving to the physically active group, compared with the situation in which no change 
occurs in the predictor variable [13].
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Table 1. Biological, socio-demographic, work-related and lifestyle characteristics of 
the ALSWH participants from 2000 to 2009 (Continued)

S2 (2000) S3 (2003) S4 (2006) S5 (2009)

n=9336 n=8823 n=8761 n=7845

Work-related factors

Occupational status (%)

  No job 9.3 18.6 19.0 20.4

  Blue collar 7.4 6.8 6.0 5.4

  White collar 32.4 29.4 26.5 23.0

  Professional 44.9 44.0 46.5 49.3

Hours worked per week (%)

  None 15.0 17.3 18.5 20.0

  1-15 10.0 10.6 11.4 13.2

  16-24 7.6 7.6 9.7 12.9

  25-34 8.5 8.1 8.9 10.2

  35-40 27.9 25.0 24.0 19.7

  41-48 18.8 19.2 16.2 13.5

  ≥49 12.1 12.0 11.2 10.2

Lifestyle factors

Smoking status (%)

  Non-smoker 57.0 57.2 58.0 59.7

  Ex-smoker 14.4 18.4 22.2 25.8

  Current smoker 27.8 24.1 19.3 14.2

Alcohol status (%)

  Non-drinker 8.6 7.9 10.2 11.6

  Rare drinker 28.8 26.9 25.5 24.1

  Low risk drinker 58.2 61.2 60.2 59.6

  Risky/high risk drinker 3.7 3.6 3.7 4.4

Perceived stress (%)

  Not stressed 50.0 54.2 56.0 50.3

  Somewhat stressed 49.5 45.6 43.8 49.6

BMI, body mass index; S, survey; SD, standard deviation;
aDue to rounding and missing data, not all percentages of the categorical variables add up to 100%.

Table 1. Biological, socio-demographic, work-related and lifestyle characteristics of 
the ALSWH participants from 2000 to 2009

S2 (2000) S3 (2003) S4 (2006) S5 (2009)

n=9336 n=8823 n=8761 n=7845

Dependent variablea

Physical activity status (%)

  Active 55.2 55.1 50.1 47.2

Independent variable

Biological factors

Age (Mean (SD)) 24.6 (1.5) 27.6 (1.5) 30.6 (1.5) 33.7 (1.5)

BMI (Mean (SD)) 23.8 (4.9) 24.6 (5.4) 25.2 (5.6) 25.8 (5.8)

Socio-demographic factors

Country of birth (%)

  Australia 92.2 92.3 92.4 92.5

  Other English speaking country 3.5 3.5 3.5 3.8

  Europe 0.9 0.9 0.9 0.9

  Asia 1.9 1.8 1.7 1.5

  Other 0.8 0.8 0.7 0.7

Area of residence (%)

  Urban 54.9 57.9 59.5 58.8

  Rural 40.9 38.4 35.0 34.9

  Remote 3.8 3.7 4.2 3.5

Education (%)

  Less than 12 years of school 10.5 9.8 8.3 6.9

  Completed 12 years of school 23.2 19.1 16.3 13.4

  Post school/technical school 23.5 25.1 27.4 25.9

  University degree/higher degree 39.2 43.7 47.7 51.7

Marital status (%)

  Single 53.1 34.6 22.6 16.8

  De facto 20.6 20.0 19.1 15.2

  Married 24.4 41.2 53.5 62.3

  Separated/divorced/widowed 1.5 3.7 4.4 5.4

Number of children (%)

  None 80.1 63.8 51.4 36.5

  1 11.5 16.3 19.9 19.5

  2 6.5 11.8 18.7 28.9

  ≥3 1.9 4.9 9.0 14.6
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Explanatory variable (Reference category)

Biological factor

BMI .97*** (.96; .97) .97*** (.97; .98)

Socio-demographic factors

Country of birth (Australian born)

  Other English speaking country 1.07 (.93; 1.22) 1.00 (.86; 1.15)

  Europe 1.02 (.77; 1.35) .92 (.69; 1.23)

  Asia .63*** (.51; .76) .53*** (.43; .66)

  Other .98 (.73; 1.32) .87 (.63; 1.19)

Area of residence (Urban)

  Rural .92** (.87; .97) 1.09** (1.03; 1.16)

  Remote .85** (.75; .96) 1.05 (.91; 1.21)

Educational qualification 
(University degree/higher degree)

  Less than 12 years of school .52*** (.48; .57) .79*** (.71; .89)

  Completed 12 years of school .65*** (.61; .69) .85*** (.78; .93)

  Post school/technical school .68*** (.64; .73) .87*** (.80; .93)

Marital status (Single)

  De facto .71*** (.67; .76) .79*** (.73; .85)

  Married .52*** (.49; .55) .66*** (.62; .71)

  Separated/divorced/widowed .71*** (.63; .80) 1.00 (.87; 1.14)

Number of children (None)

  1 .51*** (.48; .54) .68*** (.62; .73)

  2 .52*** (.49; .55) .67*** (.62; .73)

  ≥3 .51*** (.46; .56) .69*** (.61; .77)

Explanatory variable (Reference category)

Work-related factors

Occupational status (Professional)

  No job .58*** (.54; .62) .97 (.87; 1.07)

  Blue collar .74*** (.67; .81) .94 (.83; 1.05)

  White collar .74*** (.70; .78) .88*** (.82; .95)

Hours worked per week (35-40)

  None .59*** (.55; .63) .84** (.75; .93)

  1-15 .75*** (.69; .81) .97 (.88; 1.07)

  16-24 .74*** (.68; .80) .94 (.86; 1.04)

  25-34 .77*** (.71; .84) .91* (.83; .99)

  41-48 1.11** (1.04; 1.19) 1.06 (.98; 1.14)

  ≥49 1.06 (.98; 1.15) 1.01 (.92; 1.10)

Lifestyle factors

Smoking status (Non-smoker)

  Ex-smoker .89*** (.84; .95) .98 (.92; 1.05)

  Current smoker .85*** (.80; .90) .83*** (.77; .89)

Alcohol status (Low risk drinker)

  Non-drinker .53*** (.49; .58) .66*** (.60; .72)

  Rare drinker .66*** (.62; .69) .79*** (.74; .84)

  Risky/high risk drinker .90 (.81; 1.01) .89 (.79; 1.02)

Being somewhat stressed .94** (.90; .99) .92** (.87; .96)

Table 2. Univariable and multivariable age-adjusted GEE analyses showing the odds for 
being physically active, by each category of the explanatory variable compared with the 

reference category (in parentheses) (Continued)

BMI, body mass index; CI, confidence interval; OR, odds ratio;
aAll the explanatory variables (i.e., BMI, country of birth, area of residence, educational qualifica-
tion, marital status, number of children, occupational status, hours worked per week, smoking, 
alcohol status and stress) are included in a single model. The model was adjusted for age;
bAn OR higher than 1 represents an increased likelihood for being physically active. An OR lower 
than 1 represents a decreased likelihood for being physically active;
Bold values represent statistically significant relationships: *p<.05; **p<.01; ***p<.001.

Table 2. Univariable and multivariable age-adjusted GEE analyses showing the odds for 
being physically active, by each category of the explanatory variable compared with the 

reference category (in parentheses)

Univariable analysis
ORsb       (95% CI)

Multivariable modela

ORs   (95% CI)
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skills to act on this information than less educated people. With regard to the 
latter, research has demonstrated that among Australian women these so called 
marker of life skills are positively associated with leisure time PA [22]. As such, 
more targeted approaches to promoting PA may be required for less educated 
population groups.

Results from a cross-sectional study of 13,496 US adults aged 18-64 years, 
suggest that married adults spend less time exercising than unmarried adults 
[23]. In contrast, there was no significant association between marriage and PA 
in a smaller and younger sample of 646 US adults aged 25 years at baseline [24]. 
Similar to the first study, our results showed that, compared with single women, 
those who were married or living with a partner, were significantly less likely to be 
active. Reflecting their domestic and family responsibilities, these women may be 
less physically active because of time and financial constraints. Bellows-Riecken 
et al [25] reported a negative relationship between parenthood and activity level, 
but ambiguous evidence on the associations with number of children. We found 
that having a child, compared with being childless, was associated with lower 
odds of being active. Having more children was not associated with further odds 
reduction. For young mothers, barriers to PA may include lack of time, money and 
energy, and a sense of commitment to children, partner or work, instead of com-
mitment to themselves. Developing family-based interventions which encourage 
women to be physically active with their partner and/or child may help women to 
overcome these barriers.

Laaksonen et al [26] reported a positive prospective association between alcohol 
use and physical inactivity, while other research (in a sample of 41,104 US adults) 
has shown that moderate drinkers were about twice as likely as abstainers to 
exhibit a physically active lifestyle [27]. In accordance with the latter finding, our 
results suggest that non- and rare drinkers are considerably less likely to be 
physically active than low risk drinkers. A recent study among men and women 
(median age 55 years) from four population-based studies in the UK, showed that 
moderate drinking combined with higher levels of PA resulted in lower cardio-
vascular and all-cause mortality risk than low PA combined with high levels of 
alcohol or low PA combined with no alcohol consumption [28]. Another study 
among healthy women only (aged 30-60 years), showed that moderate alcohol 
consumption was associated with several important indicators for diabetes risk 
reduction [29]. Yet, these studies suggest that moderate levels of alcohol con-
sumption may improve physical health. This could explain our finding, as good 
general health probably affects leisure time PA participation [30]. Alternatively, 
our finding may also be explained by the cultural association between alcohol and 
sports in Australia. Unfortunately, to our knowledge there are not many studies 
that examined the association between alcohol consumption and physical activity 
in young adult women, or the association between alcohol consumption, physical 
activity and health in this age group. We therefore recommend future research to 
elaborate on this topic.

DISCUSSION
The findings confirmed that biological, socio-demographic, work-related and 
lifestyle variables are all associated with PA status in young adult Australian 
women. While previous research has shown some of these relationships in 
cross-sectional models, few previous studies have used longitudinal models to 
identify the determinants of PA at this life stage.

Multivariable analysis showed that women born in Asia were less likely to be ac-
tive than those born in Australia. A review by Fischbacher et al [14] also reported 
lower PA levels in South-Asians living in the UK, compared with the ‘white’ or 
European population. Moreover, a large study conducted in the US showed that 
both foreign-born and US-born Asian-Americans were less likely to meet recom-
mended leisure time PA levels than US-born non-Asians, though foreign-born 
Asians were least likely to participate in leisure time PA [15]. According to Hayes 
et al [16] the difference in PA participation between ‘native’ and ‘immigrant’ 
groups is explained by differences in cultural attitudes and beliefs which discou-
rage PA (e.g., perceiving large body sizes as healthier), as well as socio-economic 
disadvantage. Alternatively, Fischbacher et al [14] argue that cultural differences 
may influence the interpretation of questions on moderate and vigorous PA, resul-
ting in culturally biased reporting of activity levels. Nevertheless, as the Australian 
Bureau of Statistics has estimated that Asians are among the fastest-growing 
immigrant groups in Australia [17], and our results add to the existing evidence 
showing that Asians (or in particular Asian women) are less physically active than 
their native counterparts, we suggest that they should be considered a high-risk 
population and priority focus when facilitating and promoting PA behaviour. 

In line with this suggestion, Liu and colleagues [18] recently published an exten- 
sive report on the cross-cultural appropriateness and effectiveness of interven-
tions that aim to increase PA among African-, Chinese- and South Asian-origin 
populations in the UK. The authors make a strong case for the necessity of such 
culturally adapted approaches in the UK and beyond, but conclude that at this 
point there is yet insufficient evidence on the effectiveness of these interventions.

In line with previous research among US young adults [19] we found that women 
with lower qualifications were less likely to be active than women with a Univer-
sity/higher degree. One explanation for this finding might be that less educated 
women have more physical jobs, and therefore participated in less PA during 
leisure time. This assumption is supported by a systematic literature review on 
socio-economic inequalities in PA behaviour [20], which showed that occupational 
PA is more prevalent among lower socioeconomic groups and that lower socio-
economic groups participated less in leisure time PA. Alternatively, less educated 
women may (i) have limited access to healthcare and receive less advice about 
PA and; (ii) not have enough money to join a sporting club or gym. Cutler and 
Lleras-Muney [21] have proposed that more educated people appear to be better 
informed about the health benefits of several behaviours, and may have better 
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A major strength of this study is the large sample size of ≥11,000 randomly se-
lected women [11]. Use of prospective data, and longitudinal analysis techniques 
add to the strength of the current findings. We purposively did not use time-lag 
models to try to demonstrate cause-effect relationships in the traditional sense, 
but instead we used GEE models that capture the changing status of all the de-
terminants and PA status, as well as the relationships between them, over time. 
The main limitation is that data were based on self-report which is vulnerable to 
recall or social desirability bias when reporting behaviour. Given the financial and 
logistic constraints, use of more objective methods is not feasible in a populati-
on-based sample of this size.

CONCLUSIONS
Our findings add to the limited longitudinal research on determinants of PA 
among young adult women who are, due to the emergence of influential life 
changes, particularly vulnerable to physically inactive behaviour. Biological, 
socio-demographic, work-related and lifestyle factors are all related to PA over a 
period of nine years at this life stage, and the findings may be used to inform the 
development of strategies, and to identify target groups most in need of interven-
tion effort.

Practical implications
• This is one of the first studies to examine the longitudinal determinants of   

physical activity among women in their twenties and early thirties.
• By identifying important determinants of physical activity, this study provides  
 useful information for intervention development targeting young women. 
 Identifying determinants of behaviour and specific sub-groups who are most 
 ‘at risk’ should be the first step in developing strategies for behaviour change.
• This study shows that women who: (i) were born in Asia; (ii) have less than 12 
 years of education; (iii) are married or in a de facto relationship; (iv) have at 
 least one child; and (v) are non-drinkers or rarely drink, are primary targets 
 for physical activity promotion action.
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Variable Categories Additional information

Lifestyle factors

Smoking status Non-smoker; ex-
smoker; current 
smoker

Alcohol consumption Non-drinker; rare 
drinker; low risk 
drinker; risky/high risk 
drinker

Based on the (Australian) National Health 
and Medical Research Council (NHMRC) 
guidelines [33]

Perceived stress Not stressed; 
somewhat stressed

Derived from mean stress score as 
measured by the Perceived Stress 
Questionnaire for Young Women (PSQYW) 
[34]. Due to a skewed distribution at each 
survey the following cut offs were used: 
0.80 at S2, 0.82 at S3 and S4, 0.73 at S5

Appendix 1. Details of the categorical variables used in the current study (Continued)

Variable Categories Additional information

Socio-demographic factors

Country of birth Australian born, born 
in other country with 
English speaking 
background; European; 
Asian; other

Educational qualification Less than 12 years 
of school; completed 
12 years of school; 
post school/technical 
school; University 
degree/higher degree

Area of residence Urban; rural; remote Derived from post-code, and categorised 
according to the Rural, Remote and 
Metropolitan Areas (RRMA) Index [31]

Marital status Single; de facto; 
married; Separated/
divorced/widowed

Few women indicated to be either 
separated, divorced or widowed (ranging 
from 1.5% at S2 to 5.5% at S5), therefore 
these categories were collapsed

Number of children None; one; two; three 
or more

The category ‘three or more’ was created 
because few women were living with 
more than three children (ranging from 
0.5% at S2 to 3.4% at S5)

Work-related factors

Occupational status No job; blue collar; 
white collar; 
professional

Based on the Australian Standard 
Classification of Occupations i.e., 
professionals (e.g., general manager, 
doctor, police officer); white collar 
workers (e.g., secretary, nursing 
assistant, parking inspector); blue collar 
workers (e.g., florist, bus driver, kitchen 
hand) [32]

Hours worked per week None; 1-15 h/wk; 16-24 
h/wk; 25-34 h/wk; 35-
40 h/wk; 41-48 h/wk; 
≥49 h/wk

Calculated as the sum of hours spent 
in full-time, permanent part-time and 
casual paid work, and work without pay

Appendix 1. Details of the categorical variables used in the current study
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Explanatory variable (Reference category)

Work-related factors

Occupational status (Professional)

  No job .60*** (.55; .65) .95 (.84; 1.09)

  Blue collar .88 (.77; 1.01) 1.08 (.93; 1.27)

  White collar .78*** (.72; .83) .91* (.83; .99)

Hours worked per week (35-40)

  None .60*** (.55; .65) .86* (.75; .99)

  1-15 .72*** (.65; .79) .95 (.84; 1.08)

  16-24 .74*** (.67; .82) .93 (.83; 1.05)

  25-34 .76*** (.68; .84) .89* (.79; .99)

  41-48 1.09* (1.00; 1.19) 1.05 (.95; 1.15)

  ≥49 1.05 (.95; 1.16) .99 (.89; 1.10)

Lifestyle factors

Smoking status (Non-smoker)

  Ex-smoker .91* (.84; .99) .99 (.90; 1.08)

  Current smoker .85*** (.78; .93) .79*** (.72; .87)

Alcohol status (Low risk drinker)

  Non-drinker .53*** (.47; .59) .64*** (.56; .72)

  Rare drinker .69*** (.64; .74) .80*** (.74; .86)

  Risky/high risk drinker .95 (.81; 1.11) .90 (.75; 1.07)

Being somewhat stressed .94 (.89; 1.00) .93* (.87; .99)

Univariable analysis
ORsb     (95% CI)

Multivariable modela

ORs         (95% CI)

Appendix 2. Univariable and multivariable age adjusted GEE analyses of women who completed 
all four surveys (n=5,192) showing the odds for being physically active by each category of the 
explanatory variable compared with the reference category (in parentheses) (Continued)

BMI, body mass index; CI, confidence interval; OR, odds ratio;
aAll the explanatory variables (i.e., BMI, country of birth, area of residence, educational 
qualification, marital status, number of children, occupational status, hours worked per week, 
smoking, alcohol status and stress) are included in a single model. The model was adjusted 
for age;
bAn OR higher than 1 represents an increased likelihood for being physically active. An OR lower 
than 1 represents a decreased likelihood for being physically active;
Bold values represent statistical significant outcomes: * p<.05; ** p<.01; ***p<.001;
Underlined values are statistically significant in the sample used for the original study (n=11,695).

