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ABSTRACT

Gao, Ying

Sit-stand workstations: effects on occupational sitting time, potential health benefits,
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(Studies in Sport, Physical Education and Health

ISSN 0356-1070; 260)

ISBN 978-951-39-7155-7 (nid.)

ISBN 978-951-39-7156-4 (PDF)

Given that a high amount of sedentary behavior is a global health issue, reducing
sitting time is emerging as a novel intervention strategy and a workplace health
priority. Sit-stand workstations have been introduced to the workplace, and can be
used to rotate between sitting and standing postures at work. It is important to develop
and evaluate sit-stand interventions that aim to induce behavioral changes and
potential health benefits, in order to effectively implement them into practice.
Therefore, this thesis examined whether and to what extent sit-stand workstations can
reduce occupational sitting and improve health indexes in a real workplace. The thesis
included four studies in field and laboratory settings using several methodological
approaches such as EMG and accelerometry to examine: 1) validity of self-report
occupational sitting time (n = 70); 2) intervention effectiveness (n = 45); 3) comparison
of muscle activity patterns and spinal loading (n = 24); 4) acute physiological responses
to sitting and standing (n = 18). Overall, occupational sitting represented ~80% or less
of daily work hours among office-based workers. A validation study using long-term
questionnaire and short-term daily recall showed that while at the group level both of
these self-reported measures are acceptable (< 3% difference compared to thigh-
mounted accelerometry) for assessing the proportion of work time spent sitting, they
are not necessarily reliable at an individual level due to large individual variability.
When the questionnaire was used in a 6-month intervention study, working at a sit-
stand workstation led to a ~7% reduction in occupational sitting, and improved
perceived musculoskeletal comfort and work ability in office workers. About 42% of
the participants who had a sit-stand desk used its function on a daily basis and showed
~14% reduction in sitting time. The cross-sectional comparison study showed that
office workers using sit-stand workstations had ~15% less muscle inactivity time and
~11% more light muscle activity time during one work day, but the same amount of
spinal shrinkage compared to office workers using sit workstations. In a laboratory-
based randomized crossover trial, two hours of standing as compared to seated work
increased muscle activity, energy expenditure and circulating glucose level after
glucose loading. The results highlighted fuel switching in favor of fat oxidation during
standing, in spite of extra carbohydrate availability. In conclusion, using sit-stand
workstations seems to be a promising strategy to reduce occupational sitting time and
improve health-related outcomes, although more studies are required to address the
best practices for implementing these workstations into workplace settings.

Keywords: EMG, intervention, muscle inactivity, occupational sitting, postural
physiology, self-report, workplace
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1 INTRODUCTION

Because of advancing methodologies and developing bodies of knowledge on
sedentary behavior, a growing number of studies have focused on directly
measuring sedentary behavior and differentiating its effects independent of
physical activity (Gibbs et al. 2015; Pate, O'Neill & Lobelo 2008; Hamilton et al.
2008). Sedentary behavior, e.g. a sitting or reclining posture, is usually defined
as an activity with low energy expenditure (< 1.5 Metabolic equivalents, METs)
(Sedentary Behaviour Research Network 2012). After controlling for time spent
in moderate to vigorous physical activity, sedentary behavior is independently
associated with increased risks of various deleterious health outcomes (Biswas
et al. 2015; Ekelund et al. 2016). In addition to the health impact of a high
amount of sedentary behavior, evidence suggests that increases in metabolic
risks may be apparent following bouts of uninterrupted sedentary behavior
(Saunders et al. 2012). Related to these consequences, there are potential bene-
fits of replacing sedentary time with non-exercise ambulatory activity, and in-
cluding frequent brief breaks consisting of light- or moderate-intensity activity
(Benatti & Ried-Larsen 2015; Chastin et al. 2015; Hamilton, Hamilton & Zderic
2007).

Indeed, sitting is the most common sedentary behavior in adults; most
adults spend time sitting across specific domains, such as work, leisure, domes-
tic, and transport (Owen et al. 2011). An occupational environment often re-
quires prolonged sitting time, and occupational sitting is a major contributor to
total daily sitting time among office workers (Bennie et al. 2015; Clemes et al.
2014; Parry & Straker 2013). In some occupations, such as call center work,
workers can spend more than 80% of work hours in seated positions (Toom-
ingas et al. 2012). In Finland, 46% of women and 51% of men sit for at least 6
hours in one workday (Sjostrom et al. 2006). Furthermore, sedentary work is
often performed in a static posture for long continuous periods, which is re-
garded as a cause of discomfort and pain in the musculoskeletal system, such as
the upper limbs, neck and back pain (Vieira & Kumar 2004; Magnusson & Pope
1998; Bernard 1997). Thus, it is important to promote interventions in the work
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environment to reduce sitting as a new workplace health priority in order to
positively affect workers” health and productivity.

With the development of ergonomic office furniture, sit-stand work-
stations have been rapidly introduced to the workplace in recent years. Sit-
stand workstations allow users to adjust their work postures between sitting
and standing during task performance throughout the day. Several studies have
reported that working with a sit-stand workstation can reduce self-reported
(Pronk et al. 2012) and objectively measured sitting time at work (Chau et al.
2014b; Dutta et al. 2014), which is predominantly replaced by standing
(Alkhajah et al. 2012; Healy et al. 2013; Straker et al. 2013). Recently some pro-
spective studies reported that standing is linked to lower all-cause and cardio-
vascular disease mortality (Katzmarzyk 2014; Van der Ploeg et al. 2014). Alt-
hough sitting and standing both involve low levels of energy expenditure,
standing requires more muscle activity in the lower extremities than sitting
(Hamilton, Hamilton & Zderic 2007). Even short bouts of light muscle activity
can decrease cardio-metabolic risk factors (Dunstan et al. 2012; Duvivier et al.
2013). Greater muscle inactivity time has also been shown to be adversely asso-
ciated with several cardio-metabolic biomarkers in healthy office workers (Pe-
sola et al. 2015), suggesting a potential effect of using sit-stand workstations on
metabolic health. However, a recent Cochrane review showed that sit-stand
workstations provide health benefits from standing at work, but the quality of
the evidence is very low (Shrestha et al. 2016). While intermittent muscle con-
tractions may be one of the key mechanisms of improvements in markers of
metabolic health (Hamilton, Hamilton & Zderic 2007; Pesola et al. 2015), the
role of muscle activity has not been assessed in the majority of intervention or
experimental studies (Benatti & Ried-Larsen 2015; Saunders et al. 2012). Fur-
thermore, with respect to the potential health benefits associated with reducing
sitting, the effects of extended standing and different work postures on muscu-
loskeletal issues are additional potential outcome measures that can be used to
assess the effects of using sit-stand workstations on musculoskeletal health.
Therefore, more studies using multidisciplinary methodologies are required to
elucidate why standing might/might not independently reduce the health risks
of sitting.

Since the workplace has been recognized as an important setting, common
sedentary occupations like office workers would be suitable target groups for
interventions aiming to reduce sedentary behavior. Unless otherwise specified,
in this thesis, occupational sedentary behavior refers to this particular sitting
behavior during work time. For an ecologically valid setting, the question still
remains whether working with sit-stand workstations can effectively reduce
occupational sitting time and improve health indexes. Thus, interdisciplinary
studies of behavioral changes and postural implications are needed, based on a
sedentary behavioral research framework (Marshall & Ramirez 2011), and com-
bined with postural considerations. This thesis included field and laboratory
studies with methodological approaches from biomechanics and exercise phys-
iology to evaluate the effects of using a sit-stand workstation as part of novel
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intervention strategies aimed at reducing occupational sitting time and induc-
ing potential health benefits. The aim of the current thesis was to study whether
and to what extent using sit-stand workstations could reduce occupational sit-
ting time and improve health indexes in a real workplace. Specifically, the the-
sis investigated occupational sitting with multidisciplinary methodology and
related it to health outcomes, work ability and postural physiology.



2 REVIEW OF THE LITERATURE

2.1 Sedentary behavior

2.1.1 Definitions and measures

The term sedentary behavior was defined in 2012 by the Sedentary Behavior
Research Network as any waking behavior in a sitting or reclining posture with
energy expenditure less than 1.5 METs (Sedentary Behaviour Research Network
2012). It was highlighted that sedentary behavior is distinct from physical
inactivity, which can be described as performing insufficient amounts of
moderate to vigorous physical activity (Sedentary Behaviour Research Network
2012), e.g. not meeting specified physical activity guidelines (Haskell et al. 2007).
For adults, the recommendation updated in 2007 is a minimum of 30 minutes
on five days per week for moderate intensity physical activity or a minimum of
20 minutes on three days per week for vigorous intensity physical activity, and
a minimum two days per week for activities that maintain or increase muscular
strength and endurance (Haskell et al. 2007). The definition of sedentary
behavior includes both intensity (energy expenditure < 1.5 METs) and posture
(sitting or reclining). The intensity fits within the context of an overall activity
pattern, where non-sedentary waking behavior is categorized as light (1.6 - 3.0
METs), moderate (3.0 - 6.0 METs), or vigorous (> 6.0 METs) physical activity
(Norton, Norton & Sadgrove 2010). Furthermore, it is consistent with the
fundamental construct of the term sedentary that originates from the Latin
“sedere”, which means to sit. In light of posture-based hypotheses, upright
behaviors with potentially overlapping MET values, such as standing, which
are at the low end of the human movement spectrum, may be considered
distinct from sedentary behavior. Although agreement on postural components
of sedentary behavior has not yet been established, there are potentially
important hypotheses to examine, e.g. whether standing would contribute to
better health than sitting (Gibbs et al. 2015).
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Sedentary time is commonly measured in three ways: 1) in terms of specific
behaviors (e.g. watching television, using a computer); 2) the time spent in a
specific domain (e.g. work, leisure, domestic, transport); 3) overall sedentary
time throughout the day (Healy et al. 2011). When sitting behavior usually oc-
curs at work, occupational sitting time is specifically measured as time spent sit-
ting during work hours.

Although quantifying human behaviors generally poses challenges, dif-
ferent subjective and objective methods are available to measure sedentary be-
havior, and all of these measures could be important to advance science in this
field. Atkin et al. (2012) summarized various different available methods in-
cluding subjective measures (e.g. self-report questionnaires, diaries and logs)
and objective measures (e.g. accelerometers, posture monitors, heart rate moni-
tors and combined sensing, and multi-unit monitors), and highlighted their ad-
vantages and limitations. However, distinct information is offered by different
methods, and it is necessary to develop and evaluate reliable and valid methods
for measuring sedentary behavior. With regards to common uses in free living
situations in many population-based studies among adults, self-report methods
and objective device-based accelerometry will be further discussed related to
the assessment of sedentary behavior.

Questionnaires are a popular self-reported method for assessing sedentary
behavior. Among the most commonly used are the International Physical Activ-
ity Questionnaire (Rosenberg et al. 2008), Global Physical Activity Question-
naire (Cleland et al. 2014), Sedentary Behavior Questionnaire (Rosenberg et al.
2010), Occupational Physical Activity Questionnaire (Reis et al. 2005), or Occu-
pation Sitting and Physical Activity Questionnaire (Chau et al. 2012). They can
be implemented on a large scale with low cost and their administration does
not alter the behavior under investigation. However, questionnaires rely on
subjective perception of habitual sedentary behavior that is possibly susceptible
to random and systematic reporting errors resulting in under- or overestima-
tion of the items being assessed (Matthews et al. 2012b). Although the majority
of questionnaires have shown acceptable to fair or good test-retest reliability,
they still exhibit a weak or low correlation between sedentary time and the cri-
terion measure (Healy et al. 2011). Compared with questionnaires using recall
over the past week or longer, short-term recall (e.g. 24-hour recall and past day
recall) or behavioral logs (e.g. time use records) can reduce some of the reporting
errors in estimates of usual levels of sedentary behavior (Matthews et al. 2012b).
However, the disadvantages, such as participant burden, systematic reporting
errors and administration costs, have limited their use in population-based re-
search (Matthews et al. 2012b). Thus more work is needed to evaluate and com-
pare the differences in varying time frames of assessment, such as short-term
recall on a daily basis versus long-term recall in habitual patterns in order to
improve the assessment of self-reported sedentary behavior (Matthews et al.
2012b). Studies are required to develop and evaluate validated self-reports of
behavior-specific, domain-specific or total sedentary behavior and where possi-
ble in different sub-populations (Healy et al. 2011).
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Accelerometry is developing as an important method used for the objective
monitoring of sedentary behavior. It can reduce measurement errors and pro-
vide full information about patterns of activity, which includes not only total
sedentary time but also how this is accumulated (Healy et al. 2008; Chastin &
Granat 2010). Accelerometers are usually small, lightweight and feasible devic-
es that can be worn during normal daily life. There are many available accel-
erometer devices on the market which are widely used to date (Godfrey et al.
2008). Most of them use piezoelectric sensors to detect accelerations in one to
three orthogonal planes (anteroposterior, mediolateral, and vertical) via body
movement, and can convert recorded accelerations to a quantifiable digital sig-
nal referred to as counts by summing over a time frame or epoch (Chen & Bas-
sett 2005). Several considerations have been discussed concerning using accel-
erometers in field based research (Trost, Mciver & Pate 2005; Matthews et al.
2012a). Standardized procedures and data processing are still in development,
because of the importance of feasible utility and the ability to perform compari-
sons between different studies and populations (Healy et al. 2011; Atkin et al.
2012). For example, the hip- or waist-mounted accelerometers of ActiGraph are
often used. Sedentary time is derived from activities through the low move-
ment counts at a specified cut-point. Although the most accurate cut-point is yet
to be established, counts per minute less than 100 are typically classified as sed-
entary time (Freedson, Melanson & Sirard 1998). However, this is still not a
gold standard for identifying sedentary behavior because of the misclassifica-
tion of low intensity non-sedentary behaviors as sedentary behavior. For exam-
ple, periods of standing still may be misclassified as sedentary time.

