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Abstract 

Emma Johansson 

Title: Association between age and objectively measured sitting patterns at work in 

different office types 

Course: Degree thesis with the main area Occupational health 

Institution: University of Gävle 

Ageing has been associated to ill health due to sedentary behaviour. Limited knowledge 

exists about age and sedentary behaviour in the working population. Additionally, 

studies with objectively measured sitting time at work are needed. The current study 

aimed to investigate the association between age and sitting patterns (volume- and 

temporal patterns) at work in different office types. Method: Cross-sectional 

associations were investigated with measurements of sitting with accelerometers 

(ActiGraph GT3X+) on office-workers (n=101). Written diaries and questionnaires 

were used to collect information about working time, age and background factors. Main 

results: Weak associations were found between age and sitting patterns at work. 

Associations were found between age and short periods of sitting (β= -0.29, SE= 0.01, 

p<0.05). Office-type (cell-based office and open-plan office) did not modify the 

associations. No other associations were found after a change to activity-based offices. 

Conclusion:  Overall, age was not associated to sitting patterns at work, except for short 

periods of sitting, indicating less variation in sitting time at work with higher age. Also, 

results indicate that office type do not influence the associations investigated in this 

study. Further research with larger sample sizes is needed to confirm these findings. 

 

Keywords: age, sitting patterns at work, objective measurements, accelerometer 



 

 

 

Sammanfattning 

Emma Johansson 

Titel: Associationen mellan ålder och objektiva mått på sittandemönster på arbetet i 

olika kontorstyper 

Kurs: Examensarbete i arbetshälsovetenskap 

Lärosäte: Högskolan Gävle 

Äldre personer är en riskgrupp för stillasittande beteende vilket är relaterat till olika 

hälsorisker. Det finns begränsad kunskap om ålder och stillasittande i den arbetande 

populationen. Ökad kunskap om hur hälsa kan främjas i arbetslivet för att behålla äldre i 

arbete längre är därmed viktigt. Vidare finns det också ett behov av studier med 

objektiva mätningar av sittande. Syftet med den här studien var att undersöka 

associationen mellan ålder och sittandemönster (volym- och tidsbestämda mönster) på 

arbetet i olika kontorsmiljöer. Metod: Tvärsnittsassociationer undersöktes genom att 

mäta sittande med accelerometrar (ActiGraph GT3X+) på kontorsarbetare (n=101). 

Skriftliga dagböcker och enkäter användes också för att samla in data om arbetstid, 

ålder och bakgrundsinformation om deltagarna. Huvudresultat: Det fanns svaga 

associationer mellan ålder och sittandemönster på arbetet. Det framkom associationer 

mellan ålder och tid i korta perioder av sittande (β=-0.29, SE=0.01, p<0.05). Kontorstyp 

(cellkontor och kontorslandskap) modifierade inte associationerna mellan ålder och 

sittande. Inga andra associationer kom fram efter att deltagarna bytt till 

aktivitetsbaserade kontor. Slutsats: I det stora hela var ålder inte associerat med 

sittandemönster på arbetet, förutom tid i korta perioder. Associationen mellan ålder och 

sittande i korta perioder indikerade på att variationen i sittande minskar med ökad ålder. 

Resultaten indikerade också på att kontorstyp inte har någon betydelse för de 

associationer undersökta i denna studie. Vidare forskning med fler deltagare behövs för 

att bekräfta dessa resultat. 

 

 

Nyckelord: ålder, sittandemönster på arbetet, objektiva mätningar, accelerometer 
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Background 

The population in Europe is in a transition to an older population structure (Eurostat, 

2016). Since 1990, the proportion of people over 65 years has increased with 27%, 

while people in the age group 20 – 64 years have only increased with 3%. This is 

causing an increase in the old-age dependency ratio (Statistiska centralbyrån, 2012). 

One way to handle this is to postpone the retirement age. The Swedish parliament has 

for example conducted a report evaluating prolonged working life and the prerequisite 

on the labour market (Sverige, Riksdagen, & Arbetsmarknadsutskottet, 2014). 

Retention- and integration of an older workforce is important to focus on. Particularly 

because of the social and economic issues related to an ageing population (Mackey, 

2013). An older population and a prolonged working life increase the amount of older 

people working. Consequently, knowledge about occupational factors, which can entail 

increased health risks for older workers may become even more important.  

Sedentary behaviour is a current health issue, in particular prolonged periods of sitting 

without interruption. Prolonged sitting increases the risk of mortality, heart disease and 

diabetes mellitus (Dunstan, Howard, Healy, & Owen, 2012; Statens Folkhälsoinstitut, 

2012). Older people are a risk group for ill health. Several studies shows that 

sedentariness is related to all-cause mortality among older people (Rezende, Rey-López, 

Matsudo, & Luiz, 2014). Prolonged sitting at work is also related to static load, which 

can cause problems with the neck and upper extremities. Ageing entail physiological 

changes, such as a natural loss in muscle mass, that is, sarcopenia (Toomingas, 

Mathiassen, & Wigaeus Tornqvist, 2008, p. 210). This requires more dynamical load to 

compensate the losses in strength and coordination that comes with the physiological 

changes. Because of this, it is suggested that it is of greater importance for older adults 

to avoid monotonous low intensity work (Toomingas et al., 2008, pp. 206–210).  

The majority of older adults (>60 years) are sedentary for more than four hours every 

day, which is accounted as sedentary behaviour (Harvey, Chastin, & Skelton, 2013). 

