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a b s t r a c t
Our objective was to describe patterns and predictors of sedentary behavior (sitting time) over 10 years among a
large Canadian cohort. Data are from the Canadian Multicentre Osteoporosis Study, a prospective study of
women and men randomly selected from the general population. Respondents reported socio-demographics,
lifestyle behaviors and health outcomes in interviewer-administered questionnaires; weight and height were
measured. Baseline data were collected between 1995 and 1997 (n = 9418; participation rate = 42%), and at
5- (n = 7648) and 10-year follow-ups (n = 5567). Total sitting time was summed across domain-speciﬁc questions at three time points and dichotomized into “low” (≤7 h/day) and “high” (N7 h/day), based on recent metaanalytic evidence on time sitting and all-cause mortality. Ten-year sitting patterns were classiﬁed as “consistently
high”, “consistently low”, “increased”, “decreased”, and “mixed”. Predictors of sedentary behavior patterns were
explored using chi-square tests, ANOVA and logistic regression. At baseline (mean age = 62.1 years ± 13.4) average sitting was 6.9 h/day; it was 7.0 at 5- and 10-year follow-ups (p for trend = 0.12). Overall 23% reported
consistently high sitting time, 22% consistently low sitting, 14% decreased sitting, 17% increased sitting with
24% mixed patterns. Consistently high sitters were more likely to be men, university educated, full-time
employed, obese, and to report consistently low physical activity levels. This is one of the ﬁrst populationbased studies to explore patterns of sedentary behavior (multi-domain sitting) within men and women over
years. Risk classiﬁcation of sitting among many adults changed during follow-up. Thus, studies of sitting and
health would beneﬁt from multiple measures of sitting over time.
© 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Research suggests that greater time spent in sedentary behavior (activities in a sitting or reclining posture requiring low energy expenditure) (Owen, 2012; Sedentary Behaviour Research Network, 2012), is
associated with higher risk of type 2 diabetes, cardiovascular disease,
and all-cause mortality (Biswas et al., 2015; Ekelund et al., 2016). Evidence suggests that the prevalence of sedentary behavior has increased,
while physical activity has decreased in daily life, at work and outside of
work; sedentary behavior is predicted to continue on these trajectories
(Ng and Popkin, 2012).
⁎ Corresponding author.
E-mail address: jerilynn.prior@ubc.ca (J.C. Prior).
URL: http://www.cemcor.ca (J.C. Prior).

For targeted interventions it is important to identify those people
with consistently high or low levels of sitting time; that is high and
low risk groups, respectively. Using data from time use surveys, repeated cross-sectional studies have examined trends in sitting time. Chau et
al. (2012) reported a slight increase in overall non-occupational sedentary behavior in Australian adults between 1997 and 2006 and van der
Ploeg et al. (2013) found that between 1975 and 2005 in the Dutch adult
population the proportion of non-work related time spent sitting
remained relatively constant. Both studies found that the percentage
of sedentary leisure time spent with screen based activities increased
signiﬁcantly. Using data from the Eurobarometer study, Milton et al.
(2015) reported a decrease in the prevalence of prolonged sitting
(deﬁned as ≥ 7.5 h/day) over three time points between 2002 and
2013 for 17 countries. For another 10 countries they had data for two
time points (2005 and 2013) that showed the same trend. Systematic