Appendix 2. Univariable and multivariable age adjusted GEE analyses of women who completed 
all four surveys (n=5,192) showing the odds for being physically active by each category of the 
explanatory variable compared with the reference category (in parentheses)

Explanatory variable (Reference category)

Biological factor

BMI .97*** (.96; .97) .97*** (.96; .98)

Socio-demographic factors

Country of birth (Australian born)

  Other English speaking country 1.10 (.90; 1.33) 1.04 (.86; 1.27)

  Europe .88 (.59; 1.31) .86 (.58; 1.28)

  Asia .58*** (.43; .79) .46*** (.34; .63)

  Other 1.10 (.67; 1.80) .90 (.55; 1.48)

Area of residence (Urban)

  Rural .92* (.86; .98) 1.07 (.99; 1.15)

  Remote .59 (.52; .68) 1.03 (.86; 1.24)

Educational qualification (University degree/higher 
degree)

  Less than 12 years of school .59*** (.52; .68) .83* (.71; .98)

  Completed 12 years of school .67*** (.61; .74) .86** (.77; .96)

  Post school/technical school .74*** (.68; .80) .89* (.81; .98)

Marital status (Single)

  De facto .71*** (.65; .77) .75*** (.69; .83)

  Married .53*** (.49; .58) .67*** (.61; .74)

  Separated/divorced/widowed .79*** (.67; .94) 1.00 (.83; 1.20)

Number of children (None)

  1 .50*** (.46; .54) .65*** (.59; .72)

  2 .51*** (.47; .56) .64*** (.57; .72)

  ≥3 .51*** (.45; .58) .65*** (.56; .76)

Univariable analysis
ORsb      (95% CI)

Multivariable modela

ORs     (95% CI)
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INTRODUCTION
Sitting could be adversely associated with various health outcomes such as weight 
gain, cardiovascular disease and type 2 diabetes [1-3]. Even when correcting for 
physical activity, the detrimental consequences of sitting may remain [2,3]. As 
such, sedentary behaviour (e.g., during transportation, TV viewing, computer use 
at work or at home), is considered as a distinct behaviour that requires scientific 
consideration [4,5].

The change in thinking about sitting as a ‘unique’ behaviour rather than the 
mere absence of physical activity [6], is mirrored by the increase in research that 
has been carried out over the past decade that aims to understand the scope of 
sitting. In 2011, Baumann and colleagues [7] presented a 20-country international 
study in which they reported a median sitting time of 300 minutes per day among 
almost 50.000 adults. Since then, other studies have reported the country-specific 
prevalence of sitting time, indicating that sedentary behaviour increased over the 
years, and that a larger proportion of sedentary time is now spent in screen-based 
behaviours [8-10].

Besides describing the epidemiology of sitting, previous studies also tried to 
assess which people sit most and why they are sitting. Rhodes et al [11] reviewed 
the literature on adult sedentary behaviour and noted that the most commonly 
studied type of sitting was TV viewing, and that socio-demographic (e.g., age, 
education), cognitive (e.g., attitude), and lifestyle variables (e.g., smoking) were 
associated with sedentary behaviour. Another key finding of this literature review 
was that factors that were associated with sitting differed by the type of sedentary 
behaviour (e.g., TV viewing, computer use). Also, much of the available evidence 
relevant to understanding factors that influence sedentary behaviour has been de-
rived from studies with cross-sectional designs, which means that upon these data 
only conclusions on the cross-sectional correlation between two factors can be 
drawn, and that determinants of sedentary behaviour could not be assessed [12].

In the Netherlands the proportion of sitting during leisure time that comes from 
TV viewing and computer use has increased from 26% in 1975 to 43% in 2005 
[10]. To date, the determinants of computer use are largely unknown, and only 
few longitudinal studies have assessed potential determinants of screen time. 
Understanding the determinants of screen time is important for the development 
of health promoting interventions, and for identifying which population subgroups 
are mostly engaged in screen-based behaviours and are thus most likely to 
benefit from behaviour change interventions. In the current study we, therefore, 
examined the associations of potential socio-demographic, physical, psychological 
and lifestyle factors and self-rated health with both TV viewing and computer time 
in Dutch young adults.

ABSTRACT
We aimed to assess the associations of person-related factors with leisure time 
TV viewing and computer time among young adults. We analysed self-reported 
TV viewing (hours/week) and leisure computer time (hours/week) from 475 Dutch 
young adults (47% male) who had participated in the Amsterdam Growth and 
Health Longitudinal Study at the age of 32 and 36 years. Socio-demographic fac-
tors (i.e., marital and employment status), physical factors (i.e., skin folds, aerobic 
fitness, neuromotor fitness, back problems), psychological factors (i.e., problem 
and emotion-focused coping, mild health complaints, personality), lifestyle (i.e., 
alcohol consumption, smoking, energy intake, physical activity), and self-rated 
health (i.e., general health status, mild health complaints) were assessed. 
Univariable and multivariable Generalised Estimating Equations were performed. 
Male gender, higher sum of skin folds, lower values of aerobic fitness, higher 
rigidity, higher self-sufficiency/recalcitrance, and smoking, were positively 
associated with TV time. Male gender, higher sum of skin folds, higher scores on 
self-esteem, low energy intake and a not so good general health status were 
significantly associated with higher computer time. Determinants of TV viewing 
and computer time were not identical suggesting that both behaviours i) have 
different at-risk populations and, ii) should be targeted differently.
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Socio-demographic factors
Gender, marital status (i.e., single; living together/married; divorced) and employ-
ment status (i.e., having full-time paid work; having part-time paid work; having 
no paid work) were self-reported.

Physical factors
Skin folds (i.e., bicipital, tricipital, subscapular, and suprailiacal) were measured 
with a Harpenden skin fold calliper (Holtain, UK; van Rietschoten & Houwens, the 
Netherlands) and a sum score (cm) was calculated. As a measure of aerobic fit-
ness, VO2max was assessed by a maximal running test performed on a treadmill, 
and expressed in cl·min-1·kg-2/3 relative to the individuals body weight [17]. The 
MOPER Fitness Test [18], including four strength tests, two coordination/speed 
tests and one flexibility test, was used to assess participants’ neuromotor fitness 
(see Table 1 for a brief description of the individual tests and their metric units). 
For the current analyses, test scores were converted into sex-specific z-scores. 
A sum score for (i) strength, (ii) coordination & speed, and (iii) flexibility was 
calculated and divided by the number of tests each subject had actually per-
formed, with higher scores indicating better performance. Finally, self-reported 
back problems (yes; no) were assessed. Details on the above measures have been 
extensively reported previously [19].

Psychological factors
Coping style was assessed by means of the Ways of Coping Checklist [20], and a 
sum score for problem-focused coping and emotion-focused coping was calcula-
ted. Personality (i.e., inadequacy, social inadequacy, rigidity, self-sufficiency/recal-
citrance, dominance, hostility, self-esteem) was assessed by the Dutch 
Personality Inventory [21]. We calculated a sum score for each personality trait 
from the items of the respective questionnaire.

Lifestyle factors
Grams of alcohol consumed per week and energy intake (kcal/day) were assessed 
by means of a cross-check dietary history interview [22,23]. Regarding alco-
hol consumption, participants were further categorised as non-, low/moderate 
consumers, and above moderate consumers based on sex-specific cut points as 
published by the Health Council of the Netherlands (2006) (i.e., men: 0; >0<140; 
≥140 grams/wk; women: 0; >0<70; ≥70 grams/wk). Regarding energy intake, we 
calculated sex-specific tertiles. Smoking (yes; no) was self-reported. Finally, habi-
tual physical activity (min/week) was assessed using a semi-structured interview 
covering physical activities over the previous three months. In this interview in-
formation was assessed on participation in (un)organised sports activities, active 
transportation to and from school/work, physical exertion at school/work, stair 
climbing and other leisure-time activities [19]. Due to the physical activity data 
being skewed, we calculated sex- and time specific tertiles.

MATERIALS AND METHODS

Sample
This study was conducted as part of the Amsterdam Growth and Health Longi-
tudinal Study (AGAHLS), an observational longitudinal study which commenced 
in the school year 1976/1977, and was designed to monitor the development of 
various growth, health and lifestyle indicators in 13-year old Dutch adolescents 
[13,14]. Approximately, 300 pupils of a secondary school located in Amsterdam 
(the longitudinal cohort) were examined at age 13, 14, 15, 16, 21, 27, 29, 32, 36 
and 42. The last measurement took place in 2006. At each of the first four annual 
measurements a different 25% from a pool of 292 pupils of a second secondary 
school located in Purmerend was examined as well in each subsequent year. 
These subjects acted as controls to detect testing, learning and/or cohort effects 
in the original sample caused by repeated assessments. From age 32 (1996/1997) 
participants who had been part of the control cohort during the 70ies were invited 
to take part in the AGAHLS again [14]. 

For the 1996/1997 and 2000 measurement, all who were originally included in 
the longitudinal or control cohort (around 600 people) were invited to take part. In 
1996/1997, 431 (72%) of the invited adults attended the measurement and in 2000 
408 (68%) adults participated in the study. Additional information on the study 
rationale, recruitment procedures and protocol, as well as detailed information on 
study attrition have been reported previously [15,16].

Screen time, i.e., TV viewing (hours/week) and computer time (hours/week) were 
measured in 1996/1997, 2000 and 2006. Some socio-demographic, physical, 
psychological and lifestyle factors and self-rated health were assessed differ-
ently in 2006 (wave 10). Therefore, for the current study we used data collected in 
1996/1997 and 2000. Participants were included if they had data on socio-
demographic, physical, psychological or lifestyle factors or self-rated health and 
TV viewing and/or computer time in at least one of the two measurements. This 
resulted in a sample of 475 participants (47% male). The AGAHLS was approved 
by the medical ethics committee of the VU University Medical Center, Amsterdam, 
the Netherlands [13]. All subjects gave their written informed consent.

Screen time
The following question was used to assess self-reported TV viewing: ‘How many 
hours on average did you spend watching television or video during the week/
weekend over the last three months?’. To assess computer time participants ans-
wered the following question: ‘How many hours on average did you spend in front 
of the computer during the week/weekend during leisure time over the last three 
months?’. For the current study we calculated the average total hours per week 
spent on i) TV viewing during leisure, and ii) using the computer during leisure.
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RESULTS
Table 1 shows descriptive information of the study sample at different time points. 
At both waves, the majority of the participants were female, living together or 
married and had full-time paid work. Time spent TV viewing increased from an 
average of 14 hours per week in 1996/1997 to an average of 18 hours per week in 
2000. Leisure-time computer time increased from an average of 2 hours per week 
in 1996/1997 to an average of 3 hours per week in 2000 (in Table 1, the median and 
interquartile range are shown).

Determinants of TV viewing
Univariable models showed that a higher sum of skin folds was significantly as-
sociated with more TV viewing during leisure, meaning that with every additional 
cm sum of skinfolds TV viewing time was .59 h/wk higher (B=.59, 95% CI .25-.94). 
Also, lower values of aerobic fitness, lower strength performance, and lower 
coordination and speed performance were significantly associated with more TV 
viewing. Participants scoring higher on rigidity, self-sufficiency/recalcitrance and 
hostility, spent significantly more time TV viewing. Finally, non-drinkers and smo-
kers spent significantly more time TV viewing than low/moderate alcohol consu-
mers and non-smokers, respectively (Table 2).

In the multivariable model, male gender, higher sum of skin folds, lower values of 
aerobic fitness, higher rigidity, higher self-sufficiency/recalcitrance, and smoking, 
were positively associated with TV time (Table 3).

Self-rated health
Self-reported general health status (good; not so good) was assessed. The 
shortened version of the Checklist on Experienced Health (CLEH) [24] was used 
for assessing participants’ mild health complaints (i.e., functional complaints re-
sulting from stress). We included a sum score of weighed items [24] in the current 
analyses. 

TV viewing (hours/week), computer time (hours/week) and all potential socio-
demographic, physical, psychological and lifestyle factors and self-rated health 
were assessed in 1996/1997 and 2000, and analysed simultaneously.

Statistical analysis
Descriptive statistics (mean, SD and proportions) were run for all independent 
variables as well as for TV viewing and computer time. We checked normal 
distribution of TV viewing and computer time by plotting histograms with normal 
curves for both outcome measures. TV viewing was normally distributed, however, 
computer time was not. Therefore, the latter was dichotomised based on the time 
specific median (i.e., in 1996/1997 and 2000).

In longitudinal studies the same participants are measured repeatedly over time. 
As such, repeated observations from each subject are dependent of each other 
and estimation of the parameters of the statistical model should take into account 
the possibility of within-subject correlation. Generalised Estimating Equations 
(GEE) is a statistical technique that adjusts for within-subject correlation, making 
the technique well-suited for longitudinal data analyses. In all GEE analyses, TV 
viewing or computer time assessed at age 32 and age 36 were analysed simulta-
neously with the independent variables assessed at both measurement waves. 

Thus, to assess the association between each potential determinant and TV viewing and 
computer time respectively, we stepwise conducted the following analyses:

1)  Age-adjusted univariable GEE;
2)  Age-adjusted univariable GEE with an added interaction term for gender to 

check for effect modification;
3)  Age-adjusted multivariable GEE including all potential determinants (i.e., 

marital and employment status, skin folds, aerobic fitness, neuromotor fitness, 
back problems , problem and emotion-focused coping, personality, alcohol 
consumption, smoking, energy intake, physical activity, general health status, 
mild health complaints).

Independent variables with the highest p values were removed one by one from 
the multivariable model, until only variables with p<.05 remained. All parameter 
estimates were expressed with a 95% confidence interval (95% CI), and results 
were considered significant when p<.05. Analyses were conducted with the 
Statistical Package of Social Sciences (SPSS), 20.0.
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1996/1997 2000

n=431 n=406

Physical factors

Sum of skin folds in cm 5 (2) 5 (2)

Aerobic fitness in cl·min-1·kg-2/3 18 (3) 19 (4)

Neuromotor fitness

Strength

  arm pull in kg 57 (19) 54 (20)

  standing high jump in cm 48 (10) 45 (10)

  flexed arm hang in sec 21 (16) 15 (14)

  10 leg lifts in sec 13 (2) 13 (3)

Coordination & speed

  sprinting in sec 17 (2) 17 (2)

  plate tapping in sec 9 (1) 9 (1)

Physical flexibility

  sit and reach in cm 37 (9) 36 (10)

Back problems (%)a

  No 74 70

  Yes 25 22

Psychological factors

Problem-focused coping [range=0-24] 16 (3) 16 (3)

Emotion-focused coping [range=0-40] 18 (5) 18 (5)

Inadequacy [range=0-42] 8 (6) 8 (7)

Social inadequacy [range=0-30] 8 (7) 7 (7)

Rigidity [range=0-50] 22 (7) 23 (7)

Self-sufficiency/recalcitrance [range=0-32] 9 (4) 9 (4)

Dominance [range=0-34] 17 (7) 17 (7)

Hostility [range=0-38] 13 (6) 13 (6)

Self-esteem [range=0-38] 30 (5) 30 (6)

Table 1. Characteristics of AGAHLS participants at age 32 and 36. 
Numbers represent means (sd) if not indicated otherwise (Continued) 

1996/1997 2000

n=431 n=406

DEPENDENT VARIABLES

TV viewing (hours/week) 14 (8) 18 (8)

Computer time (hours/week)
(median (interquartile range))

0 (2) 2 (4)

INDEPENDENT VARIABLES

Socio-demographic factors

Age 32 (1) 36 (1)

Gender

  Male 46 45

  Female 54 55

Marital status (%)a

  Single 20 17

  Living together/married 76 79

  Divorced 2 3

Employment status (%)a

  No paid work 10 8

  Part-time paid work 34 42

  Full-time paid work 56 50

Table 1. Characteristics of AGAHLS participants at age 32 and 36. 
Numbers represent means (sd) if not indicated otherwise
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Determinants of computer time
Univariable models showed that males were almost 2.7 times as likely to have 
high leisure computer time (OR for females = .37, 95% CI .27-.51; OR for males = 
2.7, 95% CI 2.0-3.7). People with full-time paid work were significantly more likely 
to have higher leisure computer time than people who did not work or worked 
part time. Also, higher values of aerobic fitness were significantly associated with 
higher computer time. Finally, lower scores on emotion-focused coping, inade-
quacy and social inadequacy and higher scores on dominance and self-esteem 
were significantly associated with reporting higher computer time during leisure 
(Table 2).

In the multivariable model being male, a higher sum of skin folds, higher scores 
on self-esteem, low energy intake and a not so good general health status were 
significantly associated with higher leisure time computer time (Table 3).