Results from several reviews show that, among elderly people, sedentariness is more 

prevalent among older- (age groups ≥75) than among younger groups (Harvey et al., 

2013; Sun, Norman, & While, 2013). However, none of these reviews has focused on 

people of working age. Also, the authors of these reviews note that studies with 
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objectively measured sitting time are limited. This could lead to bias and attenuated 

statistical relationships due to self-reported measurements (Kwak, Proper, Hagströmer, 

& Sjöström, 2011). In one study with objective measurements of sitting time, a positive 

association has been found between age and total sedentary time during a day. Further, 

the study reported that sedentariness increased in people above 40 years of age 

(Matthews et al., 2008). Increased sitting time in leisure has also been seen in age 

groups from 50 years of age and older (Watson et al., 2016). This suggests that 

sedentary time is increased among older individuals even in people of working age. 

Some reasons that could explain increased sitting among older workers are decreased 

physical function (Morley, Baumgartner, Roubenoff, Mayer, & Nair, 2001), chronic 

diseases, muscle- and joint problems (Östlund, 2012), and general fatigue (Zengarini et 

al., 2015). 

Physical variation of load is also suggested to affect health (Mathiassen & Winkel, 

1991). In line with this, research has reported temporal patterns of sitting time as an 

important aspect in sedentary behaviour (Ryan, Dall, Granat, & Grant, 2011). Temporal 

patterns are defined as “the change in exposure across time” (Straker et al., 2014, p. 

615). Different exposure levels (e.g. sitting, standing and walking) and duration of 

uninterrupted sequences of these exposure levels quantifies temporal patterns (Straker et 

al., 2014). 

In leisure many people spend a large amount of their time in sedentary behaviour 

(Folkhälsomyndigheten, 2016). At work people also spend a large of their time in 

sedentary behaviour, especially in office-work. Around 60% of the time at work is spent 

sitting among workers with office-based jobs. Temporal patterns of sitting in office 

work is often characterized by a high occurrence of long uninterrupted sitting periods, 

e.g. >30 minutes (Ryan et al., 2011). Sitting time in periods of less than 20 and 30 

minutes every day of the week is current health recommendation. Research indicates 

that people in office-based jobs do not meet these recommendations (Ryan et al., 2011). 

The physical work environment can differ between different offices. Workstations are 

designed differently (Bohgard, 2015, p. 179) and workplaces use different types of 

office concepts (Danielsson, B, 2009). Some examples of common office-types are cell-

based offices, open-plan offices (Danielsson, B, 2009) and activity-based offices 

(Gorman et al., 2013). A cell-based office is a room for one single person. 



 

3 

 

In open-plan offices employees share a common workplace. Open-plan offices can 

differ in for example amount of people in the office (Danielsson, B, 2009). In activity-

based offices the employees do not have their own work station. Employees can choose 

were to work depending on the character of the work tasks. The activity-based office 

contains of spaces that suits for different activities, such as concentrated work, 

telephone calls and group activities (Wohlers & Hertel, 2017). Office structure and 

design can have an impact on sitting patterns. For instance, activity based office in 

comparison to conventional workplace (Gorman et al., 2013) and interventions 

introducing standing workstations (Gardner, Smith, Lorencatto, Hamer, & Biddle, 

2016) have been related to reduced sedentary behaviour in previous research. Also, 

frequency in breaks of sitting can differ between office types (Duncan et al., 2015). It is 

important to consider office settings in research on sedentary behaviour. Additionally, 

different office settings could for example enable more variation in sitting patterns. 

With consideration to age and sedentary behaviour, if workers have the option to 

alternate between activities the possible differences in sitting patterns between younger 

and older workers could be more apparent. 

A systematic review of the literature performed by the author of this thesis shows 

contradictory results concerning age and sitting patterns in office-workers. One high 

quality study, with objective measurements, from the review shows that total sitting 

time and prolonged sitting bouts at work were not associated with age (Hadgraft et al., 

2016). Further, results from self-reported measures presented in one study show that 

total sitting time at work were related to lower age (De Cocker, Duncan, Short, van 

Uffelen, & Vandelanotte, 2014). In contrast, another study reported that more sitting 

time at work was associated to higher age, but only in men (Mummery, Schofield, 

Steele, Eakin, & Brown, 2005). Another study found that more standing time at work 

was associated to higher age, when standing was measured objectively, while no 

association was found for self-reported standing time (Wick, Faude, Schwager, Zahner, 

& Donath, 2016). Further in another study identified by the review, age was positively 

associated with self-reported breaks in sitting (Duncan et al., 2015). According to this 

review, the evidence for an association between age and sitting at work is inconclusive. 
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Most of the research in the systematic review are of relatively low quality, i.e. mainly 

using self-reported measurement instruments (De Cocker et al., 2014; Duncan et al., 

2015; Ekenga, Parks, Wilson, & Sandler, 2015; Mummery et al., 2005; Salmon, Owen, 

Bauman, Schmitz, & Booth, 2000), with one of these studies having a low response rate 

(Duncan et al., 2015). Also, only one study analysed temporal patterns of sitting 

(Hadgraft et al., 2016). More detailed information about the studies is presented in 

Appendix 1. It is suggested that objective measurements of sitting are more accurate and 

precise than self-reported measurements. The agreement in self-reported measures is 

limited and is therefore of less use for measurements on individual level in comparison 

to measures in large populations (Clark et al., 2011). Self-reported sitting has also 

showed to underestimate sitting time with about 204 minutes per day, in comparison to 

objective measurements (Gupta et al., 2017). Further, it is not possible to investigate 

detailed temporal patterns of sitting with self-reported measurements and in terms of 

breaks of sitting, a high frequency of breaks is difficult to recall (Clark et al., 2011). 

Self-reported measurements have low criterion validity (Kwak et al., 2011). Thus, it is 

necessary to use objective measurements of sitting at work (Clark et al., 2011; Kwak et 

al., 2011). 

In summary, there are limited high quality studies using objective methods to assess 

sitting patterns at work, and in different age groups. This is needed to determine 

whether older workers are a risk group for sedentary behaviour. Further, investigating 

sitting patterns in different office settings can also provide additional evidence of the 

association between age and sitting patterns. It is important to focus on working 

populations because of the need to promote health, in order to keep older people in 

work longer. 