http://dx.doi.org/10.1016/j.pmedr.2017.01.015
2211-3355/© 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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reviews of correlates of sitting time found a positive relationship with
age, body mass index, socio-economic status and smoking, an inverse
relationship with physical activity and mixed results for neighborhood
walkability and safety (O'Donoghue et al., 2016; Rhodes et al., 2012).
Nonetheless, to the best of our knowledge, only four large population-based cohort studies have examined patterns of sedentary behavior within individuals over time. An Australian cohort study examined
effects of life events on sitting patterns in women in two age groups:
work changes were related to increased, but retirement to decreased
sitting in mid-aged women. For young women, return to work was related to increased sitting; having a baby, beginning work and decreased
income were associated with decreased sitting (Clark et al., 2014). A
Spanish cohort of older adults with two years of follow-up found that
compared with consistently sedentary participants, those who were
consistently non-sedentary were younger, more physically active, had
a lower BMI, and had less chronic diseases (León-Muñoz et al., 2013).
In post-menopausal women in the USA, those who maintained high
levels of sitting or increased sitting over six years were more likely to
be white, current smokers, and employed relative to those with consistently low or decreased sitting time (Lee et al., 2016). The Norwegian
HUNT study found that adults with consistently high sitting time over
11 years tended to be middle-aged and men, university-educated,
overweight or obese, do “light exercise” at least 1 h/week, do “hard
exercise” up to 2 h/week, and have “good” or “very good” general health
(Grunseit et al., 2017).
Using data from a large Canadian population cohort of women and
men, this study examines 10-year patterns and predictors of sedentary
behavior in adults over three time points as opposed to only two time
points like in the four cohort studies mentioned above. This is a unique,
Canada-wide, prospective 20-year population-based study of adult
women and men whose primary purpose was to determine risks for osteoporotic fracture.

2. Methods
2.1. Participants
Data were from the Canadian Multicentre Osteoporosis Study
(CaMos), a cohort study of non-institutionalized adults (2/3 women)
aged 25 years and above, randomly selected from the general population living within 50 km of nine Canadian cities. Methods were previously published (Kreiger et al., 1999). Brieﬂy, participants reported
their socio-demographic information, lifestyle behaviors and disease
history using interviewer administered questionnaires. Sitting information was available in 9418 participants at baseline (1995–1997), in
7648 participants at year 5 follow-up (2000–2002) and in 5567 participants at year 10 follow-up (2005–2007) (Fig. 1). CaMos was granted
ethical approval by McGill University and each local institution. All participants provided signed informed consent.

2.2. Measures
2.2.1. Independent variables
Participants reported their date of birth, sex, ethnicity, education,
employment, smoking, physical activity, sleep and self-rated health at
baseline; height and weight were measured. Created time-dependent
variables included employment status categorized as “continuously
working”, “continuously retired”, “retired during follow-up”; BMI
rated “consistently non-obese”, “obese to non-obese”, “non-obese
to obese”, and “could not be classiﬁed”; self-rated health was classed
as “good to excellent”, “consistently fair/poor”, “increasing”, and
“decreasing”. Physical activity was classed as “consistently high”
(≥ 7 h/week of moderate-to-vigorous physical activity), “consistently
low” (b 7 h/week), “increasing”, and “decreasing”.

Fig. 1. Selecting the analytical sample, Canadian Multicentre Osteoporosis Study (CaMos), Canada, 1995–2007.