For TV viewing, no interaction effects with gender were found (data not shown). 
Since only two of the univariable associations between potential determinants 
and computer time were different for men and women (i.e., we found a significant 
interaction with gender for inadequacy and social inadequacy, data not shown), 
the analyses were not ran for men and women separately.

1996/1997 2000

n=431 n=406

Lifestyle factors

Alcohol consumption (%)a

  No 19 13

  Low/moderate 54 45

  Above moderate 25 33

Smoking (%)a

  No 78 77

  Yes 22 23

Energy intake in Kcal per day 2599 (729) 2620 (697)

Self-rated health

General health status (%)a

  Good 76 87

  Not so good 13 13

Mild health complaints [range=0-18] 3 (3) 3 (4)

Table 1. Characteristics of AGAHLS participants at age 32 and 36. 
Numbers represent means (sd) if not indicated otherwise (Continued)

sd, standard deviation; cl, centilitres; cm, centimetres; kg, kilograms; min, minutes; sec, seconds;
aDue to rounding and missing data, not all percentages of the categorical independent 
variables add up to 100%.
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Independent factor (Reference category) B  (95% CI) OR  (95% CI)

Lifestyle factors

Alcohol consumption (Low/moderate)

  No 1.57* (0.13; 3.00) 0.79 (0.53; 1.17)

  Above moderate -0.33 (-1.41; 0.75) 0.91 (0.65; 1.27)

Smoking 1.57* (0.09; 3.04) 0.75 (0.53; 1.06)

Energy intake (First tertile)

  Second tertile 0.14 (-0.98; 1.27) 0.83 (0.58; 1.17)

  Third tertile 0.84 (-0.54; 2.22) 0.70 (0.49; 0.98)

Physical activity (First tertile)

  Second tertile 0.05 (-1.14; 1.17) 1.12 (0.81; 1.53)

  Third tertile 0.01 (-1.06; 1.15) 0.86 (0.61; 1.21)

Self-rated health

Not so good general health status 0.67 (-0.94; 2.28) 1.24 (0.83; 1.86)

Mild health complaints 0.59 (-0.24; 1.42) 0.92 (0.75; 1.14)

TV viewing 
during leisure

Higher computer time 
during leisurea

Table 2. Results of age-adjusted univariable GEE analyses presenting associations between 
person-related characteristics and TV viewing and computer time during leisure in AGAHLS 

participants (Continued)

AGAHLS Amsterdam Growth and Health Longitudinal Study; cl, centilitres; cm, centimetres; kg, 
kilograms; min, minutes;
aComputer time was originally assessed in hours per week, but due to skewness for the current 
study dichotomised based on its time specific median: i.e., 0.00 (1996/1997) and 1.50 (2000). Higher 
computer time therefore refers to computer time above the respective median;
Bold values indicate statistical significance: *p<.05; **p<.01; ***p<.001.

Independent factor (Reference category) B  (95% CI) OR   (95% CI)

Socio-demographic factors

Female gender -1.10 (-2.36; 0.16) 0.37*** (0.27; 0.51)

Marital status (Single)

  Living together/married 0.36 (-1.26; 1.97) 0.96 (0.65; 1.41)

  Divorced 0.84 (-2.83; 4.51) 0.54 (0.21; 1.40)

Employment status (Full-time paid work)

  No paid work -0.56 (-2.25; 1.14) 0.44** (0.27; 0.73)

  Part-time paid work -0.96 (-2.00; 0.08) 0.58** (0.43; 0.79)

Physical factors

Sum of skin folds in cm 0.59** (0.25; 0.94) 1.06 (0.98; 1.15)

Aerobic fitness in cl·min-1·kg-2/3 -0.22** (-0.39; -0.06) 1.08** (1.03; 1.13)

MOPER strength -1.09* (-2.13; -0.06) 1.01 (0.77; 1.33)

MOPER coordination & speed -0.98** (-1.70; 0.25) 1.07 (0.89; 1.30)

MOPER flexibility -0.22 (-0.83; 0.39) 1.07 (0.92; 1.25)

Back problems -0.13 (-1.28; 1.01) 0.96 (0.70; 1.32)

Psychological factors

Problem-focused coping -0.19 (-0.99; 0.61) 1.01 (0.80; 1.28)

Emotion-focused coping 0.33 (-0.11; 0.78) 0.78*** (0.68; 0.89)

Inadequacy 0.20 (-0.22; 0.63) 0.86* (0.77; 0.97)

Social inadequacy 0.09 (-0.32; 0.50) 0.88* (0.78; 0.99)

Rigidity 0.79*** (0.40; 1.17) 0.95 (0.86; 1.06)

Self-sufficiency/recalcitrance 1.00** (0.33; 1.67) 1.10 (0.93; 1.30)

Dominance 0.25 (-0.18; 0.68) 1.26*** (1.13; 1.41)

Hostility 0.70** (0.23; 1.17) 1.04 (0.92; 1.17)

Self-esteem -0.30 (-0.85; 0.24) 1.29*** (1.12; 1.48)

TV viewing 
during leisure

Higher computer time 
during leisurea

Table 2. Results of age-adjusted univariable GEE analyses presenting associations between 
person-related characteristics and TV viewing and computer time during leisure in AGAHLS 

participants
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Table 3. Results of age-adjusted multivariablea GEE analyses presenting associations between 
person-related characteristics and TV viewing and computer time during leisure in AGAHLS 

participants

Independent factor 
(Reference category)

B   (95% CI) OR   (95% CI)

Socio-demographic factors

Female gender -2.77** (-4.34; -1.19) .34*** (.24; .48)

Physical factors

Sum of skin folds in cm .45* (.09; .81) 1.11* (1.01; 1.21)

Aerobic fitness in cl·min-1·kg-2/3 -.32** (-.53; -.11)

Psychological factors

Rigidity .63** (.23; 1.02)

Self-sufficiency/recalcitrance .74* (.07; 1.42)

Self-esteem 1.29** (1.11; 1.50)

Lifestyle factors

Smoking 1.60* (.07; 3.14)

Energy intake (First tertile)

  Second tertile .83 (.57; 1.21)

  Third tertile .64* (.44; .92)

Self-rated health

Not so good general health status 1.82* (1.11; 2.98)

TV viewing 
during leisure

Higher computer time 
during leisurea

AGAHLS Amsterdam Growth And Health Longitudinal Study; cl, centilitres; cm, centimetres; kg, 
kilograms; min, minutes; PA, physical activity;
 aAge-adjusted multivariable GEE included all potential determinants (i.e., marital and employ-
ment status, skin folds, aerobic fitness, neuromotor fitness, back problems, general health 
status, problem- and emotion-focused coping, mild health complaints, personality, alcohol 
consumption, smoking, energy intake, and physical activity); 
bComputer time was originally assessed in hours per week, but due to skewness for the current 
study dichotomized based on its time specific median: i.e.,0.00 (1996/1997) and 1.50 (2000). 
Higher computer time therefore refers to computer time above the respective median;
Bold values indicate statistical significance: *p<.05; **p<.01; ***p<.001.

DISCUSSION
Understanding the determinants of screen time is important for the development 
of health promoting interventions, and for identifying which subgroups are most 
engaged in screen-based behaviour and are thus most likely to benefit from 
behaviour change interventions. Therefore, in this prospective study in a sample 
of Dutch young adults, potential person-related determinants of leisure-time TV 
viewing and computer time were examined.

Gender
Our results showed that males spent more time TV viewing and had higher 
computer time than females. This is in contrast with the results of Rhodes et al 
[11] who, based on their systematic literature review, concluded that there was 
no evidence that gender was associated with sedentary behaviours (including 
TV viewing, computer use, general screen time, general sitting time and reading 
behaviour). One exception was playing video games, with males playing more than 
females [11]. The majority of the prospective studies included in the Rhodes et al 
review [11] did not specifically focus on a healthy young adult population. In most 
cases, the mean age of the respective participants was higher (midlife) than in 
the current study. Especially with regard to computer use, it has been shown that 
young adults (aged 18-30 years) spend almost twice as much time during leisure 
using the computer than older adults (p<.05) [25]. In our study, gender was asso-
ciated with computer time (OR=.34; p<.001) and with TV viewing (B=2.77; p<.01). 
Gender may be a determinant of screen time in young adults, though maybe over-
looked by studies that examine populations with a broader age range. Yet, more 
research is needed to verify this assumption.

Skin folds, aerobic fitness, and MOPER performance
We found that a higher sum of skin folds, lower aerobic fitness, lower strength 
performance and lower coordination and speed performance were all associated 
with more TV viewing during leisure time. Besides, participants with a higher sum 
of skin folds were also more likely to report higher computer time. Evidence on 
the prospective association of sedentary behaviour on different aspects of fatness 
(e.g., BMI, weight and waist gain) has been summarised before, but the findings 
were mixed [2]. Whether high fatness and low fitness are a cause or a conse-
quence of a higher screen time need further study. Note: our univariable results 
showed that higher values of aerobic fitness were associated with higher com-
puter time, but this result did not remain significant in the multivariable model.

Coping and personality
Our results showed that people who scored lower on emotion-focused coping 
reported higher computer time during leisure (OR=.78; p<.001), but this result did 
not remain significant in the multivariable model. As coping is thought to be as-
sociated with personality [26], its effect is probably ruled out by self-esteem (they 
are significantly negatively correlated; the more self-esteem, the less emotion-
focused coping; r=.27; p<.01), which may be a relevant factor related to computer 
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Self-rated health 
In the current study, participants reporting a not so good general health status 
were more likely to have higher computer time during leisure. It might be that 
people who are not feeling healthy prefer to engage in silent/calm/non-strenuous/
individual activities in leisure time. However, if this is true, we would also expect 
them to spend more time TV viewing than their healthier peers but this was not 
the case. Possibly, people reporting a not so good general health status use the 
computer more often to seek for health information online, which may explain the 
greater likelihood of having higher computer time [37]. Yet, within the AGAHLS we 
did not assess what participants were doing while using the computer, making it 
impossible to draw such conclusions. We recommend future (determinant) re-
search to also include content-related questions in their examinations of computer 
usage.

Strengths and limitations
The major strength and novelty of our study is that it adds to the body of determi-
nant research in the sense that we i) examined determinants for TV viewing and 
computer time separately, and ii) included a relatively underrepresented research 
population (i.e., young adults). The relative paucity of literature about the deter-
minants of sitting in large prospective cohort studies makes this research a good 
contribution to the sedentary behaviour literature. Yet, the study sample compri-
sed a select group of people which was relatively homogeneous in terms of ethnic 
background and highly educated, and this limits the generalisability of our results. 
Also, the data on TV viewing and computer time, as well as the data of several 
person-related determinants were self-reported and susceptible to (recall) bias. 
Besides, due to the relatively small sample size and the stepwise regression 
models, lack of statistical significance does not necessarily mean there is no 
association. The results must thus be interpreted with caution. Finally, although 
our results are based on longitudinal observational data, we cannot make a strict 
distinction between factors that cause screen-based behaviours and factors that 
are a consequence of screen-based behaviours. Nevertheless, this is one of the 
few studies investigating determinants of leisure time TV viewing and computer 
time in young adulthood. Our findings offer relevant information for identifying 
young adults who are at risk of higher screen time.

time during leisure. As high self-esteem individuals are shown to be extravert and 
to some extent open to experience [27], one could hypothesise that they partici-
pate in more leisure computer time than their less self-confident peers. This is 
supported by a study among US adults showing that extraversion and openness 
to new experience predicted social media use [28]. Yet, one could also argue that 
those with lower self-esteem spend more time communicating online, as they 
feel less certain about seeking life social contact. Ehrenberg and colleagues [29] 
demonstrated such an association, but in a younger population. Interestingly, 
different personality traits were associated with TV viewing during leisure. This 
supports the assumption that determinants of TV viewing and computer time 
are different [11]. That more rigid (e.g., unbending, fanatic, stiff), and self-suffi-
cient/recalcitrant (not requiring any aid, support or interaction with other people, 
expressing stubborn resistance) people spend more time watching TV may be 
explained by their preference for sole and non-social leisure activities [30].

Smoking and alcohol consumption
Our results showed that smokers reported higher TV time (B=1.60; p<.05) but 
not computer time during leisure than non-smokers and ex-smokers. A growing 
body of research suggests that people who engage in one health risk behaviour 
are likely to engage in other health risk behaviours, which is referred to as the 
clustering of health behaviours [31,32]. Likewise, with regard to smoking and TV 
viewing, previous research in over 4000 young US adults showed that those wat-
ching more TV had higher prevalence of smoking (p<.05) [33]. To our knowledge, 
this is the first study examining the association between smoking and computer 
time. Thus, more research in this field is needed to confirm our findings.

Contrastingly with the clustering of health behaviours theory, we found that 
non-drinkers compared to moderate alcohol consumers reported higher TV time 
during leisure. A study by Németh and colleagues [34] showed that social motives 
(e.g., drinking to celebrate a special occasion with friends), were most important 
and positively related with alcohol consumption among young Hungarian and 
Spanish adults. So, alcohol consumption maybe more related to social events 
instead of TV viewing in this age group.

Energy intake
Results from a systematic literature review on sedentary behaviour and dietary 
intake in children, adolescents and adults [35] suggested that in adults eating less 
fruit and vegetables, consuming more energy-dense snacks/drinks and fast-food, 
and total energy intake were positively associated with TV viewing, although the 
strengths of the associations were mostly small to moderate. In contrast, we 
found no association between energy intake and TV viewing, and an inverse asso-
ciation between energy intake and computer time (p<.05). Altenburg and collea-
gues [36] showed that in young adults, TV viewing (p<.05) but not computer time 
was independently associated with overweight indicators (i.e., BMI, waist circum-
ference and sum of skin folds). Yet, when additionally adjusted for computer time, 
the association of TV time with overweight indicators disappeared.
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PERSPECTIVE
Few studies have investigated the determinants of screen time in young adults. 
In the present study we demonstrated that several socio-demographic, physical, 
psychological and lifestyle factors and self-rated health were associated with 
either leisure time TV viewing and/or computer time in Dutch young adults. Males 
may be an important at-risk group for higher screen time during leisure (both TV 
viewing and computer time) as well as people with a rigid and self-sufficient/re-
calcitrant personality and smokers (TV viewing only). Determinants of TV viewing 
and computer time were not identical suggesting that both behaviours i) have 
different at-risk populations and, ii) should be targeted differently. Besides, this 
study showed that TV viewing increased with an average of 4 hours per week, 
while leisure-time computer time increased with an average of 1 hour per week in 
young adults over time. As previous research has estimated that each additional 
hour of daily sitting is associated with a 2% increased risk in all-cause mortality 
[38], young adults may be an important target group for health promoting inter-
ventions.
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INTRODUCTION
Sedentary behaviours encompass a distinct class of activities, including television 
viewing, reading, working at a desk or computer, or driving a car [1]. These seden-
tary activities generally do not exceed the 1.5 metabolic equivalent (MET) intensity 
level, which is only slightly above the resting metabolic rate, and hence have low 
levels of energy expenditure [1].

Recent research shows that most adults in 20 developed and developing coun-
tries sit between 3 and 8 hours a day [2]. Driven by the current development of 
modern information and communication technology, electronic entertainment and 
motorised transport, it is expected that sitting time will increase [3]. This trend is 
worrying because several reviews have shown that sitting time is associated with 
type 2 diabetes, and CVD-related and other causes of mortality, after adjusting 
for physical activity [4;5]. In particular, it has been estimated that each additional 
hour of daily sitting is associated with a 2% increased risk in all-cause mortality. 
Furthermore, the association between sitting and all-cause mortality is found to 
be non-linear such that people with high sitting time (>7 hours a day) have even 
higher risk of dying (hazard ratio 5% versus 2%) [6].

Given the potential health risks of sitting, interventions to decrease sitting time 
are needed. However, research identifying the factors that influence sitting, and 
the most at risk groups, which is necessary to inform the development of such 
interventions, is limited [7]. Although education, age, employment status, gender, 
body mass index (BMI), income, smoking status, physical activity, attitudes, and 
depressive symptoms/quality of life have been identified as correlates of sitting 
in cross-sectional studies [8], other potential influential demographic, psycholo-
gical, behavioural, social and environmental factors have not been examined yet. 
Moreover, there is a paucity of prospective studies examining determinants of 
sitting time [7;8]. The aim of this paper was therefore to investigate the biological, 
socio-demographic, work-related and lifestyle determinants of sitting time (inclu-
ding during transport, work and leisure) in young adult Australian women.

METHODS
This study was conducted as part of the Australian Longitudinal Study on Women’s 
Health (ALSWH), which commenced in 1996 and was designed to investigate 
multiple factors affecting health and well-being in three generations of women. 
Participants were randomly selected from the national Medicare health insurance 
database to represent three birth cohorts of young, mid-age and older women. 
The focus of this paper is on the younger cohort, born between 1973 and 1978. 
They were first surveyed in 1996, and then at three year intervals from 2000. In 
1996, 14,792 women aged 18 to 23 years (41% response rate) completed the first 
mailed survey. They were broadly representative of the national female population 
in this age group in 1996 [9;10]. Retention rates for the following surveys were 
69% (2000), 65% (2003), 68% (2006), and 62% (2009) [11]. Despite this attrition, it 

ABSTRACT
Background 
Sitting is associated with health risks. Factors that influence sitting are however 
not well understood. The aim was to examine the biological, socio-demographic, 
work-related and lifestyle determinants of sitting time (including during transport, 
work and leisure) in young adult Australian women.