 

5 

 

Aim 

The aim of this study was to investigate the association between age and sitting patterns 

at work (volume and temporal patterns) in different office settings. 

The study investigated three research questions: 

1. To what extent is age associated with sitting patterns at work in office workers? 

2. To what extent is the association between age and sitting patterns at work 

moderated by type of office (cell-based- or open-plan office)? 

3. To what extent is age associated with sitting patterns at work 3 months after an 

intervention changing to activity-based offices? 

Method 

Design 

This study investigated cross-sectional associations between age and objectively 

measured sitting patterns. The study was based on data collected at two separate 

occasions (i.e. baseline and follow-up measurements) in a longitudinal intervention 

study.  

Study population 

Participants in the study were office workers (n=101) from a large Swedish government 

agency, with an age distribution from 23 to 64 years. The government agency is an 

organisation with office-based professions. Five offices at different geographical sites 

were included in the study. Four were changing from cell-based offices and open-plan 

offices, to activity-based offices during a period that fitted the study. 

All workers at the included office sites received a questionnaire (see below). Workers 

were asked trough the questionnaire if they were interested to participate in the study. 

Workers announcing their interest in participating were eligible if they were employed 

at the company. Inclusion criteria were that the workers considered themselves as 

healthy and exclusion criteria was workers employed at less than 25%. Participants 

were selected trough convenience sample. To obtain an adequate sample size, it was 

considered necessary to include all eligible subjects announcing interest in participating. 
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Data were collected from totally 118 workers. Loss of participants due to missing data 

was n = 17. A flowchart over participants in the study is illustrated in Figure 1. 

Data collection 

Data were collected using questionnaires, written diaries and accelerometer 

measurements. Baseline measurements were conducted from May to October in 2015. 

Follow-up measurements were conducted during the autumn in 2016 about three 

months after the workers had moved to activity-based offices.  

Questionnaire 

A questionnaire was used at baseline to collect data on age (i.e. year of birth), gender 

(male or female), height and weight, and in which type of office (cell-based-, open plan- 

and activity-based office) the participants worked in. Body mass index (BMI) was 

computed from self-reported height and weight (weight / (length*length)). Information 

about background factors was also collected with this questionnaire to describe and 

compare participants in the study. Information about these questions is presented in 

Appendix 2. 

Written diary 

The participants used a written diary during the week while they were wearing the 

accelerometer. This was used to obtain information about time working during each 

day. The time stamps from the diary were then merged with the accelerometer records 

to obtain sitting time during working hours. Participants also used the diary to report 

deviations and additional non-wear time of the accelerometer.  

Accelerometry 

Triaxial accelerometer, model ActiGraph GT3X+ was used to objectively measure 

different sitting patterns at work. Participants wore the accelerometers on the thigh 

continuously for five to eight days. The ActiGraph GT3X+ is a validated and reliable 

method and classifies different activities (sitting, standing and walking) with high 

specificity and sensitivity (Skotte, Korshøj, Kristiansen, Hanisch, & Holtermann, 2014).  
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Data from the accelerometer were analysed by Matlab software (Acti4) to classify the 

different type of activities (sitting, standing and walking). The different activities are 

identified based on the acceleration (G) and the angle of the thigh. Specifically, sitting 

was identified when the acceleration was <0.1 G and the thigh angle was >45 degrees; 

standing was identified when the acceleration was <0.1 G and the thigh angle was <45 

degrees; and walking was identified when the acceleration was 0.1 G – 0.72 G and the 

thigh angle was <45 degrees (Skotte et al., 2014). 

Software Spike (version 7.03, Cambridge Electronic design) was used to determine time 

(in minutes) spent in the different activities during working hours. The working hours 

are based on the written diary, as mentioned above. The outcomes of the measurement 

were volume of sitting and temporal patterns of sitting. 

Sitting volume was measured through total time (minutes) spent sitting during each 

working day. Temporal patterns were measured and quantified with exposure variation 

analyses (EVA). EVA comprises a distinction of time in sitting, as separated bouts of 

duration in uninterrupted sitting time (Mathiassen & Winkel, 1991). Temporal patterns 

were expressed as accumulated sitting time in short- (<5 minutes), moderate- (≥5-30 

minutes), and prolonged (>30 minutes) uninterrupted sitting periods (minutes/working 

day). These time distinctions are based on associations with increased health risks 

(Hallman et al., 2016; Straker et al., 2014). Time sitting in shorter periods indicates 

more temporal variation of sitting behaviour. Sitting time accumulated in longer periods 

indicates that the subjects are sitting for longer time in prolonged periods. Temporal 

patterns of sitting were also measured by number of transitions from sitting to any other 

activity during a work day. The criterion for an interruption in sitting was that the new 

activity lasted at least five seconds. Time (minutes) in sitting (for total time, short-, 

moderate- and prolonged periods, as well as transitions from sitting to moving) for each 

working day were then calculated and averaged across days (minutes/day). 

The variables from the baseline measurements, short- and moderate periods of sitting, 

and transition from sitting to moving had a skewed distribution. A skewed distribution 

was also seen in short periods of sitting from the follow up measurements. Thus, these 

variables were transformed using the natural logarithm, which resulted in normal 

distributions. 
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Non-wear time of the accelerometer was examined using notes about non-wear time and 

other issues from the written diary (see above). Technical issues were detected by visual 

inspection of the accelerometer data and by an automatic procedure in the software 

Spike. This automatic procedure determined non-wear if there was no change in 

physical activity (sitting, standing and walking) for at least four hours. Non-wear 

periods were excluded from the analysis of sitting. Further, sitting time at work was 

only analysed during valid working days. The criteria’s for valid working days were 

that non-wear time was <50% of the reported working hours, and that 90% of the 

reported work time from the written diary were at the office. An average of 1.7 days 

was excluded from the measurement because of non-wear time. 