K. Gebel et al. / Preventive Medicine Reports 5 (2017) 289–294

2.2.2. Dependent variables
Sedentary behavior was assessed at baseline, and years 5 and 10,
using questions about time spent sitting in transit (car, bus etc.), at
work, watching television, at meals, and in other sitting activities such
as reading, playing cards and sewing. Response options were “never”,
“b 1 h”, “1–2”, “3–4”, “5–6”, “7–10”, and “11 h or more”. We took the
mid-point of each possible response range (Armitage et al., 2001) and
summed speciﬁc sitting times into overall sitting time. We then dichotomized overall sitting time into “high (N7 h)” and “low (≤7 h)” based on
recent meta-analytical evidence on the risk threshold for sitting time
and all-cause mortality (Chau et al., 2013). The mean age at baseline
of our analytical sample was 58.8 years, so a large proportion of our
study participants transitioned into retirement during the 10-year follow-up. Therefore, we think it is particularly informative to examine
total sitting time including work-related sedentary behavior because it
captures the change in occupational, respectively total sitting, as a result
of changes in employment status.
To capture patterns of sitting over time, we categorized participants
into ﬁve mutually exclusive groups: 1) “consistently low” sitting (low
sitting time at all three time points), 2) “consistently high” (high sitting
time at all three time points), 3) “increasing” (low sitting time at the
ﬁrst 1–2 time points, high sitting time at the last 1–2 time points, indicating an increase), 4) “decreasing” (high sitting time at the ﬁrst 1–2
time points, low sitting time at the last 1–2 time points, indicating a decrease, and 5) “no clear pattern” over time.
2.3. Statistical analysis
We compared the characteristics of participants categorized into the
ﬁve sitting groups using chi-square tests and Analysis of Variance
(ANOVA). We used binary logistic regression to examine correlates of
“consistently high” and “consistently low” sitting, the least and most
healthy patterns of sitting, respectively.
3. Results
At baseline, 9418 respondents had available sitting information
(mean age = 62.1 ± 13.4 years, 69% women) (Table 1). Of those,
7645 (81.2%) and 5567 (59.1%) provided data for 5 and 10-year follow-up measurements, respectively.
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After excluding those with missing data for covariates, the average
total sitting time for the analytical sample with ten-year follow-up
data (n = 5406) was 6.96 (SD = 2.8) hours/day at baseline, 7.00
(SD = 2.7) hours/day at year 5 and 7.02 (SD = 2.7) hours/day at year
10 (p for trend = 0.12). At each of the three times, around half of the respondents were classiﬁed as ‘high sitters’ (i.e. ≥ 7 h of sitting per day
[49% at baseline, 50.3% at year 5 and 51.5% at year 10]). Across the
three times, 23% reported consistently high sitting time, 22% consistently low sitting time, 14% decreased sitting, 17% increased sitting, and 24%
had mixed patterns.
3.1. Consistently high sitting levels
Multivariate models using baseline values of predictors (Table 2)
showed that those with consistently high sitting time over ten years
were more likely to be men, university educated, full-time employed,
obese, have low physical activity levels, and fair or poor self-rated
health. Baseline age, smoking and sleep were not associated with
being a consistently high sitter.
In multivariate models based on change in predictors across the
three times (Table 3), the odds of being a consistently high sitter were
greater among men, those with university education; those consistently
employed; those with consistently low or increasing activity levels; and
among ‘obese to non-obese’ and ‘consistently obese’ categories. Similar
to the models involving only baseline predictor values, age, smoking
and sleep were not associated with the odds of being a consistently
high sitter.
3.2. Consistently low sitting levels
By baseline predictors (Table 2) the likelihood of being a consistently
low sitter was signiﬁcantly greater among younger adults, women, high
school vs. university educated, part-time, retired or others compared to
full-time employed, previous or never smokers, high physical activity
levels, and those with a healthy BMI. Baseline sleep and self-rated health
were not associated with having consistently low sitting time over the
10-year period.
Ten-year changes in predictors showed that consistently low sitters
were more likely to be younger, women, high school vs. university educated; continuously retired or other occupation vs. being consistently

Table 1
Participant characteristics, Canadian Multicentre Osteoporosis Study (CaMos), Canada, 1995–2007.

Age (years)
Sex
Education

Employment status

Smoking status
Physical activity (at all levels)
Sedentary behavior
Sleep

BMI

Self-rated general health

Mean ± SD
Women
School (high school at most)
Trade or at least some university
University degree
Employed full time
Employed part time
Retired
Other
Currently smokes
Low (b7 h/week)
High (≥7 h/week)
Low (b7 h/day)
High (≥7 h/day)
6 h or less
7–8 h
9 h or more
Underweight
Healthy weight
Overweight
Obese
Good, very good, or excellent
Fair or poor

Total baseline sample
(N = 9418)

Analytical sample
(N = 5406)

Not in analytical sample
(N = 4012)

p-Value

62.1 ± 13.4
6536 (69.4%)
4855 (51.6%)
3044 (32.3%)
1518 (16.1%)
2254 (23.9%)
746 (7.9%)
4263 (45.3%)
2151 (22.9%)
1466 (15.6%)
3073 (32.6%)
6345 (67.4%)
4780 (50.8%)
4638 (49.3%)
2713 (28.8%)
5686 (60.4%)
1013 (10.8%)
147 (1.2%)
3231 (35.3%)
3719 (40.7%)
2045 (22.4%)
8373 (89%)
1035 (11%)