Instead, methods of identifying postural allocations using an accelerome-
ter for sensing inclination have recently been developed. This approach can de-
termine body posture on the basis of thigh inclination and acceleration to classi-
fy time spent sitting/lying and upright (standing or walking) (e.g. using Acti-
PAL). Their criterion validity for measuring sitting time in both laboratory
(Grant et al. 2006) and free living settings (Kozey-Keadle et al. 2011; Lyden et al.
2012) has been established, and the ability to accurately determine body posi-
tion is high compared to direct observation. This method yields excellent relia-
bility and high validity, with a mean percentage difference of 0.19% (limits of
agreement range from -0.68% to 1.06%) for total time spent sitting compared
with direct observation (Grant et al. 2006). Several studies have examined thigh-
mounted accelerometers across different device brands that are capable of iden-
tifying sitting and upright postures (Edwardson et al. 2016a; Steeves et al. 2015;
Rowlands et al. 2014; Skotte et al. 2014). Some studies reported high accuracy of
raw acceleration data processing using open source algorithms in a range of
postures and activities, and in laboratory and free living settings (Edwardson et
al. 2016a; Rowlands et al. 2014). This potentially facilitates the comparison of
results across different monitors when data transformation is carried out post
processing. As one of the key recommendations suggested by a workshop enti-
tled “Research Evidence on Sedentary Behavior”, a research priority is to im-
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prove and standardize methods of assessing sedentary behavior (Gibbs et al.
2015).

Muscle activity and inactivity have been reported in recent studies, and may
be important and distinct contributors to sedentary behavior (Pesola et al. 2015;
Finni et al. 2014; Hamilton, Hamilton & Zderic 2007). Muscle inactivity can be
defined as time when the muscle activity intensity remains below a specified
threshold. In one study the threshold was defined as 90% of the individual’s
muscle activity amplitude during standing (Tikkanen et al. 2013). These indi-
vidual muscle inactivity thresholds were comparable with their absolute
thresholds of 2% EMGwmvc (Tikkanen et al. 2013). When sitting quietly, large lo-
comotor muscles are mainly inactive. There is a distinction between standing
and sitting whereby thigh muscle activity is several folds higher during stand-
ing than sitting (Tikkanen et al. 2013), even though inter-individual variability
is high (Pesola et al. 2016). Thus, the quantification of muscle activity can pro-
vide new insights into research in sedentary behavior and its relationships with
health outcomes (Thyfault et al. 2015).

21.2 Epidemiological findings linking sedentary behavior with health im-
pacts

In 2003 - 2006, a large population-based sample from the “National Health and
Nutrition Examination Survey” assessed sedentary time using objective accel-
erometer measures, and found that more than half of the waking day, or 7.7
hours/day, was spent on sedentary time (Matthews et al. 2008; Schuna, Johnson
& Tudor-Locke 2013). They also compared with accelerometer measured varia-
bles across categories including self-reported moderate-to-vigorous activity,
usual occupational/domestic activity and leisure time sedentary behavior. On
average, adults who self-reported that they met physical activity guidelines ac-
cumulated more objectively measured physical activity and similar amounts of
sedentary time relative to those who reported not meeting the guidelines. How-
ever, they found that adults who self-reported their daily occupation-
al/domestic activity as “mostly sitting” or accumulating > 3 h/d in leisure time
spent on sedentary behavior accumulated fewer accelerometer counts and more
sedentary time than those who described their usual occupational/domestic
activity as “stand, walk, lift, or carry” or < 3 h/d in leisure sedentary behavior
(Schuna, Johnson & Tudor-Locke 2013).

In a recent epidemiology study including more than one billion adults
from 54 countries, Rezende et al. (2016) found that sitting for more than 3 h/d
was associated with a 3.8% increased risk of all-cause mortality, which equated
to 433,000 deaths/year. Similarly, Chau et al. (2013) used meta-analysis to quan-
tify the association between daily total sitting time and all-cause mortality risks.
When physical activity was taken into account, they found that there was a
dose-response relationship between per hour increase in time spent sitting and
all-cause mortality (Chau et al. 2013). Each additional hour of daily sitting was
associated with an overall 2% increased risk of all-cause mortality after physical
activity adjustment, even up to 5% risk for adults sitting more than 7 h/d (Chau
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et al. 2013). When physical activity was not taken into account, 2% and 8%
higher risk per hour were related with total sitting > 4 — 8 and > 8 h/d (Chau et
al. 2013). It seems that physical activity partly attenuates the adverse associa-
tions between total daily sitting time and all-cause mortality, especially in those
who sit the most. Chau et al. (2013) also found that sitting time was associated
with a 5.9% greater risk of all-cause mortality (using calculation of population
attributable fraction) after adjusting for physical activity. These findings suggest
that a higher amount of daily total sitting time is associated with greater risk of
all-cause mortality in a dose-response manner, and physical activity seems to
attenuate this hazardous association. An additional meta-analysis reported that
sedentary time was independently associated with increased risks of several
deleterious health outcomes including all-cause mortality, cardiovascular dis-
ease incidence or mortality, cancer incidence or mortality, and type 2 diabetes
incidence in adults, after adjustment for physical activity (Biswas et al. 2015). In
their analysis, Biswas et al (2015) included 47 articles, of which 44 applied a
prospective cohort design and sedentary time was mostly quantified using self-
report. However, the adverse outcomes associated with sedentary time were of
greater magnitude among persons who participated in lower levels of physical
activity compared with higher levels (Biswas et al. 2015). Thus, it highlighted
that the recommended physical activity levels do not fully counteract the haz-
ards of a high amount of sitting time, and that deleterious effects of sitting are
stronger for those who are physically inactive compared to those who are ac-
tive.

Given the consistency of research findings reported so far linking too
much sitting to poor health, the health impacts of reducing sitting time are now
being researched. Rezende et al. (2016) estimated that eliminating sitting time
would increase life expectancy by a weighted mean of 0.23 years among the 54
countries worldwide, ranging from 0.15 years in Southeast Asian countries, 0.29
years in Europe countries, to 0.4 years in Western Pacific countries. The per-
centage of all-cause mortality worldwide would decrease if sitting time was
reduced at different levels (Rezende et al. 2016). Based on reductions of 10%,
25% and 50% of mean sitting time per day, all-cause mortality would be accord-
ingly reduced by 0.6%, 1.3% and 2.3%, respectively (Rezende et al. 2016). Abso-
lute reductions in mean sitting time equal to 30 minutes, 1 hour and 2 hours per
day would have an instant impact, decreasing all-cause mortality by 0.6%, 1.1%,
and 1.9%, respectively (Rezende et al. 2016). In a large prospective cohort study
of post-menopausal women, Lee et al. (2016) examined mortality rates accord-
ing to changes in sitting time over six years. Compared with women who main-
tained high amounts of sitting time (= 10 h/d) over six years, those who main-
tained lower levels of sitting (< 9 h/d) over time had a 51% lower risk of all-
cause and 48% of cancer mortality. Interestingly, reducing sitting time from =10
h/d to <9 h/d resulted in a 29% lower risk of all-cause mortality and a 27%
lower risk of cancer mortality (Lee, Kuk & Ardern 2016). These findings indi-
cated, among middle-aged and older women, that reducing sitting time is bene-
ficial for survival of those who have high amounts of physical inactivity and
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sedentary time (Lee, Kuk & Ardern 2016). Thus, considering the increasing
trend of sedentary time (particularly too much sitting), interventions aimed at
reducing sitting time have been proposed as an important public health strate-
gy (Proper et al. 2011; Owen et al. 2011; Owen et al. 2010).

Recently emerging epidemiological studies have examined whether there
are benefits of replacing sedentary behavior with either purposeful exercise or a
broad range of everyday activities. Mekary et al. (2013) estimated the substitu-
tion effect of replacing equivalent time spent in one activity with another one on
health benefits. Similarly, work was done by Matthews et al. (2015) followed
over 150,000 older adults. They reported that the reduction in mortality was
around range of 20% - 40% when replacing 1 h/d of sitting with an equal
amount of purposeful exercise or non-exercise activities among less active par-
ticipants (< 2 h/d of overall activity) (Matthews et al. 2015). For those who were
more active (= 2 h/d of overall activity), the mortality benefit was a 9% lower
risk when replacing sitting time with 1 h/d exercise (Matthews et al. 2015). Fur-
ther studies conducted using accelerometer-based measures of sedentary time
and physical activity also reported the benefits in terms of mortality of replac-
ing sedentary time with light- and moderate-to-vigorous intensity activity (Mat-
thews et al. 2016; Fishman et al. 2016). In particular, among less active adults
who accumulated less than 5.8 h/d of total activity, replacing 1 h/d of seden-
tary time with either light or moderate-to-vigorous intensity activity was asso-
ciated with 18% and 42% lower risk of mortality, respectively (Matthews et al.
2016). Although the method used estimates the potential benefits of replacing
sedentary time and does not the actual health impacts on changing sedentary
behaviors, it provides useful insight to help develop interventions that aim to
reduce sitting time by replacing with physical activity (Keadle et al. 2017). An-
other study also highlighted that light intensity activity during everyday living,
even “baseline activities” (Powell, Paluch & Blair 2011), may be a healthy sub-
stitute for sedentary behavior. In this respect, the minimum threshold for health
enhancing physical activity should be rethought (Powell, Paluch & Blair 2011).

A recent study found that adults engaged in an average of 47 bouts of ac-
tive and sedentary behaviors per day, and that the average amount of time
spent standing and ambulating was about 6.5 h/d, which was mostly accumu-
lated in several bouts of activity (Levine et al. 2008). Standing up interrupts a
sedentary bout and is thus hypothesized to reduce the health risks of sedentary
behavior. Some prospective studies supported this hypothesis and found that
standing is linked to lower all-cause and cardiovascular disease mortality
(Katzmarzyk 2014; Van der Ploeg et al. 2014). These studies included large
samples from Canadian adults and Australian adults, and found similar dose-
response associations, suggesting that increasing standing time may help to
alleviate the health risks of excessive sitting (Katzmarzyk 2014; Van der Ploeg et
al. 2014). Stamatakis et al. (2015) reported that replacing sitting with either
standing or walking led to a reduced mortality risk of 4% or 10% respectively.
However, their study relied on self-report measures that may not be sufficiently
accurate (Stamatakis et al. 2015). A recent cross-sectional study using the Ac-
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tivPAL monitor, which is highly accurate for capturing postural allocations
(Grant et al. 2006), showed that replacing sitting with either standing or step-
ping had beneficial effects on high-density lipoprotein cholesterol and triglycer-
ides (Healy et al. 2015). It suggested that replacing 2 h/d of sitting time with
standing, stepping, or both, may benefit cardio-metabolic health. In particular,
standing showed beneficial associations with lipids, as well as fasting glucose
and 2-h post loading of plasma glucose (Healy et al. 2015). As standing is a
common behavior, a simple alternative to sitting may represent different physi-
ological states (Hamilton, Hamilton & Zderic 2004). However, it is still unclear
if and why standing might provide potential health benefits (Hamilton, Hamil-
ton & Zderic 2007). Thus, experimental studies are required to provide insight
into possible physiological mechanisms underlying these associations based on
epidemiological findings.