Statistical analyses 

IBM SPSS statistics 22.0 for Windows was used for statistical analyses. To investigate 

how representative the study sample with the measurements of sitting patterns was 

compared to the whole study population (i.e. those responding to the questionnaire), 

background factors were compared between the groups. For the comparison, Unpaired 

(two-sample) t-tests were performed for numerical data and Chi-square tests were 

performed for categorical data. To evaluate possible confounders, same statistical 

analyses were performed among the study sample, between those with lower and higher 

age. The strata were determined using median split to obtain two age group of 

comparable size. 

The analysis performed to answer the three research questions was multiple linear 

regression. To assess the first research question; to what extent is age associated with 

sitting patterns at work in office workers? Data from the baseline measurement were 

used. Regression models were constructed with age as the independent variable, and the 

variables reflecting the volume and temporal patterns of sitting as dependent variables. 

Each dependent variable was included in separate regression models. Age and sitting 

were treated as continuous quantitative variables. Further, the same regression models 

were done with adjustment for possible confounders (gender and BMI), included as 

covariates. The independent variables were included in the analysis in a hierarchical 

order. The first block contained gender and BMI and the second block contained 

gender, BMI and age. 
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To answer the second research question; to what extent is the association between age 

and sitting patterns at work moderated by type of office (cell-based- or open plan 

office)? Data from the baseline measurement were used. The same regression models as 

above were performed constructed with an interaction between age and office type (cell-

based office or open-plan office). To eliminate the risk of multi collinearity, 

independent variables were centered (subtracting of the mean). 

To answer the third research question; to what extent is age associated with sitting 

patterns at work 3 months after an intervention changing to activity-based offices? Data 

from the follow-up measurements were used. Only workers from office sites that had 

changed to activity-based offices were included. Workers from one office site (n=29) 

were therefore excluded in this analysis. The same regression models as for the 

assessment of the first research question were performed. 

Results of the regression analysis were presented by standardized beta coefficients (β), 

standard error (SE) and p values (p). A priori power analysis was performed (Appendix 

3) using G*power 3.0.10 to investigate if the study sample was enough to detect an 

association between age and sitting patterns at work. The power analysis indicated that 

with a sample size of 101 individuals in the analysis, there were possible to find an 

association with an effect size of 0.08, with 80% power and a significant level of 0.05. 

The power analysis was based on multiple regression analysis with one predictor and 

two covariates. 

Confounding and moderating variables 

Several factors can influence the relationship between age and sitting patterns. A 

confounding variable is an exposure that is related to both the independent variable and 

the dependent variable, without affecting the causal sequence in the relationship 

between the variables (MacKinnon & Luecken, 2008). Confounding appears in a 

analysis model when possible confounding variables are not included and a spurious 

association emerge- or a real association between to variables are missed (Petrie & 

Sabin, 2009, p. 103). A moderating variable is a unique condition which decrease or 

increase the strength- or change the direction of the relationship between two variables. 

A moderating variable do not explain why there is a relationship between exposure and 

an outcome (MacKinnon & Luecken, 2008). 
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Gender and BMI are common variables to include as covariates in the statistical models 

in research on sitting (Rhodes, Mark, & Temmel, 2012). Further, previous studies has 

shown an association between objectively measured sitting time at work and BMI 

(Gupta et al., 2016; Hadgraft et al., 2016). There is a possibility that there are more 

confounding factors. Due to limited number of subjects in the analysis, only gender and 

BMI were included in the analyse models to maintain statistical power. 

Office-type is an environmental factor that can be related to sitting patterns (Gardner et 

al., 2016). It is therefore a possibility that it can modify the association between age and 

sitting patterns.  

Ethical considerations 

The study has an ethical approval from the regional ethical review board in Uppsala, 

Sweden. Participants in the study were informed about the aim and the procedure of the 

study, and signed a written informed consent to participate in the study. This is 

important for the information requirement and consent requirement that is present in 

research on humans. The confidentiality obligations are also considered, the identities of 

the persons were changed into a code to ensure that the participants in the study were 

anonymous. The results from the study are only used in scientific purposes (Bryman & 

Nilsson, 2011, pp. 131–132). 

During the data collection, some additional ethical considerations were done. The 

written information about the study and measurement procedure emphasized that the 

participation was voluntarily and the participation could be interrupted at any moment. 

Further, during the data collection, the application procedure of the accelerometer can 

be sensitive for the person that participates. The participants therefore received clear 

written and verbal information about the procedure. It was also ensured that there was 

no insight in the room where the application of the accelerometer was carried out. 
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Literature review 

The aim of the literature review was to compile existing studies investigating the 

relation between sitting patterns and age in office workers. Databases used for the 

literature search was Web of science and Science direct. The literature search was 

compiled in October 2016. In Table 1, keywords for the final search string are 

presented. The search string was formulated based on the PICO-model (Mayo, Asano, 

& Barbic, 2013). Keywords in each row is combined with the Boolean operator OR. 

The search strings between each row are combined with the Boolean operator AND 

(Table 1). The exclusion- and inclusion criteria for relevance screening of studies are 

presented in Table 2. 

Four articles from the systematic search and one relevant article known since earlier 

were included in a quality screening. Issues concerning quality assessment were; type of 

study design, sample procedure, if objective measurement instrument had been used, 

validity and reliability of measurement instruments, response rate, adequacy of 

statistical analysis, and if possible confounding variables were taken in account. Further 

information about search strategy and article matrix of included articles can be found in 

Appendix 3. 