58.8 ± 12
3891 (72%)
2496 (46.2%)
1885 (34.9%)
1025 (19%)
1621 (30%)
546 (10.1%)
2074 (38.4%)
1165 (21.6%)
762 (14.1%)
1523 (28.2%)
3883 (71.8%)
2755 (51%)
2651 (49%)
1451 (26.8%)
3500 (64.7%)
455 (8.42%)
52 (1%)
1914 (35.4%)
2221 (41.1%)
1219 (22.6%)
5030 (93%)
376 (6.96%)

66.5 ± 14
2645 (65.9%)
2359 (58.8%)
1159 (28.9%)
493 (12.3%)
633 (15.8%)
200 (5%)
2189 (54.6%)
986 (24.6%)
753 (18.8%)
1550 (38.6%)
2462 (61.4%)
2025 (50.5%)
1987 (49.5%)
1262 (31.5%)
2186 (54.6%)
558 (13.9%)
95 (2.5%)
1317 (35.3%)
1498 (40.1%)
826 (22.1%)
3343 (83.5%)
659 (16.5%)

b0.0001
b0.0001
b0.0001

Including baseline characteristics of all covariates in the full model and total sitting.

b0.0001

b0.0001
b0.0001
0.639
b0.0001

b0.0001

b0.0001
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Table 2
Predictors of consistently high/low sitters (baseline predictors only), Canadian Multicentre Osteoporosis Study (CaMos), Canada, 1995–2007.
Predictor

Category

Sitting category
Consistently low

Age (years)b
Sex
Education

Employment

Smoking

Physical activity
Sleep

BMI

Self-rated general health

Men (ref)
Women
High school (ref)
Trade
University
Full-time (ref)
Part-time
Retired
Other
Current (ref)
Previous
Never
High (ref)
Low
≤6 h
7–8 h (ref)
≥9 h
Underweight
Healthy (ref)
Overweight
Obese
Good to excellent (ref)
Fair to poor

Consistently high
Multivariatea

Univariate

Multivariatea

Univariate

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

1.00
1.00
1.45⁎⁎⁎
1.00
1.00
0.84
1.00
1.91⁎⁎⁎
1.60⁎⁎⁎
1.73⁎⁎⁎

0.99–1.00

0.98⁎⁎⁎
1.00
1.25⁎⁎

0.97–0.99

0.98⁎⁎⁎
1.00
0.56⁎⁎⁎

0.97–0.98

1.00
1.00
0.71⁎⁎⁎
1.00
0.95
1.27⁎⁎
1.00
0.52⁎⁎⁎
0.46⁎⁎⁎
0.44⁎⁎⁎

0.99–1.00

1.00
1.26⁎
1.52⁎⁎⁎
1.00
0.57⁎⁎⁎
0.92
1.00
0.98
1.29
1.00
0.85⁎
0.55⁎⁎⁎
1.00
0.83

1.25–1.69
0.86–1.15
0.70–1.00
1.52–2.41
1.35–1.89
1.43–2.08
1.02–1.56
1.24–1.87
0.49–0.67
0.79–1.06
0.78–1.24
0.71–2.34
0.73–0.98
0.46–0.66
0.64–1.08

1.00
0.96
0.83⁎
1.00
1.90⁎⁎⁎
2.19⁎⁎⁎
1.86⁎⁎⁎
1.00
1.34⁎
1.51⁎⁎
1.00
0.62⁎⁎⁎
0.96
1.00
0.93
1.24
1.00
0.90
0.55⁎⁎⁎
1.00
0.86

1.06–1.48
0.82–1.11
0.68–1.00
1.49–2.41
1.76–2.71
1.51–2.29
1.07–1.67
1.22–1.87
0.53–0.72
0.82–1.12
0.73–1.18
0.68–2.29
0.78–1.05
0.46–0.67
0.66–1.13