Methods 
Self-reported data from 11,676 participants (aged 22-27 years in 2000) in the 
Australian Longitudinal Study on Women’s Health were collected over 9 years in 
2000, 2003, 2006 and 2009. Generalised Estimating Equations were used to examine 
univariable and multivariable associations of body mass index (BMI), country of 
birth, area of residence, education, marital status, number of children, occupati-
onal status, working hours, physical activity, smoking, alcohol intake and stress 
with week- and weekend-day sitting time.

Results 
Compared with women in the respective referent categories, (1) women with 
higher BMI, those born in Asia, those with less than University level education, 
doing white collar work, working 41-48 hours a week, current smokers, non-, rare 
or risky/high risk drinkers and those being somewhat stressed had significantly 
higher sitting time; and (2) women living in rural and remote areas, partnered 
women, those with children, those without a paid job and blue collar workers, 
those working less than 34 hours a week, and active women had significantly 
lower sitting time.

Conclusions 
Among young adult Australian women, those with higher BMI, those born in Asia, 
those with higher level occupations and long working hours, were most at risk 
of higher sitting time. These results can be used to identify at-risk groups and 
inform intervention development.
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The ALSWH was approved by the University of Queensland and the University of 
Newcastle Ethics Committees. All participants gave their written informed consent.

Analyses
Descriptive statistics (mean (sd), proportions) are presented for the independent 
variables and dependent variables (i.e., week-day and weekend-day sitting time), 
for each of the four surveys separately. Univariable linear Generalised Estimating 
Equations (GEE) with an exchangeable correlation structure were used to assess 
the associations of the independent variables with week-day and weekend-day 
sitting time. GEE models typically capture the changing status of all the determi-
nants and sitting time, as well as the relationships between them, over time. We 
additionally generated multivariable GEE models for week-day and weekend-day 
sitting time, including all independent variables (i.e., BMI, country of birth, area of 
residence, educational qualification, marital status, number of children, occupa-
tional status, hours worked per week, physical activity, smoking status, alcohol 
consumption and stress). For each model, independent variables with the highest 
p values were removed stepwise until only variables with p<.05 remained. All 
univariable and multivariable analyses were adjusted for age. The distribution of 
week- and weekend-day sitting was checked before performing the main analy-
ses. Statistical analyses were conducted using SPSS version 18.0.

To test the robustness of our results, univariable and multivariable GEE analyses 
were repeated for women who completed all four surveys (n=5224). Results from 
these analyses were compared with the results of the original sample (n=11,676).

RESULTS
Sample characteristics
The outcome variables week-day and weekend-day sitting were normally distribu-
ted. Descriptive data on biological, socio-demographic factors, work-related and 
lifestyle-related factors and sitting time are presented in Table 1.

On average, week-day sitting time was 6.5 hours per day in 2000 and slightly 
declined over time to 6.2 hours per day in 2009. Weekend-day sitting time declined 
over time as well; from 5.5 hours per day in 2000 to 5.0 hours per day in 2009. The 
percentage of women sitting >7 hours per week ranged from 36 (2009) to 41 (2000) 
on week-days and from 17 (2009) to 23 (both 2000 and 2003) on weekend-days. In 
2000, two thirds of the women had completed only school education, more than 
half were single, and one fifth had a child. By 2009, more than half the women had 
completed a University or higher degree, almost two thirds were married, and 
more than 60% had at least one child.

has been shown that biases are insufficient to preclude meaningful longitudinal 
analyses [12]. Further details about the rationale, recruitment procedures and 
protocol of the ALSWH have been reported previously [9]. 

As information on the main outcome measure, sitting time, was only assessed 
in surveys 2 to 5, we did not use survey 1 for this study. Data were included in 
the analyses if women provided information on both the explanatory (biological, 
socio-demographic, work-related or lifestyle factors) and outcome (sitting time) 
variables in the same survey, in at least one year (i.e., in 2000, 2003, 2006 or 2009). 
Data from women who indicated that they needed regular help with daily tasks 
because of a long-term illness or disability were excluded from analyses. The final 
sample comprised 11,676 women (79% of the baseline sample). Forty-five percent 
of these women completed all four surveys, while 15%, 16%, and 24% responded 
to one, two or three surveys, respectively.

Measures of sitting time
Sitting time was assessed using the following question: ‘How many hours each 
day do you typically spend sitting down while doing things like visiting friends, 
driving, reading, watching television, or working at a desk or computer: (i) on a 
usual week-day and; (ii) on a usual weekend-day?’. Comparable generic sitting 
time questions have previously been used in the International Physical Activity 
Questionnaire; they showed good test-retest reliability and moderate criterion 
validity compared with accelerometers [13]. Assuming an average sleep time of 8 
h/day and assuming that no-one sits all the time, values greater than 16 hours for 
either week-day or weekend-day sitting were set to missing [14]. For the current 
analyses we used hours spent sitting on a week-day and on a weekend-day as 
separate outcome variables.

Measures of potential determinants
All potential biological, socio-demographic, work-related and lifestyle determi-
nants were assessed at every survey, except for country of birth (reported only 
in 1996). The only continuous and biological variable was body mass index (BMI; 
calculated based on self-reported body weight and body height; (weight(kg)/
[height(m)]2). All other variables were categorised as shown in Table 1. Socio-
demographic variables included country of birth, area of residence (derived from 
postal code), highest educational qualification, marital status, and number of 
children. Work-related variables included occupational status (based on the Aus-
tralian Standard Classification of Occupations [15]), and hours worked per week. 
Lifestyle variables included physical activity (assessed by a modified version of the 
Active Australia questionnaire [16], and categorised as ‘inactive’ (<600 MET∙min per 
week) or ‘active’ (≥600 MET∙min per week) according to public health guidelines 
[17]), smoking status, and alcohol consumption (according to the (Australian) Na-
tional Health and Medical Research Council (NHMRC) guidelines [18]). Stress was 
assessed with the Perceived Stress Questionnaire for Young Women (PSQYW) [19].
Copies of all the surveys are available on the ASLWH website (www.ALSWH.org.au). 
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2000 2003 2006 2009 2000 2003 2006 2009 2000 2003 2006 2009

n=9284 n=8788 n=8831 n=7872

Overall sitting time 6.5 (3.3) 6.5 (3.3) 6.4 (3.4) 6.2 (3.3) 5.5 (2.8) 5.5 (2.8) 5.2 (2.7) 5.0 (2.7)

Sitting >7 h/day (%) 39 41 39 36 23 23 19 17

Age (mean (sd)) 24.6 
(1.5)

27.6 
(1.5)

30.6 
(1.5)

33.7 
(1.5)

Biological factor

BMI (mean (sd)) 23.8 
(4.9)

24.6 
(5.4)

25.2 
(5.6)

25.8 
(5.8)

Socio-demographic factors

Country of birth (%)a

  Australian born* 92 92 92 93 6.5 (3.2) 6.5 (3.3) 6.4 (3.3) 6.2 (3.3) 5.5 (2.8) 5.5 (2.8) 5.2 (2.7) 5.0 (2.7)

  Other English speaking country 4 4 4 4 6.6 (3.3) 6.7 (3.4) 6.5 (3.3) 6.0 (3.2) 5.6 (2.9) 5.3 (2.9) 5.3 (2.8) 4.7 (2.4)

  Europe 1 1 1 1 7.1 (3.2) 7.1 (3.1) 7.3 (3.3) 6.8 (3.7) 5.1 (3.0) 5.1 (3.0) 5.8 (2.9) 4.8 (2.8)

  Asia 2 2 2 2 7.9 (3.5) 8.1 (3.2) 7.8 (3.4) 7.9 (3.1) 7.0 (3.6) 6.1 (3.3) 6.3 (3.4) 5.5 (2.8)

  Other 1 1 1 1 6.9 (3.3) 7.1 (3.2) 7.1 (3.4) 5.4 (3.0) 5.7 (2.5) 4.5 (2.8) 5.7 (2.9) 5.1 (3.0)

Area of residence (%)a

  Urban* 55 58 60 59 6.9 (3.3) 7.1 (3.3) 6.9 (3.4) 6.6 (3.4) 5.5 (2.8) 5.5 (2.8) 5.3 (2.7) 5.0 (2.7)

  Rural 41 38 35 35 6.1 (3.1) 5.9 (3.1) 5.7 (3.1) 5.6 (3.0) 5.4 (2.8) 5.5 (2.8) 5.1 (2.7) 4.8 (2.7)

  Remote 4 4 4 4 5.9 (3.0) 5.7 (3.2) 5.2 (2.8) 5.5 (2.8) 5.6 (2.9) 5.7 (2.9) 5.0 (2.5) 4.8 (2.7)

Educational qualification (%)a

  Less than 12 years of school 10 10 8 7 5.6 (3.1) 5.5 (3.1) 5.3 (2.9) 5.3 (3.0) 5.5 (2.8) 5.7 (2.9) 5.2 (2.8) 5.0 (2.8)

  Completed 12 years of school 23 19 16 14 6.6 (3.2) 6.2 (3.2) 6.0 (3.3) 5.9 (3.2) 5.7 (2.9) 5.6 (3.0) 5.2 (2.7) 5.0 (2.8)

  Post school/technical school 24 25 27 26 6.4 (3.2) 6.5 (3.3) 6.2 (3.3) 6.1 (3.3) 5.5 (2.9) 5.7 (2.9) 5.2 (2.7) 5.1 (2.9)

  University degree/higher degree* 39 44 48 52 6.9 (3.2) 7.0 (3.3) 6.8 (3.4) 6.5 (3.3) 5.4 (2.7) 5.4 (2.6) 5.2 (2.7) 4.9 (2.5)

Marital status (%)a

  Single* 53 35 23 17 6.8 (3.3) 7.1 (3.4) 7.3 (3.4) 7.6 (3.5) 5.7 (2.9) 5.8 (3.0) 5.8 (2.9) 5.8 (2.9)

  De facto 21 20 19 15 6.7 (3.2) 6.8 (3.3) 6.7 (3.3) 6.8 (3.3) 5.5 (2.8) 5.4 (2.7) 5.4 (2.7) 5.2 (2.7)

  Married 24 41 54 62 6.0 (3.2) 6.0 (3.2) 5.9 (3.2) 5.7 (3.1) 5.1 (2.6) 5.3 (2.6) 4.9 (2.5) 4.7 (2.5)

  Separated/divorced/widowed 2 4 4 6 6.0 (2.9) 6.3 (3.3) 6.3 (3.3) 6.4 (3.3) 5.0 (2.9) 5.8 (3.3) 5.6 (3.1) 5.1 (2.9)

Mean (sd) sitting time 
hours/weekend-day

Table 1. Descriptive statistics presented separately for each of the four surveys

Mean (sd) sitting time 
hours/week-day
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2000 2003 2006 2009 2000 2003 2006 2009 2000 2003 2006 2009

n=9284 n=8788 n=8831 n=7872

Number of children (%)a

  None* 80 64 51 37 6.8 (3.3) 7.2 (3.3) 7.5 (3.3) 7.7 (3.3) 5.6 (2.8) 5.6 (2.9) 5.6 (2.8) 5.6 (2.8)

  1 11 16 20 19 5.5 (2.8) 5.5 (2.9) 5.8 (3.0) 6.1 (3.0) 5.3 (2.7) 5.4 (2.8) 5.1 (2.6) 5.1 (2.7)

  2 7 12 19 29 5.1 (2.7) 5.1 (2.7) 5.1 (2.9) 5.2 (2.9) 5.0 (2.7) 5.2 (2.6) 4.7 (2.4) 4.4 (2.4)

  ≥3 2 5 9 15 4.9 (3.0) 4.7 (2.8) 4.5 (2.6) 4.7 (2.6) 5.3 (2.8) 5.1 (2.7) 4.5 (2.5) 4.3 (2.5)

Work-related factors

Occupational status (%)a

  No paid job 9 19 19 20 5.4 (2.8) 5.4 (2.8) 5.0 (2.8) 4.8 (2.7) 5.5 (2.8) 5.5 (2.7) 5.0 (2.6) 4.7 (2.5)

  Blue collar 7 7 6 5 4.8 (2.8) 4.8 (2.9) 4.7 (2.8) 5.0 (3.2) 5.6 (2.8) 5.6 (2.9) 5.1 (2.9) 5.0 (2.7)

  White collar 33 29 27 23 7.0 (3.3) 7.1 (3.3) 6.8 (3.4) 6.7 (3.3) 5.6 (2.9) 5.7 (3.0) 5.4 (2.8) 5.2 (2.9)

  Professional* 45 44 47 49 6.7 (3.2) 7.0 (3.4) 7.0 (3.4) 6.7 (3.3) 5.4 (2.8) 5.4 (2.7) 5.3 (2.7) 5.0 (2.6)

Hours worked per week (%)a

  None 15 17 18 20 5.9 (3.0) 5.5 (2.8) 5.0 (2.7) 5.0 (2.8) 5.7 (2.9) 5.5 (2.7) 5.0 (2.6) 4.8 (2.6)

  1-15 10 11 11 13 6.3 (3.0) 5.7 (2.8) 4.9 (2.9) 4.7 (2.5) 5.7 (2.8) 5.3 (2.6) 4.8 (2.6) 4.5 (2.5)

  16-24 8 8 10 13 6.1 (2.9) 5.7 (3.0) 5.5 (3.0) 5.3 (2.9) 5.5 (2.9) 5.4 (2.7) 4.9 (2.6) 4.6 (2.5)

  25-34 9 8 9 10 5.7 (2.9) 5.8 (3.1) 5.8 (3.1) 6.1 (3.1) 5.5 (2.9) 5.3 (2.8) 5.0 (2.5) 5.0 (2.7)

  35-40* 28 25 24 20 6.8 (3.2) 7.2 (3.3) 7.3 (3.2) 7.5 (3.2) 5.5 (2.8) 5.7 (3.0) 5.5 (2.7) 5.4 (2.8)

  41-48 19 19 16 14 7.1 (3.4) 7.4 (3.4) 7.7 (3.3) 7.8 (3.3) 5.4 (2.7) 5.5 (2.8) 5.5 (2.8) 5.3 (2.7)

  ≥49 12 12 11 10 6.8 (3.5) 7.4 (3.7) 7.5 (3.7) 7.4 (3.7) 5.3 (2.9) 5.5 (2.8) 5.5 (2.9) 5.0 (2.8)

Mean (sd) sitting time 
hours/weekend-day

Table 1. Descriptive statistics presented separately for each of the four surveys (Continued)

Mean (sd) sitting time 
hours/week-day
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2000 2003 2006 2009 2000 2003 2006 2009 2000 2003 2006 2009

n=9284 n=8788 n=8831 n=7872

Lifestyle factors

Physical activity (%)a

  Active 55 55 49 46 6.4 (3.2) 6.6 (3.3) 6.4 (3.3) 6.3 (3.3) 5.3 (2.7) 5.4 (2.7) 5.1 (2.6) 4.9 (2.6)

  Inactive* 44 44 49 51 6.7 (3.3) 6.6 (3.3) 6.4 (3.4) 6.2 (3.3) 5.7 (2.9) 5.7 (2.9) 5.3 (2.8) 5.0 (2.7)

Smoking status (%)a

  Non-smoker* 57 57 58 60 6.6 (3.2) 6.7 (3.3) 6.5 (3.3) 6.3 (3.3) 5.4 (2.7) 5.5 (2.8) 5.2 (2.7) 4.9 (2.6)

  Ex-smoker 14 19 22 26 6.3 (3.1) 6.5 (3.2) 6.2 (3.3) 6.1 (3.3) 5.3 (2.8) 5.4 (2.7) 5.1 (2.7) 4.9 (2.7)

  Current smoker 28 24 19 14 6.5 (3.4) 6.3 (3.3) 6.5 (3.5) 6.2 (3.3) 5.7 (3.0) 5.7 (2.9) 5.5 (2.9) 5.2 (3.0)

Alcohol consumption (%)a

  Non-drinker 9 8 10 12 6.3 (3.1) 6.1 (3.4) 5.8 (3.3) 5.8 (3.2) 5.7 (2.8) 5.7 (3.0) 5.2 (2.7) 5.1 (2.9)

  Rare drinker 29 27 25 24 6.3 (3.2) 6.2 (3.2) 6.0 (3.2) 6.0 (3.2) 5.6 (2.9) 5.7 (2.9) 5.3 (2.8) 5.1 (2.7)

  Low risk drinker* 58 61 60 60 6.7 (3.2) 6.7 (3.3) 6.6 (3.4) 6.3 (3.3) 5.4 (2.7) 5.4 (2.7) 5.1 (2.6) 4.9 (2.6)

  Risky/high risk drinker 4 4 4 4 6.7 (3.3) 7.1 (3.1) 7.0 (3.6) 6.6 (3.6) 5.9 (3.1) 6.0 (3.0) 6.0 (3.1) 5.3 (3.0)

Stress (%)a

  Being not stressed* 50 54 56 51 6.2 (3.2) 6.4 (3.3) 6.2 (3.3) 6.0 (3.2) 5.3 (2.7) 5.4 (2.7) 5.0 (2.6) 4.8 (2.6)

  Being somewhat stressed 50 46 44 49 6.9 (3.3) 6.8 (3.3) 6.7 (3.4) 6.5 (3.3) 5.7 (2.9) 5.7 (2.9) 5.5 (2.9) 5.1 (2.7)

Mean (sd) sitting time 
hours/week-day

Mean (sd) sitting time 
hours/weekend-day

BMI, body mass index; sd, standard deviation;
aDue to rounding and missing data, not all percentages of the categorical independent 
variables add up to 100%;
*These categories are used as reference categories in the GEE analyses.