 

Table 1 Keywords in literature search 

Worker* 

Age 

“office work”, “workplace sitting”, “occupational sitting”, “sitting at work”, “office-based 

workplace”, “occupational physical activity”, “sedentary work” 

“sitting pattern*”, “activity pattern*”, “temporal pattern*”, “activity levels*”, “sitting levels*”, 

“sedentary pattern*”, “prolonged sitting”, “breaks in sitting”, “sitting time”, “sedentary time”, 

“physical activity”, “time pattern*” 

Table 2 Exclusion- and inclusion criteria’s for including articles in the literature review 

Exclusion criteria’s Studies using a qualitative method 

Inclusion criteria’s Dependent variable: patterns of movementᵃ 

Peer-reviewed scientific articles 

Independent variable: age 

Language: English 

Office-based work 

ᵃ Not for example muscle activity, energy expenditure, aerobic strain and physical 

workload 
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Result 

Participants 

 

Figure 1. Flowchart over participants in the study 

Representiveness of the study sample 

There were relatively minor differences in background factors between the study sample 

and the whole study population. However, statistical analyses indicated that there were 

significant differences in age (p<0.05). The average age in the study sample was 47 

years and the average age in the whole study population was 49 years. No significant 

differences were seen for other background factors (p>0.05). 

Characteristics of the study sample 

Age differences 

There was no clear difference concerning most of the background factors between 

younger and older workers in the study sample. Some small, but significant differences 

appeared for managing position, education level and BMI (p<0.05). Older workers seem 

to have more managing positions, lower education level, and higher BMI than younger 

workers. Descriptive statistics are presented in Table 3. 
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Table 3 Baseline characteristics of the study sample, stratified by lower- and higher age. 

 Age categories 

 Lower age (26-47 years) Higher age (48-66 years) All 

Background information    

Participants, n (%) 52 (51.5) 49 (48.5) 101 

Age, mean (SD) 40 (6.0) 54 (4.4) 47 (8.7) 

Gender    

   Females, n (%) 28 (53.8) 22 (44.9) 50 (49.5) 

   Males, n (%) 24 (46.2) 27 (55.1) 51 (50.5) 

Body mass index, mean (SD) 24.6 (4.4) 26.2 (4.3) 25.4 (4.3) 

Tobacco use 

   Users, n (%) 

   None users, n (%) 

 

7 (13.5) 

45 (86.5) 

 

4 (8.2) 

45 (91.8) 

 

11 (10.9) 

90 (89.1) 

Education level 

   Elementary school, n (%) 

   High school, n (%) 

   Vocational education, n 

   (%) 

   College/university, n (%) 

 

0 (0) 

9 (17.3) 

2 (3.8) 

 

41 (78.8) 

 

1 (2) 

21 (42.9) 

4 (8.2) 

 

23 (46.9) 

 

1 (1) 

30 (29.7) 

6 (5.9) 

 

64 (63.4) 

Manager or leader 

   Yes, n (%) 

   No, n (%) 

 

5 (9.6) 

47 (90.4) 

 

13 (26.5) 

36 (73.5) 

 

18 (17.8) 

83 (82.2) 

Employment status    

   Employed until further  

   notice, n (%)      

   Work time 100 %, n (%) 

52 (100) 

 

51 (98.1) 

47 (95.9) 

 

47 (95.9) 

99 (98) 

 

98 (97) 

Office-type    

   Cell-based office, n (%) 28 (54.9) 31 (63.3) 59 (59) 

   Open-plan office, n (%) 

   Activity-based office, n (%) 

23 (45.1) 

22 (44.0) 

18 (36.7) 

28 (56.0) 

41 (41) 

50 (100) 

Sitting patterns at work  

Sitting bouts (minutes), mean 

(SD) 

   

   Short periodsᵃ 16.8 (7.5) 14.7 (7,9) 15.8 (7.7) 

   Moderate periodsᵇ 121.3 (45.6) 116.7 (45,8) 119.1 (45.5) 

   Prolonged periodsᶜ 187.4 (85,1) 192.7 (103,6) 189.9 (93.8) 

Total time sitting (minutes), 

mean (SD) 

325.5 (87.5) 324.0 (113.7) 325.8 (98.5) 

Transitions (number of times), 

mean (SD) 

24.0 (7.6) 22.5 (7.7) 23.3 (7.7) 

ᵃ < 5 minutes, ᵇ 5 – 30 minutes, ᶜ > 30 minutes 
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Descriptive information about sitting time at work 

Sitting time at work in the study sample was on average 5.43 hours each working day. 

Sitting time was accumulated mostly in prolonged sitting periods (3.17 hours) and to 

less extent in moderate periods (2 hours) and short periods (0.16 hours). One working 

day consisted on average of 23 transitions from sitting to moving in the population 

(Table 3). 

Age and sitting patterns 

Age was negatively associated with total time sitting at work, that is, total time sitting 

decreased with higher age (Table 4). This association was however far from significant 

(p>0.05). Age showed a negative association with time in short periods of sitting. This 

association was significant in both the unadjusted and adjusted models (p<0.05). 

Negative estimates of the association between age and sitting time were also found for 

moderate periods of sitting and transitions from sitting to moving (Table 4). These 

associations did not reach significant (p>0.05). Similar estimates were found in the 

adjusted models, although closer to significant for moderate periods and less significant 

for transitions from sitting to moving. Positive, but not significant, estimates were found 

for prolonged periods of sitting in both crude and adjusted models (p>0.05) (Table 4). 

An illustration on the direction of the associations is seen in Figure 2. 

 

 

 

 

 

 

Table 4 Linear regression analysis for age (years) and sitting patterns (minutes /day). 