1.00
1.06
1.61⁎⁎⁎
1.00
0.44⁎⁎⁎
0.39⁎⁎⁎
0.36⁎⁎⁎
1.00
0.89
0.79⁎
1.00
1.71⁎⁎⁎
1.11
1.00
0.96
0.94
1.00
1.13
1.51⁎⁎⁎
1.00
1.20

0.49–0.64
0.92–1.23
1.37–1.90
0.35–0.56
0.34–0.45
0.30–0.43

0.61–0.83
0.82–1.11
1.07–1.53
0.41–0.66
0.37–0.56
0.35–0.54

0.97–1.31
1.28–1.79

1.00
0.98
0.93
1.00
1.50⁎⁎⁎
1.14
1.00
1.12
1.11
1.00
1.08
1.58⁎⁎⁎

0.92–1.26
1.33–1.89

0.94–1.52

1.00
1.36⁎

1.06–1.75

0.73–1.08
0.66–0.95
1.50–1.96
0.96–1.28
0.76–1.21
0.47–1.89

0.80–1.20
0.76–1.13
1.30–1.73
0.98–1.32
0.88–1.44
0.54–2.26

⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
a
Multivariate models adjusted for age, sex, education, employment, smoking, physical activity, sleep, BMI, and self-rated general health.
b
Age was modelled as a continuous variable.

employed, previous or never smokers, having consistently high activity
levels, and consistently non-obese (Table 3). Again, sleep and self-rated
health were not associated with consistently low sitting over ten years.
4. Discussion
This is the ﬁrst population-based nation-wide study in women and
men to examine patterns and predictors of sedentary behavior within
individuals with a long follow-up time. On average there was a small
and non-signiﬁcant increase in total sitting time over the three time
points between 1995 and 2007; this is consistent with sedentary behavior trends observed in repeated cross-sectional studies with data up to
2006 from Australia (Chau et al., 2012), respectively up to 2010 from
Denmark (Aadahl et al., 2013). However, repeated cross-sectional data
from more recent years (up to 2013) from multiple countries in Europe
showed a decline in high sitting time. This might be due to the recent increase in media reporting on the health effects of sedentary behavior
which likely increased the public awareness and in turn may have led
to a decline in sitting or more under-reporting of sitting (Milton et al.,
2015).
While in the present study the mean change for sitting time for the
whole sample was small, more than half of the study participants
reported changes in sedentary behavior over the three time points
(increases, decreases or mixed patterns). Most previous studies on sedentary behavior and health outcomes have used only a single measure
of exposure at baseline (Biswas et al., 2015), assuming that sitting
time would be relatively stable over time (León-Muñoz et al., 2013).
This study indicates that a large proportion of people change sitting behaviors over time, consistent with previous cohort studies (Clark et al.,
2014; Grunseit et al., 2017; Lee et al., 2016). This warrants studies on
sedentary behavior that measure sitting at more than one point in time.
Participants that maintained high levels of sitting over time were
men, more educated and employed, and less physically active.

Participants with consistently low sitting time were younger, women,
had lower education, were retired and were highly physically active.
These ﬁndings are in line with systematic reviews on correlates and determinants of sedentary behavior (O'Donoghue et al., 2016; Rhodes et
al., 2012). However, these literature reviews were mainly based upon
cross-sectional studies. The results for the cross-sectional baseline correlates in our study were similar to the determinants captured over
time. The ﬁndings for gender and education as predictors of sitting
showed the opposite associations to those seen for physical inactivity,
suggesting that the stimuli for sedentary and physically inactive behavior are quite distinct (Bauman et al., 2012). This is likely due to a large
proportion of the reported sitting time being from occupational sitting
which is associated with educational levels (O'Donoghue et al., 2016).
Recent systematic reviews suggest some promising strategies for reducing sitting at work (Neuhaus et al., 2014; Shrestha et al., 2016).
Our ﬁnding that baseline age and smoking were not associated with
consistently high sitting levels was noteworthy. The literature suggests
that smoking is associated with TV-viewing, time spent driving and
with total sitting time (O'Donoghue et al., 2016) and so our results
may be due to the measurement and operationalization of total sitting
time in CaMos for the present analyses. While age is usually positively
associated with sedentary behavior, almost all previous studies were
based on single time point assessments of sitting time (Biswas et al.,
2015; Rhodes et al., 2012). In the few studies that have examined associations between age and sitting patterns over two time points, the data
show inconsistent directions. For example, in post-menopausal women
in the USA, those with consistently low sitting time at 6-year follow-up
were older than those with consistently high sitting (Lee et al., 2016);
while in a Spanish cohort of older adults, those who were consistently
non-sedentary over two years were younger than those who were consistently sedentary (León-Muñoz et al., 2013). Our ﬁndings thus contribute new information to the currently small body of literature about
associations between age and sitting patterns over time.
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Table 3
Predictors of consistently high/low sitters (based on changes in predictors), Canadian Multicentre Osteoporosis Study (CaMos), Canada, 1995–2007.
Predictor