2.1.3 Experimental studies of underlying physiological mechanisms

Epidemiological findings have provided specific hypotheses relating to too
much sitting, particularly the importance of reducing the total amount of sitting
time and prolonged periods of uninterrupted sitting. It should be noted that
sedentary behavior is distinct from physical inactivity, since decades of experi-
mental studies have been dedicated to inactivity physiology research. This has
provided the platform on which possible underlying mechanisms can be fur-
ther elucidated concerning the deleterious biological and physiological conse-
quences of prolonged sitting. Physical inactivity is a primary cause of 35 sepa-
rate pathological and clinical conditions (Booth, Roberts & Laye 2012). Human
studies involving ground-based bed rest (Bergouignan et al. 2011), space flight
(Fitts, Riley & Widrick 2000) and lowering daily ambulatory activity in free liv-
ing humans (Thyfault & Krogh-Madsen 2011), as well as animal experimental
models (Bey & Hamilton 2003), among of which impose physical inactivity for a
defined period of time, have been able to investigate mechanisms of adaptation
to short- or long-term analogs of biological and physiological responses. These
include muscle atrophy and functional loss, reduced capacity to use fat as sub-
strate or produce energy, insulin resistance in muscle, impaired lipid trafficking
and hyperlipidemia, a shift in muscle fiber types toward the fast-twitch glyco-
lytic type, ectopic fat storage, and increased central and peripheral adiposity
(Bergouignan et al. 2011; Thyfault & Krogh-Madsen 2011; Fitts, Riley & Widrick
2000), and suppressed skeletal muscle lipoprotein lipase activity in animals
(Bey & Hamilton 2003). The following events can be hypothesized to explain
the physical inactivity-induced metabolic alterations, thus suggesting metabolic
inflexibility (Bergouignan et al. 2011). Although the mechanisms underlying the
health hazards of sitting are not completely known, an improved body of
knowledge includes sedentary behavior and positive energy balance, postpran-
dial glycemic load, increased oxidative stress, liver and intramuscular lipid ac-
cumulation, and insulin resistance at the muscle level, which are contributors to
increased cardio-metabolic risks (Pesola 2016).
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On the basis of these insights from inactivity physiology research, emerg-
ing experimental studies have provided evidence for the effects of reducing and
breaking up sedentary time on biomarkers of cardio-metabolic risks. It is well
documented that acute bouts of sedentary behavior (ranging from 2 hours to 7
days) may induce rapid and deleterious changes in triglyceride levels, insulin
sensitivity, and glucose tolerance (Saunders et al. 2012). Excessive sitting has
been identified as a highly prevalent risk behavior, and prospective experi-
mental studies have provided considerable evidence regarding the impact of
prolonged sitting time on cardio-metabolic health profile (Benatti & Ried-
Larsen 2015). There are potential benefits of replacing sitting time with physical
activity, even with non-exercise ambulation and including frequent brief breaks
of light- or moderate-intensity activity (Benatti & Ried-Larsen 2015). However,
it is also highlighted that the positive outcomes on cardio-metabolic profile may
be dependent on type, intensity and frequency of physical activity (Benatti &
Ried-Larsen 2015). Reports on the findings and recommendations of the “Phys-
iology of Sedentary Behavior and its Relationship to Health Outcomes” group
suggested studies of sedentary behavior with respect to the behaviors that are
needed for optimal health (Thyfault et al. 2015).

Several randomized cross-over studies have consistently shown that there
are clinically significant improvements in postprandial glucose responses fol-
lowing a high frequency of short interruptions, e.g. 2 - 3 min bouts per 20 - 30
minutes during prolonged sitting involving either light- or moderate-intensity
ambulation, standing, or simple resistance activity (Benatti & Ried-Larsen 2015).
In a recent meta-analysis of observational and experimental studies, Chastin et
al (2015) examined the relationship between breaks in sedentary behavior and
cardio-metabolic health in adults. They identified a total of 13 studies, 6 of
which were experimental studies, and confirmed that interrupting prolonged
sitting both with light- and moderate-to-vigorous intensity physical activity has
beneficial acute effects on glycemic control, where pooled results of interrup-
tions significantly lowered postprandial glucose by 17.4% and 1.4%, and insulin
level by 14.9% and 23.8%, respectively (Chastin et al. 2015). These results sug-
gest that breaking up prolonged sitting with light-intensity physical activity like
walking may be adequate for counteracting some acute detrimental effects of
sedentary behavior on cardio-metabolic health.

Standing up from a seated position represents the end of a sitting period,
which is a strong stimulus for the body. However, inconsistent conclusions may
arise when examining different durations of standing breaks, e.g. whether it
requires a sufficient level of activity to induce acute benefits of breaking up pro-
longed sitting time (Chastin et al. 2015). When sitting and standing were alter-
nated with equal durations every 30 minutes, standing attenuated postprandial
glycaemia without affecting insulin responses (Thorp et al. 2014), but not for
short bouts of 2 minutes standing up after every 20 minutes sitting (Bailey &
Locke 2015). There is a mild increase in energy expenditure during standing
when compared with sitting (Judice et al. 2016), which may improve clearance
of circulating nutrients. However, the increase in energy expenditure when



22

transitioning from sitting to standing is negligible (Mansoubi et al. 2015), and
neither the amount of energy expenditure (Blankenship, Granados & Braun
2014; Duvivier et al. 2013) nor changes in energy balance (Thorp et al. 2014) can
solely explain the improved glucose regulation following light-intensity physi-
cal activity like standing. This suggests that mechanisms other than increased
energy expenditure bring about the potential health benefits of standing.

Given hypotheses on posture-based mechanisms, specifically both stand-
ing and ambulation, to maintain upright postures skeletal muscle activity levels
are greater compared with a sitting or reclining posture. Thigh muscle activity
is several folds higher during standing than sitting, especially for obese adults
(Pesola et al. 2016). Skeletal muscle tissue is mainly responsible for plasma glu-
cose disposal in postprandial conditions (DeFronzo, Jacot & Jequier 1981), and
static standing increases muscle activity compared to sitting, with high inter-
individual variability (Pesola et al. 2016). Sustained contractile activity in the
lower limbs during standing may help to promote the translocation of GLUT-4
glucose transporters from intracellular compartments to the plasma membrane
to facilitate muscle glucose uptake (Sakamoto & Holman 2008). Breaking up
sitting with light intensity walking improves contraction-mediated glucose up-
take compared to uninterrupted sitting (Bergouignan et al. 2016). If the gains in
muscle activity during standing and walking were similar, this finding could
explain the improved glucose tolerance independent of changes in insulin sen-
sitivity. Moreover, increased fat oxidation during physical activity might im-
prove glucose tolerance indirectly through improved muscle lipid uptake, traf-
ficking and oxidation, which serves to clear insulin-inhibiting fat metabolites
within muscle cells (Bergouignan et al. 2013). Therefore, standing may benefit
glucose tolerance through mechanisms linked to either increased carbohydrate
or fat oxidation, but these mutually inhibitory mechanisms have not been quan-
tified concurrently with muscle activity and metabolic markers during stand-
ing. Concurrent measurement of these potential mechanisms is required to ex-
plain why in some studies standing has not elicited metabolic benefits (Bailey &
Locke 2015; Miyashita et al. 2013), and thus to elucidate whether standing is a
healthy alternative to sitting.

214 Determinants of sedentary behavior and modifying the workplace en-
vironment

When experimental studies give important physiological insight into the risks
of sedentary behavior and possible substitutes of physical activity to eliminate
those risks, the next step in sedentary behavior research is to develop and
evaluate effective intervention studies which aim to reduce overall sedentary
time and change habitual patterns of sedentary accumulation. Thus, it is
important to firstly understand which factors influence sedentary behaviors.
Distinct from planned and structured exercise behavior, behavioral set-
tings as the determinants of a high amount of sitting time are linked to physical
and social contexts where sitting occurs (Barker 1968). An ecological model has
been proposed by Owen et al. (2011) as a framework to understand the relevant
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determinants of sedentary behavior. It assumes that there are multiple levels of
influence on sedentary behavior, including individual, social, organization-
al/community, environmental, and policy within various contexts. The im-
portance of the behavioral settings is highlighted. These behavioral settings can
be identified in different domains: workplace, leisure, domestic and transporta-
tion contexts. Moreover, particular sedentary behaviors may occur commonly
in a variety of settings, such as watching television and other screen-focused
time in the domestic environment, prolonged sitting in the workplace and time
spent sitting in automobiles (Owen et al. 2011).

Sedentary behaviors can be strongly influenced by environmental attrib-
utes in a variety of contexts including work, leisure, domestic and transport
(Owen 2012). At the environmental level, research focused on specific sedentary
behaviors in particular contexts has reported correlations between environmen-
tal attributes and adults” sedentary behaviors, and it is noted that the determi-
nants of sedentary behavior are unique in different environments such as
neighborhood and occupational environments (Koohsari et al. 2015; De Cocker
et al. 2014). Modifying environments can provide an important strategy for in-
terventions aiming to reduce sedentary behavior. This is also supported by a
recent review which focused on behavioral change strategies used in sedentary
behavior reduction interventions in adults (Gardner et al. 2016). It was suggest-
ed that future interventions should consider the external environments which
largely determine sedentary behavior; in other words, people would be willing
to reduce their sedentary time if the environment were modified (Gardner et al.
2016).

With a particular focus on sedentary behavior at work, the workplace has
been proposed as one of the key settings for interventions aiming to reduce
sedentary behavior (Healy et al. 2012). An increasing number of studies have
recently reported on workplace interventions. It is important to identify the ef-
fectiveness of workplace interventions to reduce sitting time. Previous studies
have focused on increasing workplace physical activity as the primary outcome,
for example using a standing desk (Speck & Schmitz 2011) or walking work-
station (Thompson et al. 2008; Levine & Miller 2007), operating a stepping de-
vice in the office (McAlpine et al. 2007), and sitting on a dynamic chair (Ellegast
et al. 2012) or a therapy ball instead of a traditional office chair (Beers et al.
2008). However, research simply targeting exercise behaviors does not reduce
sedentary behavior (Chau et al. 2010; Conn et al. 2009), indicating the im-
portance of primarily targeting sedentary behavior independent of physical
activity for sedentary reduction interventions (Gardner et al. 2016; Prince et al.
2014; Martin et al. 2015). Conclusive evidence for the impact of workplace in-
terventions on reducing sitting time as primary outcomes is much needed.

Two recent meta-analyses evaluated the combined effectiveness of work-
place interventions targeting reducing sitting time as their primary outcomes
(Chu et al. 2016; Shrestha et al. 2016). Chu et al. (2016) identified 26 controlled
intervention studies with a total of 4568 participants. The pooled intervention
effect was a significant workplace sitting time reduction of about -40 min/8 h
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workday, favoring the intervention group (Chu et al. 2016). Followed by multi-
component strategies (-89 min/8 h workday), environmental strategies alone
still induced substantial reductions in workplace sitting time of -73 min/8 h
workday, compared to just -15 min/8 h workday for educational/behavioral
strategies, suggesting the promising effectiveness of implemented environmen-
tal modifications in the workplace (Chu et al. 2016). Comparable with a previ-
ous review, Neuhaus et al. (2014) particularly focused on activity-permissive
workstations, and reported a 77 min/8 h workday reduction in workplace sit-
ting (Neuhaus et al. 2014a). However, inconsistent with a recent Cochrane re-
view, they were skeptical about the effect of an environmental modification
alone, and they reported that there is very low to low quality evidence suggest-
ing that sit-stand workstations may decrease workplace sitting without having
adverse effects in the short or medium term (Shrestha et al. 2016). Thus, more
studies are needed to examine the effectiveness of sit-stand workstations in the
real workplace.

Collectively, modifying a workplace environment by installation of active
workstations such as height adjustable sit-stand workstations has been pro-
posed as a potential strategy to reduce sedentary behavior at work. Examining
the influence of an environmental modification alone on sedentary behavior
could be helpful in developing efficient interventions targeted at reducing sed-
entary time in a real workplace. While there has been a major shift toward office
workstations, it is often with little consideration for ergonomic or biomechani-
cal factors, or their work postural implications (Callaghan et al. 2015). There-
fore, combined with the field of ergonomics, physical ergonomic factors associ-
ated with sedentary work are still important considerations to evaluate regard-
ing the improvement of musculoskeletal health. Specific examples of prolonged
sitting and standing in the workplace will be discussed in the next section. The
theoretical debate with respect to the negative impacts of prolonged sitting and
standing and the many contributing factors is complex. Thus, a brief overview
of the various mechanisms is outlined in the following section to provide an
indication of the theories involved and the postural related implications.

2.2 Consequences of prolonged sitting and standing

221 Static posture

There is no posture that can be comfortably maintained for long periods of time.
Any prolonged posture can lead to static loading of the lumbar spine, the mus-
cles and joint tissues, and consequently cause discomfort, pain or even injury
when overload occurs (Magnusson & Pope 1998; Vieira & Kumar 2004). In the
office environment, sitting and standing are the two basic forms of working
postures. Workers may restrict their body movement and postural changes due
to job requirements and confined workstations. Continuous sitting or standing
at work is one such restriction that is commonly observed in various offices.
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Sustained static or constrained postures can contribute to the development
of muscle imbalance, fatigue, discomfort and pain (Valachi & Valachi 2003;
Todd, Bennett & Christie 2007). Although a consensus as to whether static pos-
ture is causative of or resultant from musculoskeletal disorders is yet to be
reached, study has investigated potential exposure-response relationships
(Kwon et al. 2011). Several negative health outcomes are associated with static
postures after long periods of exposure, either in prolonged sitting or standing
and sedentary work. In many cases, the exposure was described subjectively
and/or in combination with other work-related risk factors (Bernard 1997, 6-
34). There is at least reasonable evidence of a causal relationship between sever-
al risk factors and the development of work-related musculoskeletal disorders
including heavy physical work, smoking, high body mass index, high psycho-
social work demands, and the presence of co-morbidities, as well as the most
commonly reported biomechanical risk factors including excessive repetitions,
awkward postures, and heavy lifting (Da Costa & Vieira 2010). In light intensity
office work, performing computer work and postures outside of neutral posi-
tion are particularly identified as problematic for musculoskeletal issues (Wahl-
strom 2005).