  N β SE p 

 Un adjusted models     

    Total time sitting 96 -0.32 1.2 .758 

    Short periods 94 -0.70 0.01 .009 

    Moderate periods 96 -0.15 0.01 .142 

    Prolonged periods 96 0.05 1.15 .622 

    Transitions 96 -0.16 0.00 .122 

 Adjusted modelsᵃ     

    Total time sitting 96 -0.08 1.27 .474 

    Short periods 94 -0.29 0.01 .007 

    Moderate periods 96 -0.20 0.01 .070 

    Prolonged periods 96 0.03 1.20 .797 

    Transitions 96 -0.12 -0.00 .258 

 Note: N = number, β = beta, SE = standard error, p = significant value 

ᵃ Adjusted for gender and BMI 
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Figure 2. Association between sitting time at work (min/day) and age (years) for total 

sitting time, short (<5 min), moderate (≥5-30 min) and prolonged periods (>30 min), 

and the number of transitions from sitting to moving. 
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Age and sitting patterns modified by office-type 

As indicated in Table 5, office type (i.e. cell-based office or open-plan office) did not 

modify the relationship between age and sitting patterns. No significant results were 

found for any of the sitting variables (p>0.05). 

 

 

 

 

 

 

 

 

 

 

 

Age and sitting patterns in activity-based offices 

In activity based offices none of the sitting variables was significant associated with age 

(p>0.05). Age was still negatively associated with short periods of sitting, and this 

association was closer to significant than the rest of the sitting variables (Table 6). 

Table 5 Linear regression analysis for moderation effects of office-type (i.e. cell-based 

office and open-plan office) on the associations between age (years) and sitting patterns 

(minutes /day) 

  N β SE p 

 Un adjusted models     

    Total time sitting 95 0.14 2.47 .205 

    Short periods 94 -0.10 0.01 .359 

    Moderate periods 95 -0.03 0.01 .798 

    Prolonged periods 95 0.14 2.30 .189 

    Transitions 95 -0.10 0.01 .348 

 Adjusted modelsᵃ     

    Total time sitting 95 0.13 2.44 .210 

    Short periods 94 -0.10 0.01 .352 

    Moderate periods 95 -0.03 0.01 .790 

    Prolonged periods 95 0.14 2.30 .196 

    Transitions 95 -0.10 0.01 .343 

 Note: Estimates are based on the interaction between office-type and age. N = 

number, β = beta, SE = standard error, p = significant value. 

ᵃ Adjusted for gender and BMI 
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Discussion 

Main results 

This study investigated the extent to which age was associated with objectively 

measured sitting patterns at work. No associations were found for total time sitting (e.g. 

volume of sitting) at work. When examining temporal patterns of sitting, significant 

associations were found for age and sitting time accumulated in short periods at work. 

No association were found for sitting in moderate and prolonged periods, or the number 

of transitions from sitting to moving. This study also aimed to determine whether 

office-type (i.e. cell-based office and open-plan office) modifies the association between 

age and sitting patterns at work. Results from this examination were that office-type did 

not modify the association between age and sitting patterns at work. Finally, this study 

investigated the extent to which age was associated with sitting patterns at work after a 

change to activity-based offices. No significant association was found between age and 

sitting patterns in activity-based offices. The estimates for short periods of sitting were 

nevertheless in agreement with the primary models. 

Table 6 Linear regression analysis for age (years) and sitting patterns (minutes /day) in 

activity based offices. 

  N β SE p 

 Un adjusted models     

    Total time sitting 50 -0.04 1.35 .788 

    Short periods 50 -0.22 0.01 .121 

    Moderate periods 50 0.03 0.07 .841 

    Prolonged periods 50 -0.03 1.59 .865 

    Transitions 50 -0.01 0.01 .929 

 Adjusted modelsᵃ     

    Total time sitting 47 -0.10 1.54 .560 

    Short periods 47 -0.22 0.01 .173 

    Moderate periods 47 -0.09 0.74 .561 

    Prolonged periods 47 -0.02 1.83 .907 

    Transitions 47 -0.06 0.01 .694 

 Note: In un adjusted models, participants with missing BMI values are included. 

N = number, β = beta, SE = standard error, p = significant value. 

ᵃ Adjusted for gender and BMI 
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Interpretation of results 

Results from all the analyses indicate a weak- or no association between age and sitting 

patterns at work. This is in line with previous research, where no association between 

age and objectively measured sitting patterns at work have been reported (Hadgraft et 

al., 2016; Wick et al., 2016). In contrast, the weak or non-existing associations from this 

study do not correspond with previous studies with self-reported sitting time at work, 

where associations between age and sitting patterns at work has been found (De Cocker 

et al., 2014; Duncan et al., 2015; Mummery et al., 2005). A possible explanation is that 

according to previous research, self-reported sitting time do not correspond with 

objectively measured sitting time (Balogh et al., 2004; Wick et al., 2016). Objectively 

measurements are more accurate then self-reported measurements to examine sitting 

patterns (Kwak et al., 2011). Thus, these results contribute to a corresponding view of 

the association between age and sitting patterns in accordance with previous research 

that has investigated sitting patterns with accurate measurements. Possible explanations 

for a weak- or no association between age and sitting patterns at work could be that 

other factors have a greater influence, such as BMI (Gupta et al., 2016; Hadgraft et al., 

2016) and organisational tenure (Hadgraft et al., 2016). 

The negative association between age and short periods of sitting in this study indicate 

that higher age is associated with decreased sitting time in short periods at work, as 

illustrated in Figure 2. No previous studies (that was found in the literature search) have 

examined an association between age and short periods of sitting at work. Gender and 

BMI did not have any influence on the association, nor did the modification of office 

type (i.e. cell-based office and open-plan office). Results from the activity-based offices 

were also in accordance with this association. This increases the support that sitting 

time in short periods at work can be said to decrease with age. Further, this could imply 

that variation in sitting time at work decrease with ageing, and less variation in sitting 

time is associated with increased health risks (Hallman et al., 2016; Straker et al., 2014). 