Category

Sitting category
Consistently low
Univariate

Age (years)c
Sex
Education

Employment

Smoking

Physical activity

Sleep

BMI

Self-rated general health

Men (ref)
Women
High school (ref)
Trade
University
Consistently employed (ref)
Became retired
Stayed retired
Other
Current (ref)
Previous
Never
Consistently high (ref)
Consistently low
Increasing
Decreasing
≤6 h
7–8 h (ref)
≥9 h
Consistently not obese (ref)
Obese to not obese
Not obese to obese
Consistently obese
Could not be classiﬁed
Good to excellent (ref)
Consistently fair/poor
Increasing
Decreasing

Consistently high
Multivariatea,b

Univariate

Multivariateb

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

1.00
1.00
1.45⁎⁎⁎
1.00
1.00
0.84
1.00
0.86
1.24⁎
1.32⁎⁎

0.99–1.00

0.99⁎⁎⁎
1.00
1.36⁎⁎

0.98–0.99

0.98⁎⁎⁎
1.00
0.56⁎⁎⁎

0.97–0.98

1.01
1.00
0.71⁎⁎⁎
1.00
0.97
1.26⁎
1.00
0.35⁎⁎⁎
0.28⁎⁎⁎
0.30⁎⁎⁎

1.00–1.01

1.00
1.26⁎
1.52⁎⁎⁎
1.00
0.43⁎⁎⁎
0.59⁎⁎⁎
0.67⁎⁎⁎
0.92
1.00
0.98
1.00
0.57⁎⁎
0.78
0.60⁎⁎⁎
0.67⁎⁎
1.00
0.89
0.75
0.79

1.25–1.69
0.86–1.15
0.70–1.00
0.69–1.07
1.04–1.48
1.10–1.58
1.02–1.56
1.24–1.87
0.34–0.54
0.48–0.72
0.57–0.79
0.79–1.06

1.00
0.94
0.81⁎
1.00
0.93
1.63⁎⁎⁎
1.39⁎⁎
1.00
1.29⁎
1.48⁎⁎
1.00
0.48⁎⁎⁎
0.62⁎⁎⁎
0.70⁎⁎⁎

1.16–1.60
0.81–1.08
0.67–0.98
0.73–1.18
1.28–2.07
1.11–1.72
1.03–1.61
1.19–1.83
0.38–0.60
0.50–0.76
0.59–0.82
0.80–1.08

0.39–0.83
0.60–1.00
0.50–0.73
0.51–0.87

0.93
1.00
0.95
1.00
0.58⁎⁎
0.83
0.61⁎⁎⁎
0.68⁎⁎

0.39–0.84
0.64–1.07
0.50–0.75
0.51–0.89

0.62–1.27
0.51–1.10
0.59–1.04

1.00
0.97
0.80
0.88

0.67–1.40
0.54–1.18
0.66–1.17

0.78–1.24

0.75–1.21

1.00
1.06
1.61⁎⁎⁎
1.00
0.34⁎⁎⁎
0.31⁎⁎⁎
0.29⁎⁎⁎
1.00
0.89
0.79⁎
1.00
2.18⁎⁎⁎
1.45⁎⁎⁎
1.13
1.11
1.00
0.96
1.00
1.26
1.27⁎
1.43⁎⁎⁎
1.06
1.00
1.26
1.10
0.78