In office work, sitting is the predominant static posture and musculoskele-
tal symptoms are commonly reported in relation to neck-shoulder disorders,
e.g. tension neck syndrome and trapezius myalgia (Larsson, Segaard & Rosen-
dal 2007). A forward head posture (Gonzalez & Manns 1996) can be a resultant
adaptation among office workers, and a positive relationship has been reported
between neck flexion and musculoskeletal symptoms in the neck and trapezius
region (Kilbom, Persson & Jonsson 1986). Compared with neutral head posture,
the forward head posture involves significantly increased EMG activity in the
upper and lower trapezius during isometric shoulder flexion (Weon et al. 2010).
Furthermore, as muscles adapt to being held at lengthened or shortened lengths
over time, such prolonged static postures may result in muscle imbalance, lead-
ing to structural damage and pain (Valachi & Valachi 2003). When performing
intensive computer work, prolonged, low level static muscular contractions can
cause accumulation of metabolites and muscle fatigue, and even muscle ische-
mia or necrosis (Sjggaard, Lundberg & Kadefors 2000).

Development of local muscle fatigue and discomfort is considered a limi-
tation of monotonous and long lasting static work, even though the work can be
regarded as light intensity (Bosch, De Looze & Van Dieén 2007). In a static pos-
ture, blood flow is reduced and prolonged muscle contractions at a low level
can increase intramuscular pressure, due to absence of oxygenation and nutri-
tion, resulting in accumulation of metabolites and local muscle fatigue
(Sjegaard, Lundberg & Kadefors 2000). According to the ‘Cinderella hypothesis’
which follows Henneman's size principle, in low-intensity muscle contractions,
type I motor units are recruited first and remain active during static tasks (Higg
1991; Henneman, Somjen & Carpenter 1965). Thorn et al. (2002; 2007) reported
that low threshold motor units were recruited first, and were then continuously
active within the trapezius muscle over long periods of static contraction. This
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was also the case in symptomatic computer users (Thorn et al. 2007; Thorn et al.
2002). A work-rest schedule including frequent and short breaks from sitting for
a data entry task resulted in the smallest increase in trapezius muscle activity
(Balci & Aghazadeh 2004). Furthermore, studies by Samani et al. (2009; 2010)
have shown that the activity of the trapezius muscle can be reorganized follow-
ing active pauses.

Prolonged static postures have been identified as risk factors for low back
pain, either in prolonged sitting or standing (Manchikanti 2000). Studies have
associated inadequate working postures and overloading (e.g. awkward and
slumped postures over time) with increased intervertebral disc pressures,
which is a risk factor that may lead to degenerative changes within the lumbar
spine and development of low back pain or injury (Valachi & Valachi 2003;
Todd, Bennett & Christie 2007). More discussion related to spinal loading in
prolonged sitting and standing can be found in section 2.2.2.

Long lasting static postures at work result in limited ambulation, which af-
fects blood circulation and accelerates edema formation, particularly in the low-
er extremities (Akihiko et al. 1996; Chester, Rys & Konz 2002). Prolonged sitting
and standing have also been reported to contribute to insufficient blood and
lymph flow, which cause a series of problems such as leg swelling, discomfort
or pain, varicose veins and skin ulcers (Akihiko et al. 1996; Beebe-Dimmer et al.
2005; Sudot-Szopiniska et al. 2011; Jawien 2003). Muscle and lymph pumps are
activated by intermittent muscle contractions, which is an important mecha-
nism to increase venous blood flow and reduce venous stasis in order to coun-
teract the formation of edema in the lower limbs (Stranden 2000). Immobility
and muscle inactivity are major factors that limit activation of the muscle-
venous pump, and thus lead to more venous stasis and swelling (Stranden
2000). Although both prolonged standing and sitting at work increase the risk
of developing chronic venous disorders, working in a standing posture is asso-
ciated with a higher risk than prolonged sitting (Sudot-Szopiriska et al. 2011). In
general, leg swelling is greater when standing still than when sitting because of
higher hydrostatic pressure, which is the gravitational force exerted by blood
between the heart and the foot. When a stationary standing posture is main-
tained for long periods, high interstitial pressure due to prolonged muscle con-
tractions also leads to increased leg swelling. During prolonged sitting, the
pressure of the chair on the veins in the hip and thigh may be one of the domi-
nant reasons for increased leg swelling, which restricts the blood circulation
(Shvartz et al. 1980; Akihiko et al. 1996; Stranden 2000). Modest leg activity has
been identified as an effective factor to counteract and prevent local edema
formation in the lower limbs, either in standing or seated working postures
(Lin, Chen & Cho 2012; Noddeland & Winkel 1988). While the activation of
lower limb muscles is important, muscles have been shown to be inactive for up
to 90% of a bout of sitting, and the amount of muscle inactivity is even higher
for overweight compared to normal weight people (Pesola et al. 2016).
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2.2.2 Spinal loading

A static posture performed for sustained periods has been regarded as a risk
factor for the development of musculoskeletal disorders, particular back prob-
lems, either in prolonged sitting or standing (Pope, Goh & Magnusson 2002). As
little as half an hour of prolonged sitting has been linked with an increased lev-
el of low back discomfort (Grondin et al. 2013), and sitting time for more than 6
hours per day at work has been associated with chronic low back pain in office
workers (Spyropoulos et al. 2007). Both field (Andersen, Haahr & Frost 2007;
Roelen et al. 2008; Tissot, Messing & Stock 2009) and laboratory studies (Gal-
lagher, Campbell & Callaghan 2014; Marshall, Patel & Callaghan 2011; Sorensen
et al. 2015; Nelson-Wong & Callaghan 2010) have reported that prolonged
standing is related to low back pain, and pain development can occur in back
healthy people while performing light work tasks in standing. Individuals who
develop low back pain during prolonged standing can experience symptoms
within 15 to 45 min (Nelson-Wong & Callaghan 2010; Marshall, Patel & Calla-
ghan 2011). Thus, perceived discomfort and back pain are indicators of overuse
and require appropriate recovery time.

The forces that load the spine have been associated with the risk factors to
develop low back pain (Corlett 2006; Kerr et al. 2001). Loads may be due to
body weight, forces from surrounding muscles and ligaments, intra-abdominal
pressure and any other external load (Todd, Bennett & Christie 2007). Spinal
loading can be summarized as 1) axial forces that apply compression or tension
to the spine along its longitudinal axis; 2) lateral shear forces on the spine (from
side to side); 3) anterior-posterior shear forces that load the spine in the forward
and backward direction; 4) torsional forces that twist the spine. When the im-
posed load exceeds the structure or tissue tolerance, it can cause damage. Pre-
vious studies have suggested that cumulative spinal loading may be associated
with risk of low back disorders at work (Kumar 1990; Coenen et al. 2013; Vieira
& Kumar 2004).

Increased spinal loading can be due to gravity and the shape of the spine.
In an upright standing position, the weight of the upper body produces very
little moment to displace the trunk, where the back extensor muscles generate
an extensor moment to counteract a flexion moment from the spine to maintain
posture. In a standing position, the pelvis is relative in a vertical position. When
sitting down from a standing position, the pelvis rotates backward and lumbar
lordosis decreases. Reduced lumbar lordosis can produce an increased moment
and deformation of the disk itself due to flattening of the lumbar spine, which
contributes to increased disc pressure. Thus, the lowest pressure is found in the
upright straight positon. Furthermore, other support factors can influence disc
pressure, such as seat-back inclination, lumbar support and use of an armrest
(Pope, Goh & Magnusson 2002; Harrison et al. 1999; Corlett 2006). However,
Claus et al (2008) reported that lumbar intradisc pressure in sitting is unlikely to
pose a threat to non-degenerate discs, and that sitting is no worse than standing
for disc degeneration or low back pain incidence. If sitting is a greater threat for
development of low back pain than standing, the mechanism is unlikely to be
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greater disc pressure (Claus et al. 2008). Similarly, several studies have reported
that although posture itself may not be related to low back pain, working pos-
tures in association with other factors such as awkward postures show a signifi-
cant increase in the risk of back injury (Da Costa & Vieira 2010; Bakker et al.
2009). Static muscular contraction may also be an important factor in determin-
ing the postural load, and may be associated with the risk of musculoskeletal
disorders (Wahlstrom 2005; Corlett 2006).

Continuous spinal loading can cause the intervertebral discs to lose height
due to radial bulging of the annulus fibrosus and by expelling fluid from the
nucleus pulposus and annulus fibrosus. Reducing the intervertebral disc height
can decrease its capacity to absorb or transmit forces, whilst also increasing
loading on other structures of the spine, such as facet joints and spinal liga-
ments. Spinal shrinkage has been used in ergonomic evaluation of working sit-
uations to reflect short-term effects of spinal loading (Eklund & Corlett 1984;
Corlett et al. 1987; Van Dieén & Toussaint 1993). Spinal shrinkage is an indica-
tor of intervertebral disc compression, and activities with greater compressive
loads increase spinal shrinkage (Eklund & Corlett 1984; Corlett et al. 1987; Van
Dieén & Toussaint 1993). Spinal shrinkage in moderate physical activity tasks
and their strong correlation has been well documented (Salami et al. 2010). Pre-
vious studies reported that physical work factors are related to increase the load
on the spine, which can reflect to increase the shrinkage of the spinal discs
(Pope, Goh & Magnusson 2002; Kerr et al. 2001). These physical work factors
can be heavy lifting, asymmetric trunk loading, twisted and uncomfortable
work postures, frequent forward bending, and constant bending (Igic, Ryser &
Elfering 2013). For example, there is a high correlation between carrying
weights and spinal shrinkage (Salami et al. 2010). However, few studies have
explored spinal shrinkage across light intensity physical activity tasks in a real
workplace. Previous studies compared the effects of trunk movement and pos-
tural changes on spinal shrinkage in work situations (Paul & Helander 1995;
Van Dieén & Oude Vrielink 1998; Van Dieén, De Looze & Hermans 2001), and
standing has been shown to cause more spinal shrinkage (Van Deursen et al.
2005) or less recovery of shrinkage than sitting (Beynon & Reilly 2001). Alt-
hough there is a lack of normative data on typical workday spinal shrinkage,
standing is associated with increased spinal shrinkage (Igic, Ryser & Elfering
2013), and spinal shrinkage is greater at work performed in a standing com-
pared to a sitting position (Leivseth & Drerup 1997). Thus, suggestions to en-
courage more standing at work should be made with caution.

Work-rest schedule has an impact on spinal shrinkage in standing work
(Paul & Helander 1995; Van Dieén & Oude Vrielink 1998). Previous studies re-
ported that shorter but more frequent standing breaks from sitting may cause
spinal loading (Helander & Quance 1990). After 4 h of sedentary work, shrink-
age was shown to be smallest with two rest breaks of 20 or 40 min compared
with more frequent and shorter breaks (Helander & Quance 1990). Office work-
ers who stood in 30 minute sessions experienced significantly less shrinkage
than those who stood in 15 minute sessions (Paul & Helander 1995). Therefore,
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considering that the effects of a sit-stand paradigm on spinal shrinkage are like-
ly to depend on postural loading and exposure time (Leivseth & Drerup 1997),
it is important that future studies explore suitable sit-stand schedules for regu-
lar changes in posture, with changes occurring throughout the day.

Collectively, both prolonged sitting and standing are associated with po-
tential negative health and musculoskeletal issues. It is well documented that
prolonged sitting may lead to musculoskeletal disorders, such as discomfort,
pain in different body regions, and lower extremity swelling, and prolonged
standing may also lead to low back problems, as well as edema or discomfort in
the lower limbs (Magnusson & Pope 1998; Bernard 1997). Merely changing pos-
ture from sitting to standing may not actually eliminate the fundamental issues
in stationary positions for extended periods from the ergonomic perspective.

In the last few years, a number of studies have been conducted on improv-
ing musculoskeletal health in the workplace. Recent recommendations have
suggested that reducing seated exposure and rotating frequently between sit-
ting and standing can be considered as the solution to sedentary office work
(Callaghan et al. 2015). Based on the underlying ergonomic theory of postural
variation, using a sit-stand workstation to alternate between sitting and stand-
ing postures at work seems to be a promising solution to mitigate work-related
health issues. Further studies about implementing sit-stand workstations into a
real workplace are discussed in the next section.

2.3 Sit-stand interventions: using sit-stand workstations at work

With a rapidly growing market share, height adjustable sit-stand workstations
have been commonly introduced into office settings in recent years. As opposed
to traditional sit workstations or standing only workstations, sit-stand work-
stations aim to reduce sitting and increase breaks due to the possibility to work
periodically from a sitting position or a standing position. Workers can freely
select a sitting or standing position according to their needs and tasks, and ad-
just the desk height easily, which consequently increases standing and oppor-
tunities for movement. Modifying work environment by installation of sit-stand
workstations offers potential strategy to reduce sedentary behavior. Ergonomic
interventions have also included sit-stand workstations for many years and the
majority of evidence focuses on musculoskeletal disorders and work perfor-
mance (Karakolis & Callaghan 2014). Thus, interacting with the ergonomic
field, posture-related musculoskeletal health and work efficiency in the work-
place are still important parameters when evaluating the effects of using sit-
stand workstations regarding reduction of occupational sitting by increasing
standing time.

A systematic review by MacEwen et al. (2015) noted that there are still
substantial gaps in our knowledge regarding the utility of such ergonomic
workstations to reduce sitting time and promote health benefits (MacEwen,
MacDonald & Burr 2015). Tew et al. (2015) performed a search yielding a total
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of 8497 articles, of which only five were studies including sit-stand workstation
interventions. They reported that there was insufficient evidence to draw con-
clusions regarding the effects of installing sit-stand workstations on sedentary
behavior and associated health outcomes (Tew et al. 2015). Both of these sys-
tematic reviews were actually researched before 2014 (MacEwen, MacDonald &
Burr 2015; Tew et al. 2015), and since then, progressive interest in active work-
stations has increased, and further research has expanded the knowledge base
of active workstations, especially sit-stand workstations (Shrestha et al. 2016).
Collectively, it is necessary to provide an overview of existing literature on sit-
stand workstations, with consideration of their use for reducing sitting and the
associated health- or work-related outcomes.