Thoughts about reasons for this association is that ageing is related to decreased 

physical function (Morley et al., 2001), chronic diseases, muscle- and joint problems 

(Östlund, 2012), and general fatigue (Zengarini et al., 2015). This could be possible 

explanations, but there is no current evidence in previous research. 
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Different concepts of office-types, such as cell-based office, open-plan office and 

activity-based office can differently contribute to office workers options to choose 

where and how to work (Danielsson, B, 2009; Wohlers & Hertel, 2017). Additionally, 

this could contribute to variation in sitting patterns, and possible differences in sitting 

patterns between younger and older workers could appear. 

In this study, office-type (i.e. cell-based office and open-plan office) did not modify the 

association between age and sitting patterns at work. Also, changing to activity-based 

offices did not indicate any other associations between age and sitting patterns in 

relation to the primary results. This is especially visible for the tendency towards a 

negative association between age and short periods of sitting (Table 6). There were 

fewer subjects in the analysis of activity-based offices, and therefore lower power to 

discover a weak association. Interpretation of these results is that the association 

between age and sitting patterns at work are not influenced by office-type. 

Considering characteristics between younger and older workers in this study, the groups 

were in general homogenous. There were some differences, such as older workers 

having slightly higher BMI. BMI were however adjusted for in the analyses. There were 

some minor differences in education level (younger workers having higher educations) 

and managing positions (older workers having more managing positions). Higher 

education level has been associated to less sedentary behaviour (Rhodes et al., 2012) 

and higher physical activity (Engström & Engström, 2014) in leisure. Thus, there could 

be an over estimation of the associations in this study. On the other hand, there are no 

evidence in previous research that education level could influence sitting patterns at 

work (van Uffelen et al., 2010). Regarding managing position, managers or leaders have 

other work tasks than subordinates (Yukl, 2013, pp. 40–42).Thus, there is a possibility 

that managers have different sitting patterns. Considering that older workers have more 

managing positions the associations in this study can be under- or overestimated. In 

summary, as mentioned above, the differences were relatively small and are considered 

not to have any prominent influence on the results in the current study. 
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Strengths of the study 

This study measured sitting patterns with validated and reliable objective 

measurements, which strengthens the results of the current study. In previous research, 

self-reported measures of sitting time are more frequently used. Further, few studies 

have objectively investigated the relationship between age and sitting patterns at work. 

Even fewer studies have investigated different sitting patterns, especially, short- and 

moderate periods of sitting and transition from sitting to moving. This is important 

because of the emerging research indicating that the effects of sitting on health depend 

on how sitting is distributed over time (Ryan et al., 2011).  

Also, this study had a unique opportunity to investigate the relationship between age 

and sitting patterns at work in different office settings (cell-based-, open-plan- and 

activity-based offices). This is relevant because worksite interventions are common in 

attempt to change employees’ physical activity patterns (Källestål, Bjurvald, & Statens 

Folkhälsoinstitut, 2004, pp. 33–35). Activity-based offices are also especially 

interesting to account for because they are a part of the new way of working (Brunia, De 

Been, & van der Voordt, 2016). Further, the activity-based offices differ from 

conventional offices, for example, employees do not have their own workstation and 

they have the opportunity to choose different work stations during a day (Wohlers & 

Hertel, 2017). This could entail more variation in activities at work. Thus, activity-

based offices are an interesting office concept that could promote increased variation in 

sitting which is related to beneficial health outcomes, as mentioned above. 

Even though the selection of participants in this study was not randomised, 

comprehensive information about background factors enabled assessment of how 

representative the study sample is. Also, the questionnaire provided useful information 

about the characteristics of the study sample. Thus, it was possible to evaluate how the 

results from the present study can be generalized to the entire population (i.e. all 

employees within the studied office sites). Also, it enabled an evaluation of other 

possible confounders apart from those controlled for in the regression models. 
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Implications 

Overall, age does not seem to be associated with sitting at work in the current study. It 

is on the other hand interesting that age seems to be associated with sitting time 

accumulated in short uninterrupted periods of sitting at work, and that the direction of 

the association is negative. These results imply that variation in sitting patterns at work 

may decrease with age. Thus, these results are considered important to account for 

regarding current health recommendations (Ryan et al., 2011) and that it could be of 

greater importance to promote increased variation in sitting time for older workers 

(Toomingas et al., 2008). 

Further, results from the present study imply that it is not only important to investigate 

volume of sitting time at work, it is also important to examine the temporal sitting 

patterns. Findings in this study also indicate that the association between age and sitting 

patterns do not emerge or change depending on office-type. Despite the opportunity to 

the extent which variation in sitting at work is enabled by the office type, it does not 

seem to have any important influence on possible associations between age and sitting 

patters at work. 

Limitations and additional research 

A too small sample size could explain some of the non-significant results in the study. 

The effect size was slightly smaller than calculated, due to some excluded subjects in 

the analysis. A too small sample size was particularly seen in the moderation analysis 

and among those with activity-based offices. The analysis of associations between age 

and sitting patterns in activity-based offices was only conducted on data from 50 

workers. This could explain the lack of significant findings due to limited statistical 

power (Petrie & Sabin, 2009, p. 52). Further, the association between age and short 

periods of sitting at work among those with activity-based offices was in line with the 

primary results. Therefore it is a risk of type 2 error in these analyses. 

Participants in the study were selected trough convenience sampling. This can entail a 

risk that the generalizability of the results is limited (Bryman & Nilsson, 2011, p. 194). 

However, it was considered necessary to include all eligible subjects to have an 

adequate sample size in order to be able to find a real association, if it exists. 
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One approach to assess the generalizability of the result was to compare included 

participants (age, gender etc.) with the rest of the workers at the office sites. This was 

possible because of available data on background factors. The two groups were equal in 

all the characteristics presented in this study, except for age. The difference in age was 

relatively small. However, it could entail a possible systematically selection error, 

which implies that the study sample do not entirely represent the studied population. 