Multivariable associations with higher sitting time
Univariable associations between potential determinants and week-day and week-
end-day sitting time are presented in Table 2 and multivariable models are shown 
in Table 3. As there were only minor differences between the univariable and multi-
variable findings, only the multivariable models (Table 3) are described here.

Table 1. Descriptive statistics presented separately for each of the four surveys (Continued)
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Explanatory variable 
(Reference category)

B  (95% CI) B  (95% CI)

Biological factor

BMIb .12*** (.08; .16) .25*** (.22; .29)

Socio-demographic factors

Country of birth (Australian born)

  Other English speaking country .08 (-.18; .34) -.05 (-.25; .16)

  Europe .80** (.29; 1.30) -.07 (-.51; .36)

  Asia 1.39*** (1.02; 1.76) .94*** (.61; 1.27)

  Other .18 (-.37; .72) .03 (-.43; .49)

Area of residence (Urban)

  Rural -.93*** (-1.01; -.85) -.10** (-.17; -.03)

  Remote -.98*** (-1.17; -.78) -.01 (-.18; .16)

Educational qualification 
(University degree/higher degree)

  Less than 12 years of school -1.23*** (-1.38; -1.09) .18** (.05; .31)

  Completed 12 years of school -.55*** (-.67; -.43) .15** (.05; .25)

  Post school/technical school -.51*** (-.62; -.40) .16*** (.07; .25)

Marital status (Single)

  De facto -.09 (-.19; .01) -.24*** (-.33; -.15)

  Married -.81*** (-.91; -.72) -.54*** (-.62; -.46)

  Separated/divorced/widowed -.51*** (-.70; -.32) -.28** (-.46; -.09)

Number of children (None)

  1 -1.44*** (-1.53; -1.35) -.35*** (-.44; -.27)

  2 -2.17*** (-2.27; -2.07) -.84*** (-.93; -.76)

  ≥3 -2.62*** (-2.76; -2.48) -.99*** (-1.11; -.87)

Explanatory variable 
(Reference category)

B  (95% CI) B  (95% CI)

Work-related factors

Occupational status (Professional)

  No paid job -1.50*** (-1.60; -1.40) -.16*** (-.25; -.08)

  Blue collar -1.69*** (-1.83; -1.54) .05 (-.09; .18)

  White collar -.05 (-.15; .04) .08 (.00; .16)

Hours worked per week (35-40)

  None -1.55*** (-1.66; -1.45) -.18*** (-.27; -.09)

  1-15 -1.42*** (-1.53; -1.30) -.31*** (-.41; -.21)

  16-24 -1.20*** (-1.32; -1.08) -.32*** (-.43; -.22)

  25-34 -.95*** (-1.07; -.83) -.21*** (-.32; -.10)

  41-48 .17** (.08; .27) -.02 (-.11; .07)

  ≥49 .08 (-.05; .20) -.03 (-.14; .08)

Lifestyle factors

Being active -.07 (-.13; .00) -.19*** (-.25; -.13)

Smoking status (Non-smoker)

  Ex-smoker -.23*** (-.34; -.13) .00 (-.08; .09)

  Current smoker -.15** (-.26; -.05) .20*** (.11; .29)

Alcohol consumption 
(Low risk drinker)

  Non-drinker -.54*** (-.67; -.41) .17** (.05; .28)

  Rare drinker -.34*** (-.42; -.26) .17*** (.10; .24)

  Risky/high risk drinker .20* (.00; .39) .39*** (.21; .56)

Being somewhat stressed .30*** (.23; .37) .25*** (.19; .31)

Table 2. Age-adjusteda univariable GEE analyses presenting associations of biological, socio-
demographic, work-related and lifestyle factors with sitting (Continued)

BMI, body mass index; CI, confidence interval; h, hours;
aWomen’s age at each survey (not only baseline age) was included in the model;
bValues for BMI signify 5 steps (i.e., 5 BMI-points) on the determinant scale;
Bold values present statistically significant values *p<.05; **p<.01; ***p<.001.

Table 2. Age-adjusteda univariable GEE analyses presenting associations of biological, socio-
demographic, work-related and lifestyle factors with sitting
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Explanatory variable 
(Reference category)

B  (95% CI) B   (95% CI)

Work-related factors

Occupational status (Professional)

  No paid job -.43*** (-.57; -.29) -.15* (-.28; -.02)

  Blue collar -1.30*** (-1.48; -1.13) -.06 (-.21; .10)

  White collar .25*** (.15; .36) -.01 (-.10; .08)

Hours worked per week (35-40)

  None -.64*** (-.79; -.49) .27*** (.13; .40)

  1-15 -.77*** (-.90; -.63) .01 (-.11; .13)

  16-24 -.69*** (-.82; -.55) -.07 (-.19; .05)

  25-34 -.71*** (-.85; -.58) -.06 (-.18; .06)

  41-48 .13* (.03; .24) -.06 (-.15; .03)

  ≥49 .10 (-.03; .24) -.08 (-.19; .04)

Table 3. Adjusteda multivariable GEE analyses presenting associations of biological, socio-
demographic, work-related and lifestyle factors with sitting (Continued)

Lifestyle factors

Being active -.28*** (-.35; -.21) -.23*** (-.29; -.17)

Smoking status (Non-smoker)

  Ex-smoker -.01 (-.10; .08)

  Current smoker .13* (.03; .23)

Alcohol consumption 
(Low risk drinker)

  Non-drinker .18** (.05; .30)

  Rare drinker .15*** (.08; .23)

  Risky/high risk drinker .25** (.07; .44)

Being somewhat stressed .32*** (.24; .39) .22*** (.15; .28)

BMI, body mass index; CI, confidence interval; h, hours;
aWomen’s age at each survey (not only baseline age) was included in the model;
bValues for BMI signify 5 steps (i.e., 5 BMI-points) on the determinant scale;
cEducational qualification was retained in the model for week-day sitting with reference category ‘Completed 
12 years of education’ with a significant outcome for ‘Less than 12 years of school’; -.24 (-.40;-.07); p<.01;
Bold values present statistically significant values *p<.05; **p<.01; ***p<.001.

Explanatory variable 
(Reference category)

B  (95% CI) B   (95% CI)

Biological factor

BMIb .19*** (.15; .23) .24*** (.21; .28)

Socio-demographic factors

Country of birth (Australian born)

  Other English speaking country -.03 (-.28; .21) -.05 (-.26; .17)

  Europe .33 (-.15; .81) -.07 (-.54; .40)

  Asia .98*** (.61; 1.34) .97*** (.62; 1.31)

  Other .20 (-.30; .70) .07 (-.39; .54)

Area of residence (Urban)

  Rural -.55*** (-.64; -.47)

  Remote -.61*** (-.81; -.41)

Educational qualification 
(University degree/higher degree)c

  Less than 12 years of school -.13 (-.30; .04) .42*** (.26; .58)

  Completed 12 years of school .10 (-.03; .23) .26*** (.15; .38)

  Post school/technical school -.01 (-.13; .11) .18*** (.08; .28)

Marital status (Single)

  De facto .07 (-.04; .17) -.19*** (-.29; -.09)

  Married -.14** (-.25; -.03) -.32*** (-.41; -.22)

  Separated/divorced/widowed .08 (-.12; .28) -.12 (-.32; .08)

Number of children (None)

  1 -.91*** (-1.02; -.79) -.48*** (-.59; -.38)

  2 -1.49*** (-1.62; -1.37) -.96*** (-1.08; -.85)

  ≥3 -1.91*** (-2.07; -1.74) -1.21*** (-1.36; -1.07)

Table 3. Adjusteda multivariable GEE analyses presenting associations of biological, socio-
demographic, work-related and lifestyle factors with sitting
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DISCUSSION
This prospective study showed that young adult women sit around 6 hours a 
day on average on a week-day and around 5 hours a day on average on a week-
end-day. Furthermore, sitting time declined slightly in young adult women over 
the nine years follow up, as they moved from their early twenties into their early 
thirties. The results provide insight into the complex biological, socio-demo-
graphic, work-related and lifestyle determinants of sitting time, some of which are 
associated with higher, and others with lower sitting time. Some of these determi-
nants are similar to those reported by Rhodes and colleagues [8] - whose review 
focussed largely on cross-sectional studies of TV time. Our results however, 
improve understanding of the determinants of sitting time in young adult women, 
based on longitudinal assessment of the determinants of both week-day and 
weekend-day sitting. The findings show that sitting time changes as work and 
family responsibilities develop during this life stage.

Body Mass Index (biological factor)
Our results showed that women with higher BMI sit more on both week- and 
weekend-days. Existing literature suggests an ambiguous relationship between 
BMI and sedentary behaviour. For example, based on a review of longitudinal stu-
dies Proper and colleagues [4] concluded insufficient evidence for a relationship 
between sedentary behaviour and body weight/BMI gain or overweight and obe-
sity. Yet, Rhodes and colleagues [8] found some evidence in their review of a 
positive relationship between certain types of sedentary behaviour (i.e., TV and 
general screen viewing) and BMI. The majority of studies included in both reviews 
examined whether more/less sitting time was associated with favorable/unfavor-
able body composition markers; i.e., they used sedentary behaviour as the indepen-
dent variable. In our study, sedentary behaviour was the dependent variable, and it 
showed that women with higher BMI sit more on both week- and weekend-days. It 
may well be that women experience detrimental physical and emotional conse-
quences of having higher BMI [20], which may cause them to sit more. This is in 
line with the finding from the mid-age ALSWH cohort, which raised the issue of 
whether sitting causes weight gain or higher weight causes more sitting [21].

Country of birth, area of residence, educational qualification, marital status and 
number of children (socio-demographic factors)
Our findings suggest that women born in Asia spend more time sitting on both 
week- and weekend-days than Australian born women. A systematic mixed-
methods review on activity levels of South Asian women [22] has reported that 
only two recent studies -both performed in the UK-, have examined sedentary 
time (e.g., not the absence of physical activity) in this population. However, one of 
these studies did not report results on sitting time separately for women [23], and 
the other study made no comparison between Asian immigrants and ‘natives’ [24]. 
Future research on sedentary behaviour with female ethnically diverse groups is 
needed, as some groups appear to be at higher risk of having an inactive lifestyle, 
with both lower levels of physical activity and higher levels of sitting time. 

Significant associations with higher sitting time were found for BMI, country of 
birth, education, occupation, hours worked, smoking, alcohol and stress. On both 
week- and weekend-days, women born in Asia, and those who reported being 
somewhat stressed sat more than Australian born and non-stressed women, 
respectively. There was also a positive association between BMI and sitting time 
on both week- and weekend-days. On week-days, women in white collar occupa-
tions and those working 41-48 hours per week sat more than professional women 
and usual full-time (35-40 hours) working women, respectively. On weekend-days, 
those with less than University level education and those who reported no paid 
work sat more than women with a degree, and full-time workers, respectively. 
Finally, current smokers and non-drinkers, rare and risky/high risk drinkers had 
higher sitting time on weekend-days than non-smokers and low risk drinkers.

Multivariable associations with lower sitting time
There were also significant associations between area of residence, education, 
marital status, number of children, occupation, hours worked and physical activity 
with lower sitting time. On both week- and weekend-days, married women, those 
with any children, and those categorised as active sat less than single, childless 
and inactive women, respectively. Also, on both week- and weekend-days women 
without a paid job sat less than professional working women. On week-days, 
women living in rural and remote areas, those with less than 12 years of edu-
cation, blue collar workers and women working less than 34 hours a week sat 
significantly less than women in the respective referent categories. Like their 
married counterparts, defacto women sat less than single women, but only on 
weekend-days.

Robustness of the associations
When the univariable and multivariable analyses were repeated for women who 
completed all four surveys (see Appendix 1 and Appendix 2), some of the asso-
ciations between the explanatory factors and sitting time were slightly attenuated, 
but most remained significant. For week-day sitting the most important differen-
ces were that working long hours (41-48 hours a week) was no longer significantly 
associated with sitting time and that both smoking and alcohol consumption 
were included in the week-day model, with current smokers and non-drinking 
women sitting less than non-smoking women and low risk drinkers, respectively. 
For weekend-day sitting, the most important differences were that smoking was 
excluded from the model, and being a risky/high risk drinker was no longer signi-
ficantly associated with sitting time.
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part-time, full-time and non-employed [29], which is in contrast with our results. 
It does however seem logical that full-time working professional and white collar 
women should have higher sitting time during the week, as many of their jobs 
typically require sitting at a desk [30]. However, on weekend-days, the findings 
were more complex. Women who had no paid work (but may have worked in a 
voluntary capacity, or in a family business) sat less than full-time working women 
on weekend-days. This may reflect their work on a farm or in a shop that re-
mained ‘open’ on weekends. In contrast, women with no work hours (paid or un-
paid) sat more than full-time working women on weekends, possibly because they 
had more ‘free’ time for screen-based activities.

Lifestyle factors
Our results showed that inactive women spent more time sitting than their active 
counterparts. Although the evidence currently considers sedentary behaviour as 
a unique behaviour (rather than the absence of physical activity), physical activity 
and sitting seem to be interrelated in our population. In line with the idea that 
adverse health behaviours tend to cluster within individuals [31], we also found 
that stressed women spent more time sitting on both week- and weekend-days, 
and that current smokers sat more than non-smokers on weekend-days. The uni-
variable models showed that on week-days, smoking was significantly associated 
with less sitting time, which could be explained by the fact that those in work have 
to leave their desk/home to smoke outside. The fact that this relationship did not 
persist in the multivariable model (which showed smokers sitting more on week-
end-days), points to the complex relationships between smoking and education, 
profession and parenting roles. Relationships with alcohol were also complex, but 
could be interpreted to mean that high risk drinkers sit more at weekends, possi-
bly reflecting their ‘pub/club’ culture, while higher weekend sitting among non-/
rare drinkers may reflect a propensity for more sedentary leisure activities, such 
as reading and crafts.

Overall, despite the claim that physical activity and sitting time are distinct behavi-
ours [32] our results showed that, in this population based sample of young adult 
women, the determinants of sitting are remarkably similar to those for physical 
activity (e.g., higher BMI, being born in Asia, low education, being married, having 
children, smoking, and stress) [33]. However, it is important to note that the 
associations between the determinants and the two behaviours are not always in 
the opposite direction. For example, married women and women with children, 
tend to participate in less physical activity [34], but they also spend less time sit-
ting. This is because mothers of young children spend more time in low intensity 
physical activities, such as household chores and child care [35]. On the whole, it 
is concluded that women with higher BMI, those of Asian descent, those with low 
education, and women who are somewhat stressed, are at greater risk of both 
sitting more (on week-days and weekend-days) and participating less in physical 
activity [33]. This information could be important when selecting target groups for 
interventions that aim to both increase physical activity and reduce sitting time.

These populations should be a priority focus when developing interventions that 
discourage sitting.

Regarding education, we found evidence for higher sitting time among women 
with low education. Interestingly, our models showed that low education was 
negatively related with week-day sitting time, but positively related with week-
end-day sitting. This points towards the likelihood of lower and technical educated 
women being in jobs where they are ‘on their feet’ all day on week-days. Most 
studies included in the Rhodes et al review [8] presented significant associations 
between lower values of formal education and higher levels of TV viewing. How-
ever, no association with general sitting time was found. Our findings suggest that 
the well-documented associations between socio-economic status (including edu-
cation) and unhealthy behaviours may apply to sitting time, but only on weekends. 
Pampel and colleagues [25] offer a comprehensive overview of the mechanisms/
explanations that may underlie the relationship between low SES (including low 
education) and unhealthy behaviours, among which are higher rates of deprivation 
and stress, lack of knowledge and access to information about health risks, less 
efficacy and agency, and fewer financial aids. Our findings, and the research dis-
cussed above, suggest that low educated women should be targeted for interven-
tion efforts that promote an active lifestyle, especially during the weekend.

The results of the multilevel analyses showed that married women sat signifi-
cantly less on both week- and weekend-days than single women. Also, women in 
a de facto relationship (living together but not legally married) sat less than single 
women, but only on weekend-days. Vernon et al [26] studied a US sample of 
23,625 women (aged 22-65) and found that married women participated less 
in leisure activities like television watching, computer use, relaxing, and phone 
conversations, but spent more time doing household activities such as food prepa-
ration, housework and primary childcare, than single women. Furthermore, we 
found that having any number of children, compared with being childless, was 
associated with less sitting time on both week- and weekend-days. Likewise, 
Candelaria and colleagues [27] reported lower sitting time for mothers (and 
fathers) compared with non-parents. In line with our results, their study showed 
a direct inverse relationship between number of children and sitting time.