2.3.1 Metabolic benefits

Few studies have examined the effects of using sit-stand workstations on meta-
bolic-related outcomes. Alkhajah et al. (2012) conducted a pilot intervention
study and investigated cardio-metabolic risk factors when using a sit-stand
workstation compared to a sit workstation. They assessed body mass index
(BMI), waist and hip circumferences, body fat composition as well as fasting
total cholesterol, high-density lipoprotein cholesterol, triglycerides, and glucose
levels at baseline and after three-month intervention (Alkhajah et al. 2012).
Along with a reduction in sitting time and increased standing, there was a sig-
nificant increase in high-density lipoprotein cholesterol in the intervention
group compared to the control group, but not others, suggesting that using a
sit-stand workstation may lower the risk of heart/cardiac diseases (Alkhajah et
al. 2012). A study examining the benefits of standing in a real work setting
showed that compared to seated work, continued standing for 185 minutes at-
tenuated postprandial glycemic loading by 43% (Buckley et al. 2014). A similar
modest attenuation of the postprandial glucose response was found in over-
weight/obese office workers who alternated bouts of sitting and standing every
30 minutes during an 8-h period of sedentary work (Thorp et al. 2014). These
results provide encouraging evidence to support the idea that replacing sitting
with standing may provide benefits for metabolic biomarkers. Although find-
ings from experimental studies suggest that the benefits of standing may de-
pend on the duration and accumulation patterns at the individual level (Benatti
& Ried-Larsen 2015), not all studies on standing have elicited metabolic benefits
(Bailey & Locke 2015; Miyashita et al. 2013). For sit-stand interventions to posi-
tively affect cardio-metabolic function, more studies are required to differenti-
ate the independent effects of sitting and standing at work.

As mentioned earlier, standing requires more muscle activity in the lower
extremities than sitting (Hamilton, Hamilton & Zderic 2007). It has been shown
that even short bouts of light muscle activity can improve cardio-metabolic pa-
rameters (Dunstan et al. 2012; Duvivier et al. 2013). Greater muscle inactivity
time was adversely associated with high-density lipoprotein cholesterol and
triglycerides in healthy office workers (Pesola et al. 2015). Given the physiology
of sedentary behavior and its association with health outcomes, some studies
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have paid attention to how reducing sedentary behavior actually affects muscle
activity and inactivity (Tikkanen et al. 2013; Pesola et al. 2015; Pesola et al. 2014)
but the role of muscle activity has not been assessed in the majority of experi-
mental and intervention studies. Collectively, more studies are required to ex-
amine whether there are potential benefits of sit-stand workstations for meta-
bolic health.

2.3.2 Musculoskeletal benefits

A static posture performed for sustained periods is regarded as a risk factor for
the development of musculoskeletal disorders, either in prolonged sitting or
standing. When using a sit-stand workstation, the reduction of sitting time is
reallocated mostly to increased standing (Alkhajah et al. 2012; Healy et al. 2013;
Straker et al. 2013). The effects of increased standing on musculoskeletal health
need to be considered in relation to the feasibility of implementation in a real
workplace. Therefore, in the ergonomic field, adjusting body posture frequently
throughout the workday is a proposed strategy to improve musculoskeletal
health. The effects of a range of interventions have been examined, from those
as basic as adjusting seated position, which is commonly used for “dynamic
sitting”, to more extreme interventions such as changing whole body posture
from sitting to standing and increasing breaks. The wuse of sit-stand
workstations has also been examined in ergonomics for several years, and most
studies have mainly focused on the effects of the sit-stand paradigm (Karakolis
& Callaghan 2014).

A review by Karakolis and Callaghan (2014) identified a total of 14 studies
concerning sit-stand interventions, all of which involved a comparison of out-
come measures between sit-stand work and either prolonged seated work, pro-
longed standing work or both. They found that 12 of the 14 identified studies
observed at least some benefits of using a sit-stand work paradigm (Karakolis &
Callaghan 2014). Seven of the studies reported perceived discomfort scores ei-
ther in local regions, the whole body or both. Apart from one study (Ebara et al.
2008), the other six indicated that implementing sit-stand workstations in an
office environment could lead to lower levels of perceived discomfort, includ-
ing three studies where there was a statistically significant difference between
sit-stand work and sitting only (Husemann et al. 2009; Vink et al. 2009; Hedge &
Ray 2004). Thus, their review concluded that sit-stand workstations are likely
effective at reducing perceived discomfort (Karakolis & Callaghan 2014). Fur-
thermore, using sit-stand workstations enables to change working positions, as
the shifts promote variations at work in both sitting and standing postures
(Toomingas et al. 2012), which is seen as a way to improve musculoskeletal
health (Madeleine 2010; Srinivasan & Mathiassen 2012). However, the major
challenge is to implement a sit-stand work paradigm in a real workplace, where
an optimal ratio of sitting and standing time may or may not have already been
established. Furthermore, there are several researchers who are skeptical about
the effect of sit-stand workstations, as this paradigm did not yield beneficial
effects on musculoskeletal discomfort in a short-term task (Ebara et al. 2008), or
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even in a long-term follow-up study (Saarni et al. 2009). There is an increase in
the risk of work-related musculoskeletal disorders due to lack of education on
how to correctly use the adjustable workstation (Green & Briggs 1989). Ergo-
nomics training combined with a sit-stand workstation has been found to pre-
vent discomfort in office workers (Robertson, Ciriello & Garabet 2013). This in-
dicates that using a sit-stand workstation may require ergonomic support to
reduce incidence of musculoskeletal disorders, and in order to determine the
actual effectiveness of interventions in the workplace. Therefore, it should be
confirmed in an ecological setting whether using sit-stand workstations can ef-
fectively improve musculoskeletal health.

2.3.3 Work performance

Two systematic reviews reported that using a sit-stand workstation does not
cause a decrease in work performance (Karakolis & Callaghan 2014; MacEwen,
MacDonald & Burr 2015). The first one by Karakolis and Callaghan (2014) iden-
tified eight studies including productivity outcomes. They found that three of
these studies reported an increase in productivity during sit-stand work, four
reported no effect on productivity and one had mixed productivity results (Ka-
rakolis & Callaghan 2014). The later review included some more recent studies,
and concluded that work performance in most studies was stable and did not
decrease over time when standing at work (MacEwen, MacDonald & Burr
2015). The previous studies included in these reviews assessed various work
tasks and cognitive performance in both a laboratory setting and a real work-
place, including light repetitive tasks (Hasegawa et al. 2001), intensive comput-
er work (Hedge & Ray 2004), screening signal detection tasks (Drury et al.
2008), computer-based transcription tasks (Ebara et al. 2008), computer data
entry tasks (Husemann et al. 2009), speech quality (Cox et al. 2011), and normal
office work (Alkhajah et al. 2012; Pronk et al. 2012). Straker et al. (2009) com-
pared workstation designs in various conditions including sitting, standing,
walking and cycling while performing computer-based keyboard and mouse
tasks. They found that the performance during standing was not different from
sitting, although it was lower when walking and cycling compared with sitting
(Straker, Levine & Campbell 2009). The lack of negative impact on work per-
formance may be because sit-stand workstations allow the desk surface height
to be adjusted rapidly and safely between sitting and standing positions with
minimal disruption of work performance, which facilitates either a consistent
productivity level or a potential increase. For example, some electronically ad-
justable sit-stand workstations require less than 10 s to adjust desk height.

2.3.4 Feasibility outcomes

Several studies have investigated user experience of sit-stand workstations
while also measuring changes in sitting time in a natural work setting (Alkhajah
et al. 2012; Pronk et al. 2012; Grunseit et al. 2013). Most have reported high usa-
bility and acceptability (Alkhajah et al. 2012; Grunseit et al. 2013). For example,
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Alkhajah et al. (2012) reported that the majority of intervention participants ei-
ther agreed or strongly agreed that the sit-stand workstation was easy to use
(94%), enjoyable (83%) and comfortable (83%) after having used it for three
months. One study comparing seated, treadmill walking, cycling and standing
in each of the workstation conditions found that the standing performed work
was overwhelming the most feasible option when compared to the seated work
(Straker, Levine & Campbell 2009).

As this is a relatively new area of intervention evaluation, only a few stud-
ies have included qualitative data to evaluate the use of sit-stand workstations
in desk-based office workers (Chau et al. 2014a; Grunseit et al. 2013). According
to qualitative feedback from 42 participants who used adjustable sit-stand
workstations for four weeks, the workstation was generally perceived to be ac-
ceptable and feasible (Chau et al. 2014a). Participants were largely motivated to
use sit-stand workstations, mostly because of curiosity, interest in potential
health benefits, and the relevance to their own and their organization’s work
(Chau et al. 2014a). Factors that encouraged or enabled participants to work
whilst standing were a supportive work environment, perceived physical
health benefits, and perceived work benefits (Chau et al. 2014a). A majority of
participants were in favor of using sit-stand workstations in future, although
some cited negative responses related to specific design issues rather than the
act of having to stand at work (Chau et al. 2014a). For further improvement,
some suggestions included to “have more desk space, less movement in the
workstation when in the standing position, and to better adjust the unit for tall-
er participants” (Chau et al. 2014a). Aside from design issues, barriers to using
sit-stand workstations in a standing position included feeling self-conscious
and concern about disturbing others in an open plan office (Chau et al. 2014a).
Grunseit et al. (2013) reported that for the majority of participants, installation
of sit-stand desks throughout a medium sized organization were well received
and resulted in a reduction of self-reported sitting time after three months. The
maintenance of using sit-stand function was strongly driven by perceived
health benefits, improved work productivity and desk setup instructions
(Grunseit et al. 2013). However, they also found that three of 18 participants
had tried using a sit-stand desk in the standing position only infrequently (less
than daily) and one had not tried it at all (Grunseit et al. 2013). A low level of
habitual use of a sit-stand workstation may not be sufficient for sustained re-
ductions in workplace sitting time (Gilson et al. 2012). Interestingly, Wilks et al
found that personnel were generally positive about the sit-stand workstation,
but less than 20% of the workers used the sit-stand function on a daily basis,
and the frequency was even lower among older participants (Wilks, Mortimer
& Nylén 2006). This indicates that some barriers do exist for standing at work
and these should be explored if sit-stand workstations are to be successfully
implemented into the workplace. Furthermore, both quantitative and qualita-
tive results have revealed that participants did not show a particular preference
to adjust sitting or standing for specific work tasks, suggesting that adjustable
sit-stand desks are suitable for a range of office workers whose occupations in-
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volve different tasks (Grunseit et al. 2013). Regarding common usage patterns,
Chau et al. (2014a) reported that most participants used the sit-stand work-
stations for task-based routines, time-based routines, and no particular routine.
Thus, it still poses challenge to transform these results into practical recom-
mendations in a real workplace setting.

Collectively, epidemiological and physiological research on sedentary be-
havior has demonstrated health consequences of excessive sedentary behavior,
which are independent of those attributable to lack of physical activity. With a
particular focus on sedentary behavior at work, modifying the workplace envi-
ronment has been proposed in order to develop effective sedentary reduction
interventions as a new workplace health priority. It has become apparent that
using sit-stand workstations could be a feasible and promising strategy to re-
duce occupational sitting time. For an ecologically valid setting, however, the
question remains whether such interventions with environmental modification
alone can effectively reduce sedentary time and improve health indexes over a
sustained period of time. Moreover, with the rapid evolution towards increased
standing time at work, there is often little consideration of ergonomic or biome-
chanical factors and postural consequences, as well as how workers will re-
spond and utilize the function in the real workplace. Following a thorough
search of current literature, there is growing evidence showing the effects of
using a sit-stand workstation on sedentary time, health- and work-related out-
comes. Despite encouraging findings concerning the practical aspects of their
use, more investigations into the potential positive and negative attributes of
sit-stand workstations are necessary in an ecological setting and in laboratory
studies in order to successfully translate effective interventions into practice.



3 AIMS OF THE STUDY

The purpose of this doctoral thesis was to study whether and to what extent
using sit-stand workstations could reduce sedentary behavior and improve
health indexes in a real workplace. It combined a validation study (I), a 6-month
controlled intervention study (II), a cross-sectional comparison study (II) and a
randomized crossover acute study (IV) to investigate occupational sitting time,
health outcomes (musculoskeletal comfort, spinal loading and muscular
activity), work ability and postural physiology.