Beyond this, the participants are considered as a good representation of the workers 

from the office sites. When convenience sampling is performed to select participants it 

is not possible to ensure a fully representative study sample (Bryman & Nilsson, 2011, 

p. 194).Therefore, results from this study are not entirely possible to generalize to all 

workers from the office sites in this study, and other populations similar to the study 

sample. 

Future research should preferable use larger sample size and randomised selection of 

participants when investigating associations of age and sitting patterns at work. This is 

necessary to confirm relationships between age and sitting patterns, especially for 

different bouts of sitting time, not only volume of sitting and prolonged sitting periods. 

It would also be interesting to further evaluate if higher age is related to a decrease in 

short periods of sitting, as indicated in the present study. In terms of the association 

between age and sitting patterns in different office settings, future research should 

include comparisons of changing from one office type to another. This could elucidate 

possible differences in aspects related to sitting patterns between different concepts of 

office types. 
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Conclusion 

Results from the present study indicate weak association between age and sitting 

patterns (volume- and temporal patterns) at work. Regarding temporal patterns of 

sitting, a negative association were found between age and short periods of sitting at 

work, adjusted for gender and BMI. This indicates that time in short periods of sitting 

decrease with higher age. Further, the present study examined that office type (i.e. cell-

based office and open-plan office) do not modify the association between age and 

sitting patterns at work. Also, no other associations between age and sitting patterns 

after a change to activity-based offices were found. Practical implications of the 

findings are the importance of taking the variation of sitting patterns in consideration in 

research of sitting time at work. Also, it is possible that ageing could entail a decreased 

variation of sitting at work, and decreased variation in sitting is related to increased 

health risks. 
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Appendix 1 

Additional information about search strategy and article matrix from literature review  

To formulate a good search string, some modifications were done during test searches to get more relevant search hits. These test searches was for especially 

done by combining P = worker with different- and different amount of keywords concerning different word terms of O = sitting. With the final search string, the 

the literature search resulted in 71 identified articles in Web of science and in 19 identified articles in Science direct. The first screening for relevant articles was 

done by going through the title and abstract which led to 15 relevant articles in Web of science and eight relevant articles in Science direct. Out of these articles, 

five were doublets. The second screening for relevant articles was done by going through the full text of a total of 18 articles. In the article matrix (Table 7) five 

articles that finally went through the quality screening are presented.  

Table 7. Article matrix 

Authors Publi-

shed 

Title Population Method Results Quality  

Katharina 

Wick et al. 

2016 Deviation between self-reported and 

measured occupational physical 

activity levels in office employees: 

effects of age and body composition 

Response rate 47.5 %. 

After inclusion and 

exclusion criteria´s 

participants n = 38. 18 – 

65 years of age 

Accelerometers Actigraph 

wGT3X-BT and occupational 

sitting and physical activity 

questionnaire (OSPAQ). 

Older (>39 years of age) stand more than younger (<39 years of 

age), no information about significant. The focus of the study is 

comparison between subjectively and objectively measured 

data. (Age >39 = Self-reported about 14 %, objective measures 

about 22 – 23 %. Age <39 = Self-reported about 12 – 13 % and 

objective measures about 14 %) 

High 

Mitch J 

Duncan et 

al 

2015 Identifying correlates of breaks in 

occupational sitting: a cross sectional 

study 

Response rate 11.6 %. 

After exclusion- and 

inclusion criteria´s 

participants n = 2864. 

Median age 47 years  

Questionnaire for sitting 

behaviour,  

Age had a significant positive association with breaks in sitting.  

(Private enclosed office: B = 1.01 CI = 1.01-1.02 p < 0.001. 

Shared office: B = 1.00 CI = 1.00-1.01, p = 0.041. Open plan 

office: B =  1.01 CI = 1.01-1.01, p < 0.001 

Low 



 

 

Katrin De 

Cocker et 

al 

2014 Understanding occupational sitting: 

Prevalence, correlates and 

moderating effects in Australian 

employees 

Response rate = 46.9 %. 

After exclusion- and 

inclusion criteria´s 

participants n = 993. 18 

– 80 years 

The workforce sitting 

questionnaire (WSQ) 

More sitting was associated with being younger. (B = −0.043, 

SE = 0.016, CI = −0.075, −0.011, p ≤ 0.010) 

Middle 

W Kerry 

Mummery 

et al 

2005 Occupational sitting time and 

overweight and obesity in Australian 

workers 

Response rate = 44 %. 

After exclusion- and 

inclusion criteria´s 

participants n = 1579. 18 

- >50 years 

Computer-assisted telephone-

interview (CATI) 

A tendency for the amount of occupational sitting time to 

increase with age.  (p < 0.001), 18 – 30 years (165.7 minutes, 

SD = 185.7), 31 – 40 years (216.7 minutes, SD = 177.1), 41 – 

50 years (239.5 minutes, SD =186.7), ≥50 years (215.4 

minutes, SD = 180.9) 

Low 

Nyssa T 

Hadgraft 

et al. 

2016 Office workers’ objectively assessed 

total and prolonged sitting time: 

individual-level correlates and 

worksite variations 

Response rate: Unclear. 

Participants n = 231. 

Age 18 – 65 years 

Objectively measured sitting time 

and moderate-vigorous physical 

activity by activePAL3 and 

Actigraph GT3X activity monitor 

Age was not correlated with more sitting. total sitting time (b = 

0.34, CI = −0.28 - 0.96, p>0.05) and prolonged sitting bouts 

(≥30 min bouts) (b = 0.86, CI = −0.44 - 2.17, p>0.05) 

High 
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Power analysis 



 

 

 