Work-related factors
Hours worked per week and occupational status were consistently associated with 
week-day sitting. Overall, women in white collar occupations, professionals and 
women working full time or more, spent most time sitting during the week. Jans 
et al [28] also found that, among 7720 Dutch workers, professionals (i.e., legis-
lators and senior managers, scientific and artistic professions) and white collar 
workers (i.e., clerks) sat longer than the average Dutch worker (i.e., more than 7 
hours a day). No distinction was made between men and women. Regarding hours 
worked per week, a cross-sectional study using accelerometry to assess sitting 
time in US women (aged 20-60) showed no significant difference between the 

Chapter 7
Biological, socio-demographic, work and lifestyle determinants of sitting in young adult women:

a prospective cohort study



  
  

158 159

Strengths and limitations
The main strengths of our study are the large population based sample and 
the collection of data over a period of nine years when the women were young 
adults; a time when socio-demographic, work-related and lifestyle factors change 
frequently. Another strength is the statistics applied to assess the relationship 
between biological, socio-demographic, work-related and lifestyle factors and sit-
ting time that capture the changing status of all the determinants and sitting time, 
as well as the relationships between them, over time. The main limitation of the 
study is the use of a self-report measure to assess sitting time. Use of objective 
methods was not feasible in this a sample due to financial and logistic constraints. 
Finally, as our sample only included young adult women, the results may not be 
generalisable to men, or to mid-age or older women.

CONCLUSION
As evidence on the adverse effects of sitting accumulates, it is important to deve-
lop strategies to discourage this behaviour. This study showed that many young 
women spend a substantial proportion of their waking hours sitting. Women with 
higher BMI, women born in Asia, those with higher level occupations and long 
working hours, were most at risk of higher sitting time. These results can be used 
for the identification of at-risk groups and improving intervention development
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Appendix 1. Results of age-adjusteda univariable GEE analyses of women completing 
all four surveys (n=5224) presenting associations of biological, socio-demographic, 
work-related and lifestyle factors with sitting time by each category of the explanatory 
variable compared with the reference category (in parentheses) (Continued)

B   (95% CI) B  (95% CI)

Work-related factors

Occupational status (Professional)

  No job -1.40*** (-1.53; -1.27) -.19*** (-.29; -.08)

  Blue collar -1.60*** (-1.81; -1.40) .00 (-.18; .19)

  White collar .07 (-.05; .20) .02 (-.08; .12)

Hours worked per week (35-40)

  None -1.55*** (-1.68; -1.41) -.19** (-.30; -.07)

  1-15 -1.43*** (-1.58; -1.28) -.31*** (-.43; -.18)

  16-24 -1.22*** (-1.37; -1.07) -.35*** (-.48; -.22)

  25-34 -.90*** (-1.06; -.75) -.17* (-.31; -.04)

  41-48 .09 (-.03; .21) -.04 (-.14; .07)

  ≥49 .04 (-.12; .20) -.03 (-.16; .10)

Lifestyle factors

Being inactive -.10* (-.18; -.01) -.13*** (-.21; -.06)

Smoking status (Non-smoker)

  Ex-smoker -.16* (-.30; -.02) .05 (-.06; .17)

  Current smoker -.11 (-.26; .04) .19** (.06; .32)

Alcohol consumption 
(Low risk drinker)

  Non-drinker -.49*** (-.66; -.32) .19* (.05; .34)

  Rare drinker -.25*** (-.36; -.14) .15** (.06; .25)

  Risky/high risk drinker .28* (.04; .53) .24* (.01; .46)

Being somewhat stressed .28*** (.19; .36) .18*** (.11; .26)

Explanatory variable 
(Reference category)

BMI, body mass index; CI, confidence interval; h, hours;
aWomen’s age at each survey (not only baseline age) was included in the model;
bValues for BMI signify 5 steps (i.e., 5 BMI-points) on the determinant scale;
Bold values present statistically significant values *p<.05; **p<.01; ***p<.001.

Appendix 1. Results of age-adjusteda univariable GEE analyses of women completing 
all four surveys (n=5224) presenting associations of biological, socio-demographic, 
work-related and lifestyle factors with sitting time by each category of the explanatory 
variable compared with the reference category (in parentheses)

 B   (95% CI)  B   (95% CI)

Socio-demographic factors

BMIb .16*** (.11; .22) .29*** (.24; .34)

Country of birth (Australian born)

  Other English speaking country .01 (-.33; .35) -.09 (-.36; .17)

  Europe .52 (-.17; 1.22) -.33 (-.92; .25)

  Asia 1.92*** (1.36; 2.48) 1.04*** (.51; 1.56)

  Other .15 (-.72; 1.02) .19 (-.45; .83)

Area of residence (Urban)

  Rural -.89*** (-1.00; -.78) -.09 (-.18; .00)

  Remote -.92*** (-1.18; -.66) .05 (-.16; .26)

Educational qualification 
(University degree/higher degree)

  Less than 12 years of school -.92*** (-1.14; -.70) .22* (.04; .41)

  Completed 12 years of school -.33*** (-.49; -.17) .19** (.06; .32)

  Post school/technical school -.33*** (-.48; -.19) .16** (.04; .27)

Marital status (Single)

  De facto .02 (-.11; .15) -.16** (-.27; -.04)

  Married -.69*** (-.82; -.57) -.45*** (-.56; -.34)

  Separated/divorced/widowed -.29* (-.55; -.03) -.20 (-.46; .05)

Number of children (None)

  1 -1.41*** (-1.52; -1.29) -.32*** (-.43; -.22)

  2 -2.21*** (-2.34; -2.07) -.88*** (-.99; -.77)

  ≥3 -2.76*** (-2.94; -2.57) -1.00*** (-1.16; -.85)

Explanatory variable 
(Reference category)
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B  (95% CI) B   (95% CI)

Work-related factors

Occupational status (Professional)

  No job -.40*** (-.57; -.22) -.16* (-.32; .00)

  Blue collar -1.35*** (-1.57; -1.12) -.13 (-.34; .07)

  White collar .29*** (.16; .43) -.07 (-.18; .05)

Hours worked per week (35-40)

  None -.66*** (-.85; -.47) .23** (.07; .40)

  1-15 -.81*** (-.98; -.64) .01 (-.13; .16)

  16-24 -.72*** (-.89; -.56) -.08 (-.23; .07)

  25-34 -.70*** (-.86; -.53) -.02 (-.16; .13)

  41-48 .06 (-.07; .18) -.07 (-.18; .04)

  ≥49 .05 (-.12; .21) -.08 (-.22; .06)

Lifestyle factors

Being inactive -.29*** (-.37; -.20) -.17*** (.04; .24)

Smoking status (Non-smoker)

  Ex-smoker -.09** (-.23; .05)      

  Current smoker -.22 (-.37; -.06)      

Alcohol consumption 
(Low risk drinker)

  Non-drinker -.18* (-.36; -.01) .19* (.04; .34)

  Rare drinker -.08 (-.20; .03) .14** (.04; .24)

  Risky/high risk drinker .16 (-.08; .40) .14 (-.10; .38)

Being somewhat stressed .28*** (.19; .37) .16*** (.08; .24)

B  (95% CI) B   (95% CI)

Socio-demographic factors

BMIb .21*** (.16; .27) .27*** (.22; .32)

Country of birth (Australian born)

  Other English speaking country -.18 (-.49; .14) -.14 -.40; .12)

  Europe .32 (-.29; .94) -.27*** (-.88; .34)

  Asia 1.40*** (.86; 1.93) 1.05 (.53; 1.57)

  Other .04 (-.78; .85) .31 (-.36; .98)

Area of residence (Urban)

  Rural -.61*** (-.72; -.50)      

  Remote -.65*** (-.91; -.39)      

Educational qualification 
(University degree/higher degree)

  Less than 12 years of school .09 (-.15; .32) .44*** (.23; .65)

  Completed 12 years of school .28** (.11; .45) .35*** (.20; .50)

  Post school/technical school .14 (-.02; .29) .21** (.08; .34)

Marital status (Single)c

  De facto .08 (-.05; .22) -.14* (-.26; -.02)

  Married -.11 (-.25; .02) -.27*** (-.39; -.16)

  Separated/divorced/widowed .09 (-.25; .02) -.12 (-.38; .15)

Number of children (None)

  1 -.84*** (-.99; -.70) -.42*** (-.55; -.28)

  2 -1.57*** (-1.73; -1.41) -.99*** (-1.13; -.85)

  ≥3 -2.02*** (-2.23; -1.80) -1.20*** (-1.38; -1.01)

Appendix 2. Results of age-adjusteda multivariable GEE analyses of women completing 
all four surveys (n=5224) presenting associations of biological, socio-demographic, 
work-related and lifestyle factors with sitting time by each category of the explanatory 
variable compared with the reference category (in parentheses) (Continued)

Explanatory variable 
(Reference category)

BMI, body mass index; CI, confidence interval; h, hours;
aWomen’s age at each survey (not only baseline age) was included in the model;
bValues for BMI signify 5 steps (i.e., 5 BMI-points) on the determinant scale;
cMarital status was retained in the model for week-day sitting with reference category ‘Married’ 
with a significant outcome for ‘Single’; .20 (.07; .33); p<.01;
Bold values present statistically significant values *p<.05; **p<.01; ***p<.001.

Appendix 2. Results of age-adjusteda multivariable GEE analyses of women completing
all four surveys (n=5224) presenting associations of biological, socio-demographic, 
work-related and lifestyle factors with sitting time by each category of the explanatory 
variable compared with the reference category (in parentheses)

Explanatory variable 
(Reference category)
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Yet, combining the findings of both studies, we could draw the following at-risk profile for 
less physically active young adults:

1.  Decreased levels of physical health (AGAHLS and ALSWH);
2.  Being married (AGAHLS and ALSWH);
3.  Having children (ALSWH);
4.  Lower socio-economic status (ALSWH);
5.  Smoking (AGAHLS and ALSWH).

Interestingly, young adults who consumed moderate amounts of alcohol were 
found to engage in more physical activity in both cohort studies. This joint result 
probably reflects the link between alcohol consumption and sports participation 
[4].

Other factors significantly associated with physical activity in the ALSWH included:
• Area of residence: those living in urban areas were less physically active;
• Stress: those experiencing more stress were less physically active.

One additional important conclusion that we derived based on analyses of the 
AGAHLS data was that determinants of physical activity were different for different 
intensities of physical activity and for men and women. This indicates that physical 
activity enhancing programs should be tailored to the type of physical activity they 
want to change, and also to gender.

Based on the results of Chapter 3, in which the association between life events, daily 
hassles and physical activity was investigated, we think that assessing whether 
and how specific life events (e.g., changing jobs, getting married, difficulties with 
raising children, a deterioration in financial situation) are associated with physical 
activity might provide more useful information than examining the overall associa-
tion with life events or their clustering in diverse domains (e.g., health, personal 
and social relations, and finances domain).

Determinants of sedentary behaviour
In Chapter 6 and 7 we identified person-related factors that were associated with 
different types of sedentary behaviour; i.e., leisure time TV viewing and computer 
use (screen time; AGAHLS) and generic sedentary behaviour during the week and 
weekend (ALSWH). Overall, young adults who reported less favourable physical 
health and those who smoked spent more time in each of the three sedentary 
behaviour categories.

Moreover, minority women were more sedentary at both week- and week-
end-days, while women with low education were only more sedentary during the 
weekend (ALSHW). Ethnic background and education could unfortunately not be 
examined in the AGAHLS due to the homogeneity of the sample. In the review 
of Rhodes and colleagues [3] TV viewing (positive) and computer use (negative) 
were found to be associated with education, but this was not the case for general 

Levels of physical inactivity and sedentary behaviour are predicted to increase 
within the next decades [1]. From a public health perspective, it is therefore 
necessary to examine which people are most at risk of maintaining/developing a 
physically inactive or sedentary lifestyle, and to identify factors that are asso-
ciated with either behaviour in order to tailor physical activity promoting and 
sedentary behaviour reducing programs [2,3]. In this thesis, we thus explored 
determinants of physical activity and sedentary behaviour.

This chapter starts with a summary and a cross-comparison of the main findings 
of the studies presented in this thesis, followed by an overall reflection on the 
study results. Finally, methodology considerations and recommendations for 
future research are presented.

Determinants of physical activity
The results from Chapter 3 showed that daily hassles and life events were only 
marginally associated with young adult’s time spent in physical activity: i) the 
more day-to-day irritations they experienced, the more physically active they 
were, and ii) the more negative they appraised work- and finances-related life 
events, the higher their physical activity level was.

Subsequently, in Chapter 4 and 5 we identified person-related factors that were 
associated with physical activity in young adults based on data from the Amster-
dam Growth and Health Longitudinal Study (AGAHLS) and the Australian Study on 
Women’s Health (ALSWH), but both chapters had very different research angles. 
In Chapter 4, determinants of moderate and vigorous intensity physical activity 
were examined, as well as the differences in determinants between men and 
women (AGAHLS). In Chapter 5, determinants of total leisure time physical activity 
were examined among young adult women only (ALSWH). Due to the different 
operationalization of physical activity, results of the two cohorts are difficult to 
compare. For example, with regard to employment status, the AGAHLS showed 
that Dutch young men and women who were working full time were less modera-
tely active than those who were not working or who were working part time. Only 
Dutch young adult men who worked full time were more vigorously active. Results 
from the ALSWH showed another picture; full-time working young adult women 
were more physically active than those not working or those working part time. In 
the ALSWH, physical activity also included walking briskly, which was categorised 
as light intensity physical activity (3.0 METs). It may thus be that a large proportion 
of physical activity of women of the ALSWH cohort was actually of light intensity, 
which was not captured in the AGAHLS analyses.
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that improving physical activity and reducing sedentary behaviour requires a diffe-
rent approach. Furthermore, not all people in need of a physical activity promoting 
program also need a sedentary behaviour reducing intervention and vice versa.

Old and new evidence
Determinants and correlates of physical activity and sedentary behaviour have 
been studied before, though not frequently in young adults. Several literature 
reviews including younger populations, adults aged 18 and beyond, or older adults 
have been published, each providing (slightly) different information [2,3,7-10]. 
According to Van der Horst et al [7], correlates of either physical activity or 
sedentary behaviour in young people included gender, parental education, 
physical education/school sports, family and friend influences, ethnicity, and 
socio-economic status. The literature review of Chapter 2 [8], which aimed to up-
date the evidence provided by Van der Horst and colleagues [7] and included longi-
tudinal studies only, showed that intention, age, not being of African-American 
race, planning and past physical activity were associated with higher physical 
activity levels in children and adolescents. In a general adult population, various 
demographic, biological, psychological, and behavioural variables were shown to 
be associated with either physical inactivity (e.g., health status, self-efficacy, 
motivation), sedentary behaviour (e.g., income, smoking status, attitude) or both 
(e.g., age, gender, education, employment status, overweight) [2,3].

The results presented in this thesis support the findings of Bauman et al [2] and 
Rhodes et al [3] to some extent, as health status, indicators of body fatness and 
fitness, education, employment status and smoking were found to influence young 
adults’ physical activity or sedentary behaviour. Few previous prospective studies 
have, for example, explored marital status, having children, personality, alcohol 
consumption and stress as determinants of physical activity and sedentary beha-
viour. The current findings therefore contribute to the longitudinal evidence on the 
determinants of both behaviours.

Methodology considerations, part 1: Let’s talk statistics!
The studies in this thesis are solely based on longitudinal data, meaning that the 
same participants were measured repeatedly over time. As such, all statistical 
analyses included multiple measurements of one participant. Analysing longi-
tudinal data is different from analysing cross-sectional data; i.e., the repeated 
observations from each participant are not independent. Therefore, the statistical 
technique that is used should take into account the so-called ‘between-subject’ 
correlations as well as the ‘within-subject’ correlations. Generalised Estimating 
Equations (GEE) is a statistical technique that adjusts for this within-subject cor-
relation, making it well-suited for longitudinal data analyses [11]. The use of GEE 
gives the opportunity to model multiple participants and all information they have 
provided during multiple measurements. The GEE regression coefficients have 
a pooled interpretation; partly between the subjects, but also partly within the 
subject. The latter meaning that the change in the independent variable over time 

sedentary time. With regard to the association between ethnicity and sedentary 
behaviour, they concluded inconclusive evidence for any sedentary behaviour type 
[3]. Our results refine these findings, in the sense that they showed that certain 
young adult social groups may yet benefit most from sedentary behaviour redu-
cing programs.

Concerning employment status, results from the ALSWH showed that young 
adult women working in white collar occupations and those with high working 
hours were more sedentary during the week, while women working in blue collar 
occupations and those working part time were less sedentary during the week. In 
the AGAHLS, young adults working full time showed a tendency towards higher 
computer use during leisure time. Since full-time working women were overall 
more sedentary during the week (ALSWH), and full-time working men and women 
(AGAHLS) spent more time on computer use during leisure time, employment 
status seems a relevant determinant of sedentary behaviour.

Interestingly, young adult women who were married and had children (ALSWH) 
were less sedentary. In the AGAHLS, no association between marital status and TV 
viewing or computer use was found, but this could be due to the different types of 
sedentary behaviour that were assessed in both cohort studies.

Other factors significantly associated with screen time in the AGAHLS included:
• Gender: males reported higher TV viewing and computer time.

Other factors significantly associated with generic sedentary behaviour in the ALSWH 
included:

• Stress: those experiencing more stress were more sedentary on both 
 week- and weekend-days.

One of the main conclusions derived from the two cohort studies, was that diffe-
rent determinants may be important for TV viewing and computer use (AGAHLS), 
and that determinants of generic sedentary behaviour may be different for week-
days and weekend-days (ALSWH). This, again, indicates that sedentary behaviour 
reducing programs should be tailored to the type of sedentary behaviour they 
want to change, and also to week-, or weekend-day sedentary behaviour.