It was assumed that intervention-induced changes would effectively
reduce occupational sitting time and improve health indexes in office workers
over a sustained period of time and in an ecologically valid setting. Sit-stand
workstations offer the possibility to reduce sitting time and improve
musculoskeletal comfort, as well as increasing satisfaction and work ability
during sedentary work. Working with a sit-stand workstation could promote
more light muscle activity time and less inactivity without negative effects on
spinal shrinkage. Regarding the acute physiological effects of sitting and
standing at work, it was expected that continued standing compared with
sitting would increase energy expenditure through greater muscle activity in
the lower limbs, reduce glucose response without effects on insulin response,
and increase fat oxidation despite glucose loading. Specific research questions
to be answered were:

1. How valid are questionnaires for assessing occupational sitting time via
long-term recall and short-term daily recall in Finnish and Chinese office
workers? (I)

2. What are the effects of providing sit-stand workstations in an ecological
setting on occupational sitting time, musculoskeletal comfort, work
ability and user experience? (II)
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3. How do patterns of muscle activity and spinal shrinkage differ between
users of sit-stand workstations and those using standard sit
workstations? (III)

4. What are the acute physiological effects on energy expenditure, muscle
activity and metabolism when standing instead of sitting at work? (IV)

In all studies, the PhD candidate was involved in the planning phase,
conceiving and designing of the studies together with the research teams. She
was responsible for translating the questionnaire to Chinese, was solely
responsible for recruiting the participants, performing all data collection,
analyzing the data, and drafting and writing the papers.



4 METHODS

4.1 Participants

The main part of the study was carried out in the Faculty of Health and Sport
Sciences, University of Jyvaskyld between 2012 — 2016. Research work was
mainly done in Finland, but part of the data was also collected in China. The
flow chart of the recruitment and study sample is shown in Figure 1.
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FIGURE1 Flow chart of the recruitment and study sample.

Baseline characteristics of eligible participants for each study are presented in
Table 1. Detailed descriptions of participants and recruitment are given in the
relevant articles (I — IV). Employees working in the faculty (n = 170) were asked
to fill out a web-based questionnaire. The baseline questionnaire was returned
by 92 employees and the 6-month follow-up questionnaire by 61 employees.
Those who completed the questionnaire only once were excluded, leaving 45
individuals who were finally included in Study II. Those who completed the
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follow-up questionnaires were asked to participate in objective measurements
while additional volunteers were also recruited giving a total sample of 70 par-
ticipants in Study I, which included a Finnish sample (FIN, n = 34, 82% Finnish)
and a Chinese sample (CHI, n = 36, 100% Chinese). Of the FIN group, 24/34
participants were finally included in Study III with sufficient data from objec-
tive measurements. For Study IV, 18/29 participants were healthy middle-aged
females who met the inclusion criteria. Their age ranged from 40 to 65 years
old, a factor that contributes to a heightened diabetes risk (Dunstan et al. 2002).

4.2 Ethics

Ethical approval for Studies I, II, and III was received from the Ethics Commit-
tee of the University of Jyvaskyla (19/10/2012). The trial registration number
was ISRCTN43848163 for Study II. Ethical approval for Study IV was granted
by the Ethics Committee of the University of Jyvaskyld (27/3/2015). Partici-
pants were informed about the procedures, as well as the risks and benefits of
the studies, and all of them provided written informed consent before any
measurements. Participants were volunteers with the right to withdraw from
the study at any time without specifying a reason and without consequences.
No monetary incentive was offered to the participants.



TABLE 1 Baseline characteristics of study participants.

Study I Study II Study III Study IV
FIN CHI Intervention Control Sit-Stand Sit

N 34 36 24 21 10 14 18
Age (years) 39.6+115  269+4.6 478 +10.8 39.0+8.5 41.0+115 353+95 494+79
Height (cm) 1705+8.6  166.3+7.9 168.7+102  168.0%7.9 1702+6.9 169.8+7.5 164.6 7.2
Body mass (kg) 68.2+10.8 58.6+12.4 70.6 £12.6 65.7+11.9 674+10.7 69.6+10.8 632+738
BMI (kg/m?) 234+25 21.0+3.0 248+39 23.3+3.8 23.2+34 24.0+25 234+28
Proportion of females 58.8 (20) 58.3 (21) 70.8 (17) 81.0 (17) 60.0 (6) 57.1 (8) 100.0 (18)
Education

below college level 0.0 (0) 0.0 (0) 8.3 (2) 0.0 (0) 0.0 (0) 0.0 (0) 16.7 (3)

college or university level 59(2) 73.5 (25) 25.0 (6) 9.5 (2) 0.0 (0) 7.1 (1) 16.7 (3)

academic graduate level 94.1 (32) 32.4 (11) 66.7 (16) 90.5 (19) 100.0 (10) 92.9 (13) 66.7 (12)
Self-rated health

very good or rather good 88.2 (30) 38.9 (14) 70.8 (17) 76.2 (16) 100.0 (10) 85.7 (12) 88.9 (16)

average, rather poor or very poor 11.8 (4) 61.1 (22) 29.2(7) 23.8 (5) 0.0 (0) 14.3 (2) 11.1 (2)
Use of sit-stand workstation 38.2 (13) 0.0 (0) 100.0 (24) 0.0 (21) 100.0 (10) 0.0 (14) 38.9 (7)

Data are shown as Mean * SD or % (number); Height, body mass and BMI were obtained from questionnaires in Studies I and II, and objectively
measured in Studies III and IV.
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4.3 Study designs

The main characteristics of Studies I, II, III and IV are outlined in Table 2. For
detailed study protocols please see the original articles.

TABLE 2 Characteristics of Studies I, II, IIl and IV.
Study Setting Explanatory variables Main outcome variables
1 Validation Questionnaire, Daily recall, ~Occupational sitting time, Validity,
Accelerometry Day-to-day variation of occupa-
tional sitting time
11 Intervention  Questionnaire Occupational sedentary behavior,

Musculoskeletal comfort, Work
ability, User experience of the sit-
stand workstation

111 Comparison Questionnaire, EMG shorts, Occupational sitting time, Quadri-
Stadiometry ceps and hamstring muscle inactivi-
ty and activity time, Spinal shrink-
age
v Acute exper- Surface EMG, Indirect calo- Muscle activity level, Energy ex-
iment rimetry, Venous blood penditure, Metabolic markers
samples

The validation study (I) assessed the validity of two brief instruments for meas-
uring occupational sitting time. It evaluated the criterion validity of an internet-
administered questionnaire (regarding the past 3-months sitting) and daily re-
call (regarding sitting within the past day, on five consecutive days) to assess
long-term and short-term occupational sitting time, respectively, by comparing
their results with thigh-mounted accelerometry in Finnish and Chinese office-
based workers.

The intervention study (II) used a 6-month controlled intervention design
with one intervention group and one control group in a real-world, natural set-
ting. Part of the faculty personnel had recently moved to a renovated building,
which was furnished with sit-stand workstations. Prior to this move, they
worked in similarly furnished offices as the faculty members who continued to
work in the original buildings, which were equipped with traditional sit work-
stations. Individuals who used sit-stand workstations during the 6-month in-
tervention period comprised the intervention group. They were given brief ver-
bal instructions on how to operate the workstation, but no other instructions or
counselling. Faculty personnel who used traditional sit workstations through-
out the study formed the control group. The study examined the effects of an
environmental change on occupational sedentary behavior, musculoskeletal
comfort and work ability, and the usability of sit-stand workstations in office
work via the self-reported questionnaire.

The cross-sectional comparison study (III) was performed in a real work
environment and participants were assessed during one workday whilst per-
forming normal office tasks. The study compared the activity of lower extremi-
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ty muscles and spinal shrinkage between office workers who used either a sit-
stand workstation or a traditional sit workstation. Quadriceps and hamstring
muscle inactivity and activity time, and spinal shrinkage, were assessed during
one normal workday in an ecologically valid setting.

The randomized crossover controlled study (IV) was conducted in a la-
boratory setting. The timeline of this study is shown in Figure 2. Briefly, after a
preparatory phase of quiet siting for 45 minutes, participants performed two
hours of desk work either sitting or standing (on separate measurement days, a
minimum washout of six days) after overnight fasting. Surface electromyogra-
phy, respiratory gas exchange and venous blood samples were assessed follow-
ing glucose loading (75 g). Acute physiological responses to two hours of sitting
and standing were also assessed including muscle activity, energy expenditure,
fat and carbohydrate oxidation, glucose tolerance and insulin response after
glucose loading.

Quiet sitting for 45 minutes lCominuous sitting/standing at desk work for 120 minutes |
Preparatory phase 0 xl'mn 30 |mm 60 |m1n 90 min 120|mjn
Blood samples 1 1 t t
Glucose loading (75g) t

EMG
HR
Indirect calorimetry

FIGURE 2 Timeline of the measurement day. After the preparatory phase (45 minutes
quiet sitting), fasting blood samples were taken before glucose loading (0 min).
Blood samples were then retaken at 30, 60, and 120 min.

4.4 Sit-stand workstations

In this project participants used electronically adjustable sit-stand workstations
(ISKU, Finland), which are designed to allow workers to sit and stand
autonomously while working (Figure 3 a). They can be placed in various and
versatile environments, and have a maximum allowed load (100 kg) capacity
perfectly suitable for normal office use. The desk is 180 cm long and 80 cm wide,
and can be adjusted from 63 cm to 128 cm relative to the ground. In Figure 3 b,
the workstation is adjusted for standing work at a height of 100 cm. An
adjustment panel on the side of the desktop has two buttons for upward and
downward movement (Figure 3 c). There is an electrical engine system installed
under the desk (Figure 3 d), which powers height adjustments when the
buttons are pressed. There is a storage basket for wires and a place to fix a
desktop computer under the desk. With these sit-stand workstations, workers
can select a sitting or standing position depending on their needs, which
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consequently increases opportunities for body movement. In particular,
standing up from a seated position can break up prolonged sitting and reduce
sitting time.

FIGURE 3  Electronically adjustable sit-stand workstation (ISKU, Finland). The participant
used a sit-stand workstation for office work (a). The workstation was adjusted
for standing work at a height of 100 cm (b). Adjustment panel with two buttons
for height adjustments (c). Electrical engine system and storage basket for
wires (d).
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4.5 Measurements and data analysis

4.5.1 Basic characteristics

Participants” socio-demographic, work-related and health-related characteristics
were collected based on questionnaires. In Studies III and IV, participants’
height and body composition (InBody 720, Biospace Ltd, Seoul, Korea) were
measured in a fasted condition yielding body mass, skeletal muscle mass, body
free fat mass, body fat mass, percent body fat, waist-to-hip ratio and BMI.

4.5.2 Questionnaires

The Internet-administered questionnaire was implemented electronically using
MrInterview (SPSS DimensionNet) in Studies I, II and III. This system was
based on the E-mail distribution of a link to the actual survey and replies via a
web browser on the Internet. The questionnaire included a total of 65 questions
in the first wave (Finnish version) and 43 questions in the second wave (Finn-
ish, English and Chinese versions). It covered background factors, computer
use, sedentary time, physical activity level (Haskell et al. 2007), perceived health
and musculoskeletal comfort (Price et al. 1983), and self-rated work ability
(Tuomi et al. 1998). For example, the Internet-administered questionnaire posed
the question "How much of your entire workday, on average, did you sit dur-
ing the last 3 months? (0-100% of worktime)" (long-term recall). The daily recall
of occupational sitting time, which was assessed after each workday, involved a
single-item question: "How much of your entire workday, on average, did you
sit today? (as a percentage 0-100%)" (short-term recall). In Study II, data con-
cerning some missing responses were excluded (n =1 or n = 2/variable), and
for the leisure sitting time missing data and responses over 8 hours were ex-
cluded (n = 4).

In Study IV, the background questionnaires were completed on paper. In
addition, physical fitness was assessed with a non-exercise questionnaire
(NASA/]JSC Physical Activity Scale during the last month; PA-R-1m) (Ross &
Jackson 1990).

4.5.3 Diaries

Daily activity logs were used during work hours in Studies I and III. Partici-
pants filled in the time they came to/left the office, the exact time when they
put on/took off the device and other events, e.g. toilet visits. If participants re-
moved the device during work time, this information was also to be marked
down in the log, accompanied by the reasons. In addition, participants were
asked about the type of their workstation, and those who used a sit-stand work-
station were required to mark down the time when it was used to sit/stand at
work. In Study 1V, the logs were kept during waking hours only to mark down
the device wear/nonwear time and sleep time.
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Food diaries were assessed one day before the measurements in Study 1V,
including time of meals, and volume and type of food and drinks consumed.
They were also instructed to obey the same diet the day before the second
measurement day. Dietary records were analyzed using web-based dietary re-
call (Nutri-Flow Oy, 2015, http:/ /nutri-flow.fi/, Finland) to determine energy
intake and macronutrient content including fat, protein and carbohydrate. This
was used to confirm that the two measurement days were preceded by similar
energy intake and macronutrient contents.

454 Accelerometry

A triaxial accelerometer (X6-1a, Gulf Coast Data Concepts Inc., Waveland, MS,
USA) was used in Studies I and IV. The accelerometer was thigh-mounted to
assess occupational sitting time during work hours in Study I and waist-
mounted to monitor daily physical activity during waking time in Study IV.