0.49–0.64
0.92–1.23
1.37–1.90
0.28–0.42
0.26–0.36
0.24–0.34
0.73–1.08
0.66–0.95
1.82–2.62
1.21–1.75
0.96–1.33
0.96–1.28
0.76–1.21
0.91–1.73
1.00–1.61
1.21–1.69
0.83–1.37
0.91–1.76
0.78–1.54
0.59–1.04

1.00
0.99
0.89
1.00
1.97⁎⁎⁎
1.32⁎⁎
1.17
1.15
1.00
1.14
1.00
1.44⁎
1.09
1.45⁎⁎⁎
1.25
1.00
1.48⁎
1.19
0.91

0.61–0.83
0.83–1.13
1.05–1.52
0.28–0.43
0.22–0.36
0.24–0.37
0.80–1.21
0.73–1.09
1.63–2.38
1.09–1.61
0.98–1.40
0.99–1.34
0.89–1.46
1.04–2.01
0.85–1.41
1.21–1.73
0.96–1.63
1.05–2.10
0.83–1.70
0.68–1.22

⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
a
Four observations were deleted from the analytical sample due to missing values.
b
Multivariate models adjusted for age, sex, education, and changes over time in employment, smoking, physical activity, sleep, BMI, and self-rated general health.
c
Age was modelled as a continuous variable.

4.1. Strengths and limitations
Strengths of the study were the large population-based sample with
interviewer administered questionnaires on 24-h activity and multiple
sitting domains (work, commuting, eating, leisure), the prospective cohort design with three time points over ten years, adjustment for various
potential confounders, and objectively measured height and weight. Single-item questions for overall sitting usually underestimate sedentary
time (Healy et al., 2011) as do those using TV-viewing as a sedentary
proxy (Sun et al., 2015). Despite being widely used as an indicator for sedentary behavior (Healy et al., 2011), TV-viewing may be an inadequate
proxy of daily sitting due to its typical occurrence in leisure time and differential associations with health outcomes (Ekelund et al., 2016).
Several limitations apply. First, typical for large cohort studies, most
variables were ascertained by self-report. Second, around 40% of the participants were lost during 10-year follow-up making the ﬁnal analytical
sample less representative although those that died or dropped out did
not differ in sedentary behavior. Third, summing across ordinal sitting
variables by using mid-points is an accepted method (Armitage et al.,
2001), but may introduce bias. However, the potential measurement
error is likely to be non-differential over time in this study, so unlikely
to bias estimates of trend over time, or estimates of classiﬁcation of
maintained high sitters or the converse. Fourth, the reliability and validity
of the sitting measures were not previously tested. Sedentary behavior is
a relatively novel risk factor for chronic disease (Owen et al., 2009) and
only in recent years new instruments and devices for measuring
sitting time in population-based studies have been tested for validity

and reliability (Healy et al., 2011). Therefore, there have been few longitudinal studies that have measured sitting repeatedly over a long period of
follow-up time. The baseline data for the present study were collected between 1995 and 1997, long before population-based sitting measures
were widely used and validated. Although we acknowledge that the measure used in the current study was not validated against a more conventional instrument, which is an inherent limitation to an older study, it is
surprisingly similar to more recent domain-speciﬁc and validated sitting
questionnaires (Chau et al., 2011; Marshall et al., 2010). We also believe
that our study has merits because of its repeated measures and long follow-up time. Finally, as the objective of this study was to quantify change
in sitting patterns over time, rather than the prevalence of sedentary behavior, and given that the measurement instrument of sedentary behavior did not change across time points, it is unlikely that the instrument
systematically biased sitting patterns over time.
5. Conclusion
Population studies with multiple measures of sitting are needed to
examine time trends and thus characterize sitting-related risks and to
assess the health associations with sedentary behavior. This research
contributes to efforts to deﬁne target sub-groups for future sedentaryreducing interventions.
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