Physical activity versus sedentary behaviour
Despite the claim that physical activity and sedentary behaviour are distinct 
behaviours [5,6], they share some determinants. Decreased physical health, low 
socio-economic status, smoking and stress were all associated with both physi-
cal activity and sedentary behaviour. Moreover, the associations were not always 
in the opposite direction. For example, young adults who were married and had 
children tended to be less physically active, but were also less sedentary. Besides, 
only in young adult Australian women, being physically inactive was associated 
with more sedentary time during the week and weekend. These findings suggest 
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independent variable may be strongly associated with physical activity status or 
sedentary behaviour. When such an independent variable is analysed in an analysis 
of changes, it would not be recognized as an important determinant due to a ‘zero 
change score’. Therefore, to our opinion, looking at changes is a slightly too narrow 
approach and we believe that the GEE-analyses performed in the studies in this 
thesis better reflect the total longitudinal association between the independent 
variables and physical activity and sedentary behaviour, respectively.

Comparison between GEE analysis and mixed models
Next to GEE, mixed models are commonly used for analysing prospective cohort 
data [18-20]. Both GEE and mixed models are suitable for longitudinal data ana-
lysis, as both methods correct for the dependency of the observations within one 
subject. Twisk [11] extensively described the differences and similarities between 
both methods, and stated that ‘If one is performing a population study and one is intere-
sted in the relationship between a dichotomous outcome variable and several other predictor 
variables, GEE analysis will probably provide the most ‘valid’ results’ [p.142]. 
This is mainly due to the fact that the regression coefficient calculated by mixed 
models is ‘subject specific’ compared to the ‘population average’ coefficient (i.e., 
the average of the individual regression lines) that is produced by GEE. When a 
continuous outcome is used, GEE with an exchangeable correlation structure 
should produce about the same results as mixed models with a random intercept. 
Only when one faces many missing data, a mixed models is to be preferred [21]. 
The studies in this thesis have used both dichotomous and continuous outcome 
measures, and the datasets included limited missing data. Hence, we used GEE to 
assess the association between potential determinants and physical activity and 
sedentary behaviour, respectively.

Methodology considerations, part 2: The longitudinal cohorts
The people The AGAHLS surveyed a relatively small regional sample of Dutch young 
adult men and women, while the ASLWH comprised a national population of over 
14,000 Australian women. Furthermore, participants of the AGAHLS were rela-
tively highly educated compared to the average Dutch population [22], whereas 
participants of the ALSWH were broadly representative of the female Australian 
population in that age group i.e.; married women, women with a university degree, 
and women not participating in the labour force were slightly overrepresented 
[23]. Research based on AGAHLS data is not generalisable to the Dutch (or any 
other) population, and research based on the ALSWH does not provide infor-
mation for men. Also, between the AGAHLS and the ALSWH there are large ‘
sample’ differences in terms of population, timing (see measurement period 
below) and geographical location.

Measurement period Both the AGAHLS and ALSWH are prospective cohort studies 
that started years ago, and followed up their participants on multiple occasions. 
The most recent ALSWH data included in this thesis were collected in 2009, which 
is relatively up-to-date. As such, results that originate from the ALSWH data 

(e.g., from no children to one child) is associated with an X times higher/lower 
likelihood to be physically active, compared with the situation in which no change 
occurs in the independent variable [11]. As such, our results provide information 
on determinants of physical activity behaviour at a certain point in time (between- 
subjects), but also over time (within-subject).

Why not use time-lag models or changes scores?
There are several other statistical approaches that can be used for analysing 
longitudinal data. Reports on previous research in the physical activity and 
sedentary behaviour field have sometimes used so-called time-lag models 
to assess the association between independent and dependent variables [12-
14]. If a study includes 5 follow-up measurements, time-lag models typically 
cross-combine independent variables with measured dependent variables; 
e.g., independent variables assessed in survey 1 (X1) are linked with dependent 
variables assessed in survey 2 (Y2) etc. (see Table 1).

Although time-lag models may sometimes be appropriate for analysing 
longitudinal data, we believe that, due to the design of the studies in this thesis, in 
our case it is not appropriate. We do not believe that it is biologically plausible that 
there is a time-lag of multiple years between most of the potential determinants 
we assessed, and physical activity or sedentary behaviour. Instead we believe that 
the time-lag between the independent variables and physical activity or sedentary 
behaviour is very short and is better captured with the model we applied in the 
papers in this thesis. To give one example: in the ALSWH study we wanted to 
assess the association between the number of children and physical activity 
(Chapter 5). If we had created a time-lag model including these variables, we would 
have tried to explain physical activity in 2009 by the number of children someone 
had reported in 2006, although the number of children in the follow-up period of 
three years might well have changed.

Another frequently applied method for analysing data from longitudinal studies is 
the use of change scores (i.e., X1–X2 or Y2–Y1) [15-17]. The difficulty with this method 
is that if a certain independent variable remains high over time and the likelihood 
to be physically active or sedentary remains also high over time, that particular 

Independent
variable

Dependent
variable

X1  Y2

X2  Y3

X3  Y4

X4  Y5

Table 1. Data modeling using time-lags
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Implications
From the studies in this thesis, it can be concluded that young adults with decre-
ased physical health, low socio-economic status, who are smoking and those who 
are stressed tend to be less physically active and more sedentary than their peers, 
and should thus be a priority focus when designing physical activity promoting and 
sedentary behaviour reducing interventions. 

Besides, researchers should consider the following when designing programs for a young adult 
population:

1)  Men and women differ in terms of their determinants of physical activity;
2)  Different intensities of physical activity (i.e., moderate intensity versus vigorous 

intensity) have different determinants;
3)  Different types of screen behaviour (i.e., TV viewing versus computer use) have 

different determinants;
4)  Determinants of sedentary behaviour are different for week- and week-

end-days.

Another important group of young adults to consider are those ‘married with 
children’. Stimulating physical activity in this particular population could not only 
be beneficial for the health of adults themselves, but also for the health of their 
child(ren). Previous research has indeed shown that parent physical activity may 
affect their children’s physical activity behaviour ([8]; Chapter 2). As having a first 
child was strongly negatively associated with physical activity, child health care 
centres could provide new parents with information on how to be physically active 
with their baby in and around the house, or of local physical activity initiatives for 
young parents (for example; running groups for mothers or baby swimming/yoga). 
Besides, sports centres or clubs could more often offer physical activity lessons 
that are suitable for young mothers and fathers together with their child or pro-
vide free/reduced child care.

Also, results from the ALSWH (Chapter 5), highlight the need for the development 
of ‘physical activity friendly’ urban environments, as young adults living in urban 
areas were less physically active than their peers living in rural or remote areas. 
The presence of recreation facilities, parks and green spaces, positive aesthe-
tics, and protection from traffic have been consistently associated with increased 
physical activity levels among youth and adults [30]. Municipalities should consi-
der this matter, when they are faced with land planning and development.

With regard to sedentary behaviour, as full-time working young adult women 
were shown to have higher overall sedentary time during the week, and fulltime 
working young men and women were more sedentary during leisure time (compu-
ter use), worksite interventions targeted at a young adult population seem a good 
starting point when trying to reduce sedentary behaviour. From our results, we 
cannot provide suggestions on how such programs should look like, but scientific 
interest in sedentary behaviour at work is rapidly rising, and multiple initiatives 

are likely to be generalisable to todays’ young women. On the other hand, the 
measurements of the AGAHLS we have used cover the period from 1985 to 2000, 
and the individual, social, and political environment has undergone considerable 
changes since then. Changes that in particular may have influenced screen-based 
behaviours (e.g., TV viewing, computer and cell phone use) [24,25]. This limits the 
generalisability of that cohort to young adults living in our current digital society.

Reliability and validity of measurement instruments Physical activity and sedentary 
behaviour were self-reported, which is susceptible to recall bias and social desi-
rable answering [26,27]. Furthermore, the validity of the AGAHLS semi-structured 
physical activity interview was assessed in the first four years of the study, i.e., in 
the adolescent period [28], but was not re-tested during young adulthood. Within 
the ALSWH, a modified version of the Active Australia questionnaire was used 
to assess physical activity behaviour, which has been shown to have acceptable 
levels of test-retest reliability and construct validity (using both pedometer and 
accelerometer data as criterion measures) [29]. However, reliability and validity 
were examined in mid-age women only. With regard to the assessment of seden-
tary behaviour, both the AGAHLS and ALSWH used relatively simple sedentary 
behaviour questions (see Chapter 6 and 7 for details), which were not evaluated 
concerning their reliability and validity. Finally, potential determinants of physical 
activity and sedentary behaviours were also self-reported (except for sum of skin 
folds, aerobic- and neuromotor fitness in the AGAHLS).

Strengths!
Although we recognize the shortcomings of the studies included in this thesis, 
our results update the evidence regarding determinants of physical activity and 
sedentary behaviour in children and adolescents, and provide insight into person-
related determinants of physical activity and sedentary behaviour in young adults. 
As stated before, previous research has mainly focused on other populations, and 
most evidence was derived from cross-sectional studies [2,3]. For our analyses on 
data from young adults, we used two extraordinary longitudinal datasets from two 
different countries that are not only separated in distance (9239 miles or 14 869 
kilometers) but also in time; i.e., together both studies cover a period of almost 25 
years. The major advantage of any longitudinal study is that it provides data about 
the same individual at different points in time. A fine metaphor published on the 
public website of the University of Essex underlines this important feature: ‘You 
could think of it [longitudinal studies] as a photograph album rather than a single snapshot. It 
tells a story of people’s lives at a moment in time, but also over time, showing how individuals 
or families have changed’ (https://www.iser.essex.ac.uk/ulsc/longitudinal-faqs).

From a statistical point of view, we handled the data of young adults in such a way 
that alteration of the original information was kept to a minimum; i.e., we neither 
used time-lag models nor created change scores (see also p. 172-173). Instead, 
we used GEE models that capture change in the potential determinant as well as 
change in the outcome over time.
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• In the current chapter, we have elaborated on the rationale for choosing the 
GEE technique over and above other techniques that suit prospective data. Yet, 
to our knowledge there is no common consensus in the research society of 
public health/biomedical sciences on how to analyse longitudinal data when 
conducting determinant research, and not all researchers are familiar with the 
statistical methods that are required to explore data from prospective cohort 
studies. As international collaboration is already well established in academia, 
we recommend arranging an expert working group concerning longitudinal 
studies and data analyses. This working group could then, for example, try 
to evaluate existing longitudinal statistical techniques that may be used for 
exploring such data. For researchers in general, but in particular for resear-
chers who just joined academics, it would be very helpful to get insight in how 
to handle longitudinal data properly.

• An obvious recommendation for future studies that examine determinants of 
physical activity and sedentary behaviour is the use of objective measurement in-
struments -such as accelerometry-, to assess individuals’ time spent in physical 
activity and sedentary behaviour. As was mentioned before, self-reported physi-
cal activity and sedentary behaviour are often biased; self-report measures tend 
to overestimate physical activity and underestimate sedentary behaviour com-
pared to objective measures such as accelerometers [35]. Since both measures 
have their limitations a combination of both would be preferable. Using objective 
measurement instruments may not be feasible in large population-based studies 
like the ALSWH. For cases in which self-report is the only suitable option, the 
questionnaire should be valid and reliable in the target population.

• Last but not least, we recommend to conduct more qualitative studies among 
at-risk groups that could help to gain more insight in unexplored determinants 
as well as the ‘why’ of observed associations.

CONCLUSION
Likely, modern society faces increased levels of physical inactivity and sedentary 
behaviour. To prevent adverse health effects that are associated with both behavi-
ours, it is important to expand our knowledge of at-risk groups and important fac-
tors that are associated with either behaviour. Young adults who are at higher risk 
of being less physically active and more sedentary include those with decreased 
physical health, lower socio-economic status, those who smoke and experience 
more stress. When developing physical activity promoting and sedentary behavi-
our reducing programs, researchers should consider that i) men and women, ii) 
different intensities of physical activity, and iii) different types of sedentary beha-
viour have different determinants. Structural determinant research will add to the 
evidence base identifying important factors that underlie health-related behavi-
ours, and as such, increase the chance to eventually be successful in changing 
physical activity and sedentary behaviour.

that try to reduce occupational sedentary behaviour are being developed and 
tested [31-33]. These programs are also likely to reduce sedentary behaviour in 
young adult full-time workers, which we think is desirable.

Lastly, our findings showed that men engage in more TV viewing and computer use 
during leisure. A higher prevalence of leisure screen time among men than among 
women has been reported before [27,34], and we suggest that men are a final rele-
vant target group for leisure time sedentary behaviour reducing interventions.

What should be next?
This thesis improves our understanding of determinants of physical activity and se-
dentary behaviour. There is certainly room to further expand this research area, and 
therefore we listed some thoughts and recommendations for future research below.

• Conducting our own research, we noted that there is little structural determinant 
research in general. From an intervention development perspective, studies 
that focus on examining factors that influence either physical activity or seden-
tary behaviour in a specific population should outnumber effect- and process 
studies, but this is not the case. We therefore suggest that researchers em-

 phasise and stress the importance of structural determinant research, before 
developing programs. This may seem ‘dull’ or time consuming but expanding 
knowledge on determinants that underlie health-related behaviours will in-

 crease the chance to eventually be successful in changing behaviour in youth 
and (young) adults. Naturally, a close cooperation between ‘theoretical’ 

 researchers and developers is required (if not the same person/group).

• One of the advantages of prospective (cohort) studies is that they provide in-
formation on factors that are associated with health-related behaviour on the 
long-term, and give the opportunity to model the development of health-

 related behaviours over several years. Yet, only few prospective studies 
 including physical activity and sedentary behaviour measures have been carried 

out. We recognize that prospective cohort studies can be very expensive and 
time consuming, but we think that this does not weigh out the valuable informa-
tion they may offer. Funding bodies could therefore, for example, prioritize the 
funding of longitudinal data collection, or highlight the importance of conduc-
ting longitudinal studies in their calls.

• As young adulthood can be a turbulent period in which many life changes 
occur, specific attention should be paid to young adult men and women (i.e., 
early twenties to mid thirties). Few studies have specifically focused on young 
adults when compared with the number of studies investigating (determinants 
of) physical activity and sedentary behaviour in children/adolescents or older 
adults. Young adults are likely to become parents of a new generation, and 
stimulating them to maintain/take up an active lifestyle may therefore benefit 
future generations as well.
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Doctor Philosophos liet een nietsvermoedende Fiep op de ochtend van haar 18e 
verjaardag de formule uitspreken. Dat was nog helemaal niet gemakkelijk want 
Fiep wilde in eerste instantie niets weten van zijn ‘betweterige werk’ (‘en dat dan 
ook nog op mijn verjaardag’). Teneinde van het gezeur van haar vader af te zijn 
herhaalde ze morrend de woorden die hij op een stuk perkament had geschreven. 
De formule deed zijn werk en bracht Fiep klokslag 11.59 uur –de tijd waarop zij 
18 jaar geleden het levenslicht zag- inderdaad een prins. Het was werkelijk een 
prachtexemplaar; zijn donkere golvende haren, die perfect afstaken tegen zijn 
groene ogen, glommen in de zon. Hij droeg zwarte schoenen met gouden gespen
en een paars fluwelen cape (de beschrijving van de prins was Lu’s favoriete 
gedeelte). Betoverd door de formule was hij de avond daarvoor op zijn paard 
gesprongen en regelrecht vanuit het koninkrijk far-far-away naar het huis van 
Doctor Philosophos gegaloppeerd dat aan de rand van Nijzel lag. Toen hij Fiep zag 
was hij op slag verliefd en nog diezelfde dag vroeg hij haar ten huwelijk.

Eind goed al goed? Helaas niet, want Doctor Philosophos had één ding over het 
hoofd gezien. Fiep twijfelde namelijk geen moment en vertrok tegen het vallen 
van de avond met haar prins naar far-far-away. Ze liet haar vader achter met de 
woorden: ‘Jij leeft veel te veel in je brein. Ik heb je de laatste tijd amper gezien en 
zelfs vanochtend kon je je werk niet terzijde schuiven. Dergelijke types kunnen wij 
in far-far-away niet gebruiken want far-far-away is een koninkrijk van hier en nu’. 
Waarop ze haar vader ontroostbaar en alleen achterliet. Hij kreeg niet eens de 
kans haar te vertellen over zijn prinsen-formule.

De dagen die volgenden op het vertrek van zijn dochter zag men Doctor Philosophos 
nauwelijks. Hij hield zijn deur en raamluiken gesloten. Alleen ’s avonds vertoonde 
zijn huis tekenen van leven als er rook uit zijn schoorsteen kringelde. Toen ook de 
rook uitbleef besloten een paar bewoners van Nijzel het voordeurslot te forceren. 
In een van de kamers, volgens het bordje op de deur de ‘kenniskamer’, vonden 
zij een dik boek dat ongelooflijk zwaar was. Op de zwarte kaft stond in vuurrode 
letters Foper Schrift geschreven. Verder was het huis vrijwel leeg, op een houten 
bureau en dito stoel na. Van Doctor Philosophos ontbrak ieder spoor. Men ver-
moedde dat de Doctor eerst de prinsen-formule tussen de mysterieuze donkere 
tekens van het Foper Schrift verstopt had (om andere ouders voor hetzelfde 
verdriet te behoeden), vervolgens zijn wetenschap aan de wilgen had gehangen en 
daarna zijn dochter achterna gereisd was.