In Study I, the accelerometer was secured to the mid-anterior thigh using a
flexible bandage (Pharmacare SPORT, Oriola Oy, Finland) for five consecutive
work days representing a typical work week, except when sick or not at work.
Thigh-mounted accelerometer data, recorded during the same days as the daily
activity log, were used to classify an individual's activity into sitting or activity
(standing/walking), and to calculate these values as % of recorded work time.
The initial utilities setting of the accelerometer was low gain (+/- 6 g) at a sam-
pling frequency of 20 Hz with 16 bit resolution (sensitivity at 0.000183105 g),
and the internal clock of the accelerometer was synchronised with a local online
computer. All data analysis was performed using a custom-made script called
OpenSALTO (https:/ /github.com/mhavu/OpenSALTO), where data were
transformed into a polar coordinate system. Inclination in the sagittal plane was
low-pass filtered with 1 Hz cutoff. Sitting and upright positions (stand-
ing/walking) were discriminated on the basis of the angle of inclination of the
thigh relative to gravity. A threshold of 45° from horizontal was set for the tran-
sition from sedentary to upright posture or the reverse, as done previously
(Skotte et al. 2014). The analysis was set to detect a given posture with a mini-
mum 5 s duration. This method is highly valid for classifying body postures to
measure sitting time in adults by comparison with direct observation (mean
difference of 0.19%, limits of agreement: -0.68% — 1.06%), both in the laboratory
(Grant et al. 2006) and in the free-living setting (Kozey-Keadle et al. 2011; Lyden
et al. 2012). The method was also confirmed in pilot tests to work accurately
with the device used in the present study. All results were exported to Mi-
crosoft Excel with date- and time-stamped information, where non-wear time
was discarded based on individually reported non-wear episodes in their logs.
Data were considered valid if participants wore the accelerometer for at least
three work days during working hours, which is considered to be sufficient to
determine habitual physical activity among adults (Trost, Mciver & Pate 2005).
Accelerometer data were compared on a day-to-day basis with short-term recall
results so that 3 — 5 comparisons were performed for each participant, while the
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questionnaire for long-term recall was compared to the accelerometer data av-
eraged over the measurement days.

In Study 1V, the accelerometer was carried on the right side of the waist in
a firmly worn adjustable elastic belt for two days before each measurement day.
Individuals were asked to wear the device during waking hours, except water
based activities. A resultant vector .f/x2 4+ »Z + zZof the triaxial accelerometer
signal was calculated, band pass filtered (0.25 Hz to 11 Hz), and values below
0.05 g were threshold filtered. Integration and filtering of accelerometer signals
were performed in MATLAB software (MathWorks, MA, USA). In the present
study, data were converted into general count values in 1-min epochs with ac-
celerometer counts less than 100 counts/min classified as sedentary time, 101-
1952 counts/min as light-intensity activity, and more than 1952 counts/min as
moderate-to-vigorous intensity activity (Freedson, Melanson & Sirard 1998).

455 Stadiometry

In Study III, the stadiometer was designed to measure stature with 0.01 mm
accuracy (measuring range of 158 to 191 cm) in a standing posture whilst partic-
ipants leaned on a frame tilted back 15° from the vertical (Rodacki, Cintia de
Lourd Nahbhas et al. 2001). Individually preset posture of the spine at levels of
C4 (cervical lordosis curve), T8 (thoracic kyphosis) and L3 (lumbar lordosis
curve) with adjustable support enabled precise control of the depth of each spi-
nal contour when measured before and after the workday (Figure 4).

FIGURE 4 A stadiometer (University of Jyvaskyld, Finland) was used to assess stature
twice at the beginning and end of the work day.
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Stature was taken as the average of the last two 30 s measurements sampled at
20 Hz. Pre-post work time stature loss was calculated and used to reflect spinal
shrinkage during the workday (Leivseth & Drerup 1997). In Study 1II, the aver-
age standard deviation of the repeated stature measurements was 0.19 + 0.08
mm for before work measures and 0.21 + 0.11 mm for after work measures.
Thus, the repeatability of the measures was considered acceptable (Rodacki,
Cintia de Lourd Nahhas et al. 2001; Healey et al. 2005). In Figure 5, example
stadiometer data from one participant are shown, including three 30 s record-
ings.
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FIGURE5 Stadiometer values for one participant; three bouts of 30 s are shown.
4.5.6 Electromyography

Textile surface EMG. In Study III, EMG shorts were used to assess quadriceps
and hamstring muscle activity during work hours. The shorts were made of
knitted fabric similar to elastic clothes, into which textile EMG electrodes were
embedded in order to measure EMG from the skin surface (Myontec Ltd,
Kuopio, Finland). Electrodes were positioned in a bipolar configuration over
the muscle bellies of the left and right quadriceps and hamstring muscles. Raw
signals were pre-processed and stored in a small waist-mounted module (Finni
et al. 2007). These EMG shorts have been tested previously for validity,
repeatability and feasibility, and a detailed description of the recording devices
has been reported (Finni et al. 2007). Adequate repeatability and consistency of
EMG signals, both day-to-day and within-day, have been shown in the
laboratory and reported in previous studies during normal daily life (Tikkanen
et al. 2013; Pesola et al. 2015).

The EMG signals from quadriceps and hamstring muscles were normal-
ized channel by channel to EMG values measured during submaximal walking.
Averaged EMG data were used from 10 consecutive step cycles during over-
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ground walking along a 30 m walkway measured at individually preferred
speed (4.1 £ 0.4 km/h). In order to reflect the overall inactivity and activity pe-
riods, normalized data were averaged to produce mean thigh muscle EMG. The
inactivity threshold was set individually at 90% of the mean EMG amplitude
measured during standing for 10 s, in accordance with previous studies (Tik-
kanen et al. 2013; Pesola et al. 2015). The threshold for light and moderate-to-
vigorous intensity was defined individually as the mean EMG value during
normal walking. Mean EMG amplitudes from the reference tests and thresholds
for different activity levels are shown in Figure 6.

450
400
350
300

250
~ Moderate and Vigorous

ﬁg | (> normal walking)
100
90
80 -
70 -
60
50
jg Light
S0 | (>90% of standing) i i i
10 -
0 | — ; ; ‘ ;

Lying down Sitting Standing Leaningon Leaningon  Walking Squatting
right hip left hip

Muscle activity (% EMG walking)

(=]

FIGURE 6 Mean EMG amplitudes from the reference tests and thresholds for different

activity levels (Mean + SD). Inactivity was defined as EMG amplitude below
90% of standing EMG and moderate-to-vigorous activity was defined as EMG
amplitude above preferred walking speed (4.1 = 0.4 km/h). These thresholds
were determined for each participant individually. Average normalized mus-
cle activity values from lying down, sitting, standing and squatting with body
weight were 2.2 +1.5%, 3.6 £2.6%, 19.5 +10.7% and 287.1 +123.2% of walking
EMG, respectively.

Occasional artifacts (e.g. toilet visits) were manually removed from all channels.
If an EMG artifact was longer than 30 minutes, the particular channel was re-
moved from the analysis. In total, 2.5% of recording time was visually consid-
ered to be artifact and removed from 78 channels of 24 participants” data. Sig-
nals were corrected for possible baseline drift using a moving 5 minute window
(Tikkanen et al. 2013). The normalized, averaged, artifact-free EMG data were
further processed using a custom-made Matlab script (MATLAB, MathWorks,
Massachusetts). Based on the thresholds, signals were analyzed for total muscle
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inactivity duration (min), total muscle activity duration (min), light and moder-
ate-to-vigorous muscle activity duration (min), duration of the five longest con-
tinuous inactivity periods (min), and number of activity bursts throughout the
workday, as described previously (Tikkanen et al. 2013; Pesola et al. 2015).

Typical surface EMG. Typical surface EMG was used in Study IV to assess
the activity of back and lower limb muscles throughout the measurements.
Standard electrode placement and skin preparation procedures were used
(Hermens et al. 2000). Bipolar electrodes (Ag/AgCl, Ambu White Sensor,
4500M, USA) were attached unilaterally on the right side over the following
muscles: thoracic erector spinae (TES), lumbar erector spinae (LES), lumbar
multifidus (LM), biceps femoris (BF), vastus lateralis (VL), tibialis anterior (TA),
gastrocnemius medialis (GM) and soleus (SOL), all with an inter-electrode dis-
tance of 20 mm. EMG amplitude was normalized channel by channel and ex-
pressed as a percentage of that during walking at 5 km/h on a treadmill
(%walk). The signals were collected using ME6000 Biomonitor, and root mean
square values from the raw EMG data were computed with Megawin software
(Mega Electronics Ltd, Kuopio, Finland). In order to reflect the overall muscle
activity level, normalized data from different muscles were averaged to pro-
duce mean overall muscle activity. In addition, mean back muscle activity of
TES, LES and LM, mean thigh muscle activity of BF and VL, and mean leg mus-
cle activity of TA, GM and SOL were calculated.

4.5.7 Indirect calorimetry and heart rate

In Study 1V, participants breathed through a facial mask equipped with ventila-
tion sensors and gas sampling tubes (Figure 7). Ventilation, oxygen consump-
tion (VO2) and carbon dioxide production (VCO) were measured breath by
breath with a Jaeger Oxycon Pro and LabManager 3.0 software (Viasys
Healthcare Gmbh, Hoechberg, Germany). The measurement system was cali-
brated before each measurement and standardized for barometric pressure,
temperature and humidity. Outputs of ventilation, breathing frequency, VO,
VCOz, VO2/kg, respiratory exchange ratio (RER) and absolute metabolic equiv-
alent were collected and averaged over 30 s intervals for data analysis. Energy
expenditure (EE) and the percentage of fat and carbohydrate usage for energy
production were calculated using respiratory quotient values, with correspond-
ing caloric equivalent values (without protein) and oxygen uptake (McArdle,
Katch & Katch 2010, 186-188). For the preparatory phase, a moving average was
analyzed over 15 minute periods. The lowest values were taken to represent a
steady state, where the mean resting energy expenditure was 0.9 + 0.1
kcal/min, and ratios of fat and carbohydrate usage were 60.0 + 10.8%EE and
40.0 = 10.8%EE, respectively. During sitting and standing work the periods
where the mask was removed were discarded, and the mean values of both 2 h
conditions were calculated for the main variables.
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FIGURE 7 Participants performed two hours desk work either in sitting (a) or standing (b)
postures after a glucose loading.

Heart rate (HR) was measured using a heart rate belt (Polar Electro Oy, Fin-
land) with a Polar RS800CXtm wrist computer. HR was recorded every 5 s for
the duration of the measurement and averaged over the 2 h measurement peri-
od.

45.8 Venous blood samples

In Study IV, venous blood samples were collected and analyzed using stand-
ardized clinical procedures for serum lipids and glycerol, plasma glucose
(Konelab 20 Xti, Thermo Fisher Scientifi Oy, Vantaa, Finland), and serum insu-
lin and cortisol (Immulite 2000 Xpi, Siemens Healthcare Diagnostics., United
Kingdom). The intra-assay coefficients of variation were 2.4% for triglycerides,
1.7% for glycerol, 2.8% for fat free acids (FFA), 7.8% for cortisol, 1.7% for glu-
cose, and 4.2% for insulin.

From fasting blood (0 min), total cholesterol, high- (HDL-C) and low-
density-lipoprotein cholesterol (LDL-C), triglycerides, glycerol, FFA, cortisol,
glucose and insulin were analyzed. After glucose loading, the blood samples
were analyzed for triglycerides, glycerol, FFA, cortisol, glucose and insulin at
several time points (30, 60 and 120 min). The few missing samples (n =1 at 30
min and n =1 at 60 min) were interpolated using the best fit of a second degree
polynomial through the other sample points available from the same individu-
al. The total area under the curve (tAUC) and the net incremental area under
the curve (IAUC) of a 120 minute period were calculated for glucose, insulin,
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triglycerides, glycerol, FFA and cortisol using a trapezoidal approximation of
area under the curve, where tAUC was calculated from the zero level and iAUC
from the fasting level.

4.6 Statistical analyses

Standard measures such as mean, standard deviation (SD), percentage and
range were used for descriptive evaluation of the data unless otherwise
indicated. Tests of normality (Shapiro-Wilk) were applied. Statistical analyses
were conducted using IBM SPSS for Windows 22.0 (SPSS Inc., Chicago, IL,
USA). A probability level of p < 0.05 (two-tailed) was considered statistically
significant.

For day-to-day variability of occupational sitting time, coefficients of vari-
ation (CV) were calculated. Spearman’s rho (rs) with 95% confidence interval
(CI) using Fisher transformation and Bland-Altman method with 95% limits of
agreement (+1.96 SD) (Bland & Altman 1986) were used (I). The strength of cor-
relation was interpreted as weak (< 0.30), low (0.30 — 0.49), moderate (0.50 —
0.69), strong (0.70 — 0.89) or very strong (= 0.90) (Pett 1997). Repeated measures
analysis of variance (ANOVA) was used to assess the effects of the 6-month in-
tervention (II). When ANOVA revealed significant effects, least significant dif-
ference post-hoc multiple comparison was used to localize the difference. Dif-
ferences between groups were tested with independent t-tests (normally dis-
tributed data) or Mann-Whitney U (non-normally distributed data) for continu-
ous variables, and chi-square test or chi-square test with Fisher’s exact test for
categorical variables (I, II, III). Paired t-tests (normal data) or Wilcoxon signed
rank test (non-normal data) were used to assess differences in baseline assess-
ment variables and the condition effects within participants (IV). In addition,
Spearman’s correlation coefficient was used to assess the strength of correla-
tions: 1) between changes in sitting time and standing time, and between
changes in sitting time and perceived musculoskeletal comfort (II); 2) between
muscle activity and potential parameters including metabolic responses and
energy expenditure (IV).



5 RESULTS

The main results of this thesis are presented in this section. For more details the
original articles should be consulted.