In de loop der tijd waagden Nijzelse vaders en moeders toch meerdere pogingen 
om het Foper Schrift te ontcijferen in de hoop voor hun eigen dochters een prins 
te betoveren. Ze deden dat in de kenniskamer, omdat het boek met geen moge-
lijkheid te verplaatsen was. Maar, het Foper Schrift bleek voor iedereen een te 
groot raadsel en men verloor uiteindelijk de belangstelling en het huis van Doctor 
Philosophos veranderde in een treurig, stil bouwsel. Tot op een frisse ochtend in 
de herfst, toen de bomen langzaam al hun bladeren begonnen te verliezen, de 
zon een zacht rood licht verspreidde en het gefluit van de vogels hun trek naar het 
zuiden aankondigde. Want dat was de dag dat Lu doelgericht en vastbesloten over 
de drempel van de kenniskamer stapte. Verlangend naar haar prins.

ONCE UPON A TIME…

Er was eens een meisje dat van raadsels hield en van verhalen. Ze was een echte 
denker. Soms dacht ze zó hard na dat je het kon horen kraken als je je oor maar 
dicht genoeg bij haar krullen hield. Het meisje was heel nieuwsgierig: naar andere 
mensen en talen, naar verre landen en exotische zoetigheden, naar ingewikkelde 
theorieën en merkwaardige hersenspinsels. Ze kon uren achtereen lezen en 
schrijven waarbij ze de wereld om haar heen vaak eventjes vergat en zich verloor 
in de woorden en zinnen die vanuit haar hoofd op papier druppelden of juist vanaf 
het papier haar hoofd in kropen. Het meisje heette Lu.

Het allerliefst las en schreef Lu sprookjes. Ze was gek op magische spiegels, boze 
heksen, zingende bosdieren en bovenal… op prinsen. Lu droomde ervan te trou-
wen met een échte prins. Ze had hem al helemaal uitgetekend; hij moest lang zijn 
en slank, blond, met een markante neus, blauwe ogen, parelwitte tanden en een 
stralende lach. De jongens uit Nijzel, het dorpje waar Lu woonde, voldeden geens-
zins aan dit beeld en het was daarom dat Lu vijf weken voor haar 18e verjaardag 
besloot het heft in eigen hand te nemen. Ze zou proberen de prinsen-formule uit 
het Foper Schrift te ontrafelen.

Het Foper Schrift was een schrift met mysterieuze donkere tekens die begonnen 
te dansen als je er te lang naar keek. Van kleins af aan was Lu dol geweest op het 
verhaal van het Foper Schrift. De ouders van Lu, Wom en Jike, hadden haar de ge-
schiedenis zeker duizend keer moeten vertellen voor het slapengaan. ‘Heel lang 
geleden…’ zei Wom dan al zittend op de rand van Lu’s bed, ‘was er eens een hele 
slimme man in Nijzel’ vervolgde Jike terwijl ze de deken tot onder Lu’s kin trok, 
‘die men kende als Doctor Philosophos’. Deze Doctor werd zeer gerespecteerd om 
zijn wijsheid, verkregen door te experimenteren, analyseren en observeren. Doctor 
Philosophos had geen vrouw, maar wel één dochter –Fiep- die helaas niet al te snug-
ger en niet al te knap was en ook best een beetje mollig (ze hield nogal van snoepjes 
en taartjes). Net als Lu wilde Fiep graag trouwen met een prins, maar gezien haar 
onflatteuze voorkomen voorzag Doctor Philosophos dat zelfs geen stadsjongen hem 
om haar hand zou komen vragen. Dit stemde de Doctor verdrietig want Fiep was zijn 
grootste schat en liever dan wat dan ook wilde hij haar gelukkig zien.

Toen Doctor Philosophos op een nacht wakker werd en Fiep snikkend hoorde 
prevelen; ‘Ik ben niet begeerlijk, ik eet teveel snoepjes en taartjes, ik zal altijd 
alleen blijven’, brak zijn vaderhart. Daarop besloot de Doctor tot aan de dag van 
Fiep’s 18e verjaardag al zijn experimenten, analyses en observaties te wijden aan 
het opstellen van een formule die Fiep een man zou brengen. Niet zomaar een 
man, maar een prins! En zo geschiedde.
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Foper Schrift notities in een handomdraai overzichtelijk wisten te maken en haar 
notities van handige tabellen voorzagen. De familie Willow was ook bijna altijd van 
de partij. Zij lieten geen gelegenheid voorbij gaan om lekker gek te doen en een 
feestje te bouwen, terwijl familie de Wereld zorgde voor mooie glaasjes en ser-
vetjes, fijne hapjes en belezen gezelschap. Met haar vriendinnen, de ‘Sweet Eight’ 
kon Lu op zo’n borrel uren kletsen over ditjes en datjes én de belangrijke zaken 
in het leven. Meestal waren er een handvol leden van de ALPHA-BETA club (‘Men 
ontdekt met Intellect’) waar Lu lid van was. De ALPHA-BETA’s luisterden geduldig 
naar Lu’s ellenlange theorieën over het Foper Schrift. Zij schreven Lu vijf weken 
lang brieven vol met verwijzingen naar andere mensen die oude schriften bestu-
deerden en handige tips over het plannen en organiseren van haar onderzoek.

De tijd vloog om en met nog slechts twee dagen te gaan tot aan haar 18e verjaar-
dag, begon Lu toch wat ongerust te worden. Na uren van lezen en schrijven en het 
gevoel niets te zijn opgeschoten sloeg ze het boek met een harde klap dicht. 
Ze speelde met de gedachte de kenniskamer te verlaten om er nooit meer terug 
te komen, maar toen werd er aangebeld. Op de stoep van Doctor Philosophos’ 
huis stonden twee mannen en vijf vrouwen. Ze droegen lange zwierige gewaden 
en chique hoge hoeden. Vier van hen stelden zich voor als de Wijzen uit A’dam. De 
andere drie, allemaal dames, kwamen uit een land ver, ver van Nijzel: het waren 
Down Unders. Tot diep in de nacht bogen zij zich over het Foper Schrift. Ze kwa-
men met vernieuwende ideeën, deden talloze suggesties, gumde hier en daar wat 
van Lu’s aantekeningen uit en kriebelden opmerkingen in de kantlijn. Ze belden 
zelfs met de oprichters van het Bureau der Moeilijke Geschriften om de signifi-
cantie van een aantal Foper Schrift tekens te achterhalen. Inspiratie, bevlogenheid 
en bezieling vermengden zich met de zuurstof in de kenniskamer. Lu ademde diep 
in en uit om zoveel mogelijk van die begaafde energie op te zuigen, als een spons. 
Ze deed echt haar best om hun redeneringen en uiteenzettingen bij te houden, 
maar het denk- en werktempo van de Wijzen uit A’dam en de Down Unders werd 
haar ten slotte teveel. Ze kon haar ogen niet meer open houden en viel met haar 
hoofd op het Foper Schrift in een diepe slaap.

Pas bij het krieken van dag -de dag dat Lu 18 jaar zou worden- lukte het Do, Re 
en Mi om haar uit deze diepe slaap te wekken. Geschrokken dat ze zoveel tijd ver-
loren had begon Lu direct al haar notities, tabellen en gedachten te verzamelen. 
Als een razende bladerde ze door het zware boek, bekeek nog eens de bladzijden 
waar ze ezelsoren bij gemaakt had, probeerde in haar hoofd alle informatie te 
combineren en zich te herinneren wat de Wijzen uit A’dam en de Down Unders 
haar hadden geleerd. Lange tijd waren de enige geluiden in de kenniskamer het 
gespin van Krid en de zoemende vleugeltjes van de drie elfjes, maar om 11.58 uur 
ontsnapte uit Lu’s mond een voorzichtig Eureka. De tekens van het Foper Schrift 
dansten voor haar ogen, maar uit deze op het eerste gezicht willekeurige dans 
begonnen zich langzaam woorden te vormen. Woorden die samen een zin 
maakten. 

Lu volgde met haar wijsvinger de rode letters op de kaft en sloeg het dikke boek 
open. Stof kriebelde in haar neus en ze moest haar best doen om niet te niezen. 
Ze trok de oude houten stoel van Doctor Philosophos onder het bureau vandaan 
en ging zitten, haar ogen rustend op de eerste bladzijde van het Foper Schrift. 
Plots trok een zacht gemiauw vanonder het bureau haar aandacht. Lu liet zich 
snel vanaf de stoel op haar knieën zakken en keek recht in de amandelvormige 
ogen van een witte kater. Het beest zag er oud en een beetje verwilderd uit, maar 
ook vriendelijk en Lu besloot in één seconde dat hij een fijne metgezel zou zijn 
voor de komende weken. Ze noemde hem Krid.

Met Krid op schoot tuurde Lu tot aan het middaguur onafgebroken naar de mys-
terieuze donkere tekens. Ze begreep van dat hele schrift nog geen letter. Met een 
zucht stond ze op, rekte zich uit en liep een paar rondjes door de kenniskamer. 
Daarna belde ze haar ouders op om te vragen of ze zin hadden om ’s middags een 
kopje thee te komen drinken. Wom en Jike wisten van Lu’s plannen en hoewel ze 
een beetje bang waren dat Lu net als Fiep zou vertrekken met haar prins, hadden 
ze afgesproken dat ze ook bij dit avontuur haar grootste steun en toeverlaat 
zouden zijn. Twee creatieve geesten, vier luisterende oren, twee monden vol ver-
standige woorden, vier liefkozende handen en evenzoveel armen, vier begrijpende 
ogen, twee gouden harten en ook twee lijven vol onvoorwaardelijk vertrouwen. 
Hun raad had haar gedurende haar leven al vele malen op het juiste pad terug 
gebracht. Lu wist dat ze met hen aan haar zijde een goede kans had om de 
prinsen-formule uit het Foper Schrift te halen.

Al mijmerend over haar formidabele ouders werd Lu ineens een brommend geluid 
gewaar. Ze keek zoekend om zich heen en ontdekte op een van de lege planken 
hoog boven de vloer twee zilverkleurige elfjes. Lu had nog nooit elfjes in Nijzel 
gezien, maar ze vond het eigenlijk niet gek dat zulke wezentjes uitgerekend in de 
kenniskamer rondhingen. Het was immers toch een soort van magische plek. Met 
vederlichte vleugeltjes vlogen de twee elfjes op Lu af en streken neer, elk op een 
andere schouder. Niet lang daarna volgde een derde elfje. Haar vleugeltjes, haren 
en jurkje waren zachtroze. De twee zilverkleurige elfjes stelde zich met hoge 
stemmetjes voor als Do en Re, het elfje met de zachtroze gloed heette Mi.

Gedurende de dagen en weken die Lu doorbracht in de kenniskamer probeerden
Do, Re en Mi haar zo goed en zo kwaad als het ging te ondersteunen bij het 
ontcijferen van het Foper Schrift. Gedrieën klaarden ze allerlei klusjes zoals het 
oppoetsen van Lu’s leesbril, het aanvliegen van nieuw kladpapier en het scherpen 
van potloden. Ook brachten ze haar regelmatig hete kruidenthee om van te nippen 
en frisse komkommer om op te knagen en zorgden ze voor de nodige ontspan-
ning als Lu weer eens te lang met haar neus in het boek had gezeten. Af en toe 
organiseerden de elfjes zelfs een gezellig borreltje in de kenniskamer. Vrijwel alle 
Nijzelaars werden dan uitgenodigd. De hele familie Smoth bijvoorbeeld, die nooit 
te beroerd was om een goede discussie te voeren over actualiteiten of grappige 
voorvallen aanhaalden. Lu was bijzonder gesteld op Rib en An Smoth die haar 
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buiten om haar en haar prins uit te zwaaien. Ze blies hen een handkus toe en dankte 
hen in gedachte nogmaals voor de eindeloze support. Naar Wom en Jike blies ze 
een extra kus en ze riep hen toe dat ze snel weer naar Nijzel zou terugkeren en dat 
ze dan als welkomstdiner graag kapucijners met spek wilde eten. Ze was nooit van 
plan geweest om net als Fiep voorgoed te verdwijnen…

Toen richtte Lu haar blik op de toekomst. Terwijl de wind haar krullen in het rond 
zwiepte hield ze zich stevig vast aan prins Wang en reden zij in de felle middagzon 
samen een nieuw avontuur tegemoet.

Needless to say: ‘en ze leefden nog lang en gelukkig’.

  In volgorde van opkomst

 Wom & Jike Geweldige Wim (Paps) & Joke (Mams)
 Krid Gekke Dirk
 Do, Re & Mi Super Femke, Sophie & Joske
 Familie Smoth Praatgrage Smithjes 
 Rib & An Smoth Artistieke Rob & Anouk
 Familie Willow Uitbundige Uijtdewilligens
 Familie de Wereld Culinaire en georganiseerde De Weerdjes 
  Nico, Coby, Moniek & Paul
 De Sweet Eight Gezellige Chayèn, Kim, Krista, Merel, Petra, Sophie, Tess & 
  Zorynda
 Leden ALPHA-BETA club 1) Alle kamergenoten van C-581 door de jaren heen:
   Afra, Arnela, Evelien, Isis, Julian, Juan, Matthijs, Pam, 
   Ria, Saskia & Vera
   En de kamergenoten tijdens mijn eerste werkmaanden: 
   Diana, Liesbeth & Miranda
  2) SG & EMGO+ collega’s 
   in het bijzonder Annette, Brahim, Inge, Jozien & Trees
  3) Lando & Teatske
  4) My Australian ‘mates’
   Chrissy, Clare, Gemma, Helen, Kate, Kayla & Simran
 Wijzen uit Adam Briljante Amika, Jos, Mai & Willem 
 Down Unders Excellente Geeske, Jannique & Wendy
 Oprichters Bureau der 

 Moeilijke Geschriften Leescommissie en Oppositie
  Allard van der Beek, Frank van Lenthe, 
  Han Kemper, Hans Brug, Ilse De Bourdeaudhuij, 
  Isabel Ferreira & Jantine Schuit
 Prins Wang Lieve Sander    
  I, I’m so in love with you, whatever you want to do, is all right with me.  
  You make me feel so brand new. And I want spend my life with you.   
  Let’s stay together

Met trillende stem en bonkend hart fluisterde Lu: ‘Determinanta Inactivia Adulta 
Prinsa’. Ze zei de zin eerst heel zachtjes, maar toen luider en luider en steeds 
luider! De enthousiaste armgebaren die daarmee gepaard gingen deden al haar 
paperassen van Doctor Philosophos’ bureau dwarrelden. Met handen die beefden 
van opwinding probeerde ze orde in de ontstane chaos te scheppen. Daarbij kreeg 
ze hulp van Do, Re en Mi, maar ook  Wom en Jike waren opeens in de kenniskamer. 
En zag ze daar rechts in de hoek nou de Wijzen uit A’dam, de Down Unders en 
ALPHA-BETA’s staan?

Enkele seconde na Lu’s Eureka-moment was de kenniskamer volgelopen met alle 
mensen die haar op hun eigen manier een hart onder de riem gestoken hadden 
sinds die frisse ochtend in de herfst. Hun aanwezigheid vervulde haar met een 
diep gevoel van geluk en omdat ze niet gewoon kon zeggen hoe dankbaar ze was 
begon ze zachtjes te zingen:

So I say,
thank you for the music, the songs I’m singing.

Thanks for all the joy they’re bringing.
Who can live without it, I ask in all honesty

what would life be?
Without a song or a dance what are we?

So I say thank u for the music
For giving it to me

Voordat Lu aan het volgende refrein kon beginnen werd er op de deur van de 
kenniskamer geklopt die daarna met een vloeiende beweging open zwaaide om de 
wonderschone prins te onthullen die erachter had gestaan. Lu wist het direct, dit 
was háár prins. Zijn ogen waren precies zo blauw als ze zich had voorgesteld. 
Hij was lang, slank en blond en zijn markante neus benam iedereen in de kennis-
kamer de adem. Zijn parelwitte tanden en ingetogen glimlach waren werkelijk 
oogverblindend en Lu moest haar best doen om niet in katzwijm te vallen van zijn 
aanblik. Ze besefte dat deze prins tijdens de ontcijfering van het Foper Schrift 
geen minuut uit haar gedachte was geweest. Zij had op moeilijke momenten zijn 
aanwezigheid in de kenniskamer gevoeld. Maar, ook als ze een kleine doorbraak 
had was het zijn stem die in haar hoofd geklonken had en zei dat ze de successen 
samen zouden vieren zodra dat kon. Er was geen twijfel mogelijk, daar stond haar 
liefde. Als ze in zijn ogen keek voelde ze dat ze thuis was. 

De prins stelde zich voor als Prins Wang uit Sing. En terwijl Krid tegen zijn been 
schurkte keek hij Lu aan en vroeg op verlegen toon: ‘Lust je noedels?’ ‘Want in 
mijn land eten ze niet anders en ik wil je graag met me meenemen. Ik lief jou’. 
Daarna stak hij zijn hand naar haar uit. Zonder aarzelen legde Lu haar hand in de 
zijne, zei: ‘Ik lief jou ook’ en liet zich door hem het huis van Doctor Philosophos 
uit leiden. Ze klom achterop zijn witte paard en toen het dier begon te lopen keek 
ze vlug achterom. Iedereen die eerder in de kenniskamer had gestaan stond nu 

♪

♪

♪

♪
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The End
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