5.1 Daily occupational sitting time (Study I)

Valid accelerometer data for at least three work days were obtained from 68
participants (78% completed five work days). In total, data were analyzed from
322 days (FIN: 162 days and CHI: 160 days). The results of occupational sitting
time between FIN and CHI group are presented in Table 3. The length of
recorded work time averaged 455.4 + 61.0 mins per work day in the total
sample, and there was no difference between groups. No differences were
found in long-term or averaged daily short-term recall of occupational sitting
time between groups, however FIN group had ~7% less sitting time according
to accelerometer data (p = 0.017). Furthermore, ~39% of Chinese participants
reported that they removed the device on at least one work day due to work-
rest schedules (e.g. noon nap) for an average of 101.5 + 48.4 min (range 17 — 204
min) per day per person. None of the CHI group used a sit-stand workstation,
whereas ~38% of participants in the FIN group did.

TABLE 3 Self-reported and objectively measured occupational sitting time in the
FIN and CHI groups.

Total (n=70)  FIN (n=34) CHI (n=36) p-values

Long-term recall (%) 79.0+13.5 76.2+14.7 81.8+11.8 0.120
Short-term recall (%) 79.3+14.3 77.3+16.4 81.2+12.0 0.309
Accelerometer measured (%)* 76.6+12.4 73.2+12.8 80.1+11.1 0.017
Recording time (minutes)* 455.4+61.0 44734547  463.5+66.6 0.280

Data are shown as Mean + SD; # Missing n = 2 in CHI group. Significance level is indicated
in bold.
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The day-to-day variation was 9.4% + 11.4% for short-term recall and 10.4% *
8.4% for accelerometer measured occupational sitting time for the total sample.
Figure 8 shows subject-specific differences between daily short-term recall and
accelerometer measured occupational sitting time. FIN group exhibited higher
day-to-day variation in both short-term recall (12.8% + 14.1% vs. 6.3% * 6.8%, p
= 0.012) and accelerometer based sitting time (13.3% + 10.0% vs. 7.6% = 5.2%, p
= 0.012) than CHI group. No absolute difference was found between long-term
and averaged daily short-term recall occupational sitting time (p = 0.815).
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FIGURE 8 Differences between averaged daily short-term recall (triangles) and accel-
erometer measured occupational sitting time (squares) for each participant.
Data are organized according to the amount of objectively measured sitting
time so that participants who sat the most are on the right side and those who
sat the least are on the left. Standard deviations denote day-to-day variation (3
- 5 workdays) in occupational sitting time. Dashed arrows indicate partici-
pants who used adjustable sit-stand workstations. o Finnish group, accelerom-
eter data; A Finnish group, daily recall; m Chinese group, accelerometer data; A
Chinese group, daily recall.
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5.2 Validity of self-reported sitting time at work (Study I)

The questionnaire for long term recall and accelerometer measured sitting time
at work correlated in the total study sample (rs = 0.532, 95%CI = 0.336 - 0.684, p
< 0.001), as well as in FIN group (rs = 0.450, 95%CI = 0.132 - 0.684, p = 0.008)
and CHI group (rs = 0.515, 95%CI = 0.214 - 0.727, p = 0.002). Similarly, short-
term recall and accelerometer measured sitting time for each work day correlat-
ed in the total study sample (rs = 0.533, 95%CI = 0.449 - 0.607, p < 0.001), in FIN
group (rs = 0.600, 95%CI = 0.491 - 0.691, p < 0.001), and in CHI group (rs = 0.459,
95%CI = 0.326 - 0.574, p < 0.001).

Figure 9 and Figure 10 show Bland-Altman plots for long-term and daily
short-term recall, and accelerometer measured occupational sitting time for the
total study sample separated by groups, respectively. The mean difference be-
tween long-term and averaged accelerometer measured results was 2.4%
(95%CI = -0.5% - 5.3%, p = 0.091) for the total sample, 3.0% for FIN group
(95%CI = -1.6% - 7.5%, p = 0.180) and 1.8% for CHI group (95%CI = -2.1% -
5.6%, p = 0.293). The agreement level was generally within the -21.2% to 25.9%
range (+1.96 SD). Similarly, the mean difference between each short-term recall
and the corresponding daily accelerometer measured value was 2.2% (95%CI =
0.7% - 3.6%, p = 0.005) for the total sample, 4.0% for FIN group (95%CI =1.8% -
6.2%, p < 0.001) and 0.3% for CHI group (95%CI = -1.7% - 2.2%, p = 0.807).
Agreement levels were generally within the -24.2% to 28.5% range (+1.96 SD).
There were no correlations between the difference in self-reported vs. accel-
erometer measured sitting time and average occupational sitting time except for
the FIN group where positive correlation between short-term self-reported vs.
accelerometer measured sitting time and average occupational sitting time (rs =
0.203, p = 0.010).
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FIGURE 10 Bland-Altman plot of absolute agreement of occupational sitting time for all
participants’ data separated by groups. The y axis shows the difference be-
tween daily short-term recall and accelerometer measured occupational sitting
time as a percentage of work time on each day. The x axis is the average of
them (%). The solid line represents the mean and the dashed lines represent the
95% limits of agreement (£1.96 SD). o Finnish group; m Chinese group.
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5.3 Intervention effectiveness (Study II)

5.3.1 Changes in occupational sedentary behavior

Table 4 shows changes in sitting time for the intervention and control groups
six months after sit-stand workstations were installed. At baseline, no signifi-
cant differences were observed between groups. When comparing the interven-
tion and control groups, repeated measures ANOVA revealed a group*time
interaction in work time spent sitting (-6.7 + 17.2% vs. 5.0 £ 14.6%, p = 0.019),
work time spent standing (6.5 £ 15.8% vs. -3.6 £ 11.6%, p = 0.021), and computer
work time spent standing (11.6 £ 16.6% vs. -0.5 £ 2.2%, p = 0.002), but no signifi-
cant effect for computer sitting time (-11.0 £ 19.2% vs. -0.7 + 26.5%, p = 0.144) or
total leisure sitting time (-0.1 £ 1.0 h vs. 0.1 £ 0.6 h, p = 0.591). Pairwise compari-
sons showed that sitting time at work decreased by 6.7% (p = 0.048) and stand-
ing time during computer work increased by 11.6% (p < 0.001) in the interven-
tion group, both of which were significantly different from the control group at
6 months (p = 0.007 and p < 0.001, respectively). Furthermore, in the interven-
tion group, standing time during the whole work day increased (p = 0.003) and
sitting time as a proportion of computer work time decreased (p = 0.026). Re-
duction in sitting time was significantly associated with an increase in standing
time (rs = -0.719, p < 0.001).

TABLE 4 Sitting time in intervention and control groups. Values correspond to the
mean (+ SD) percentage of work time spent sitting and standing, the per-
centage of computer work time spent sitting and standing, and average
leisure sitting time in hours.

Intervention group Control group Group*time
Baseline 6 months Baseline 6 months  p-values?
Sitting time (%) 75.5%15.9 68.9+16.2" 76.0£19.9 81.0+11.9% 0.019
Standing time (%) 14.2#9.0 20.7#14.9" 17.5%¥19.8 13.9+13.0 0.021
Computer sitting time (%) 89.2415.0 78.2+17.9" 86.7+19.2  86.0+20.1 0.144
Computer standing time (%)  2.848.7  14.4#16.0" 0.5%2.2 0.00.0# 0.002
Leisure sitting time (hours) 3.1+0.8 3.0+0.7 2.620.9 2.6£0.9 0.591

a Repeated measures ANOVA for the group* time interaction effect. Significance levels are
indicated in bold.

# Significant difference between groups at 6 months.

* Significant difference within-group between baseline and 6 months.

5.3.2 Changes in musculoskeletal comfort and work ability

When comparing the intervention and control groups, repeated measures
ANOVA revealed a group*time interaction in perceived musculoskeletal com-
fort in the neck and shoulders (-0.3 £ 0.9 vs. 0.3 £ 0.9, p = 0.028), as well as work
ability (0.3 £0.6 vs. -0.4 £ 1.0, p = 0.022) (Table 5). Pairwise comparisons showed
that perceived discomfort values in the intervention group were significantly
lower in the neck and shoulders compared to the control group at 6 months (2.7
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£0.9vs.3.3+0.9, p=0.024). From baseline to follow up, no significant changes
were observed in the control group, whereas a significant decrease in discom-
fort values was observed in the lower limbs in the intervention group (3.2 + 0.8
to 2.7 £ 0.8, p = 0.020). Correlation analysis showed that reduction in sitting
time was significantly associated with increased back comfort (rs = 0.344, p =
0.024). Other correlations were not significant.

TABLE 5 Musculoskeletal comfort and work ability in intervention and control
groups. Perceived musculoskeletal comfort (Mean + SD) for different
body parts was rated from 1 (very comfortable) to 5 (very uncomforta-
ble). Perceived work ability at its best was rated from 0 (completely una-
ble to work) to 10 (work ability at its best).

Intervention group Control group Group*time
Baseline 6 months Baseline 6 months  p-values?

Musculoskeletal comfort

Neck and shoulders 3.0£0.7 2.740.9 3.0£1.0 3.3+0.9% 0.028
Upper limbs 2.8+0.6 2.74£0.9 3.0+1.0 3.1£0.8 0.663
Back 3.0£0.6 2.740.8 3.0£1.0 3.1£0.9 0.348
Lower limbs 3.2+0.8 2.7+0.8* 2.9+0.8 2.9+0.9 0.153
Work ability 8.4+1.2 8.7+0.9 8.5+0.9 8.2+1.0 0.022

a Repeated measures ANOVA for the group* time interaction effect. Significance levels are
indicated in bold.

# Significant difference between groups at 6 months.

* Significant difference within-group between baseline and 6 months.

5.3.3 Daily usage of the sit-stand function

At 6 months, the majority of intervention workers rated sit-stand workstation
adjustability as either very good (54.2%) or good (29.2%). In addition, 75.0% of
participants were satisfied with the sit-stand workstation. The daily usage level
of the standing function was 41.7%, which included 12.5% who used it ‘"Many
times a day” and 29.2% who used the function ‘Once a day’. A large proportion
of participants adjusted the sit-stand workstation ‘Once a week’ (16.7%) or
‘Once a month or more seldom” (37.5%), and one participant reported never
adjusting workstation height. Unlike the infrequent users group (n=14), daily
users (n=10) were all female, and the number of females was significantly high-
er in the daily users group (p = 0.019).

When comparing daily users and infrequent users, repeated measures
ANOVA revealed a group*time interaction in work time spent standing (16.5 +
16.0% vs. -1.2 + 11.0%, p = 0.005), computer work time spent sitting (-24.4 *
21.7% vs. 2.4 £11.4%, p = 0.004) and standing (31.3 £ 10.3% vs. 0.3 +3.7%, p <
0.001), but no significant effect for work sitting time (-13.5 £ 15.6% vs. -1.8
17.2%, p = 0.102) or total leisure sitting time (0.3 £ 0.5h vs. -0.3 £ 1.2h, p = 0.247)
(Table 6). Pairwise comparisons were localized to the group of daily users,
whose sitting time at work decreased by 13.5% (p = 0.017), and standing time
increased by 16.5% (p = 0.001), which was significantly different from the con-
trol group at 6 months (p = 0.002). Similarly, as a proportion of computer work
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time, sitting decreased by 24.4% (p < 0.001) and standing increased by 31.3% (p
< 0.001) in the daily user group, which was significantly different from the in-
frequent user group at 6 months (p = 0.043 and p < 0.001, respectively).

TABLE 6 Sitting time in daily users and infrequent users of the intervention group.
Values correspond to the percentage of work time spent sitting and
standing, the percentage of computer work time spent sitting and stand-
ing, and average leisure sitting time in hours (Mean * SD).

Daily users Infrequent users Group*time
Baseline 6 months Baseline 6 months  p-values?
Sitting time (%) 77.5%9.8  64.0£8.8" 741+19.4 72.4+20.0 0.102
Standing time (%) 14.5+10.1 31.0+10.2° 14.0£8.4 12.9£13.2% 0.005
Computer sitting time (%) 93.3£13.2 68.9413.9° 86.6+15.9 84.1+18.0* 0.004
Computer standing time (%)  0.0£0.0  31.3£10.3° 4.4+10.7  4.749.0# 0.000
Leisure sitting time (hours) 2.7+0.5 3.0£0.6 3.3+0.9 3.0+0.8 0.247

a Repeated measures ANOVA for the group* time interaction effect. Significance levels are
indicated in bold.

# Significant difference between groups at 6 months.

* Significant difference within-group between baseline and 6 months.

No significant group*time interactions were observed in perceived musculo-
skeletal comfort or work ability when comparing the daily and infrequent users
(Table 7). However, from baseline to follow up, daily users showed a significant
decrease in discomfort values in the lower limbs (3.3 £ 0.9 to 2.6 + 0.5, p = 0.020)
and improved perceived work ability (8.0 £ 1.5 to 8.6 1.1, p = 0.009).

TABLE7 Musculoskeletal comfort and work ability in daily users and infrequent
users of the intervention group. Perceived musculoskeletal comfort
(Mean + SD) for different body parts was rated from 1 (very comfortable)
to 5 (very uncomfortable). Perceived work ability at its best was rated
from 0 (completely unable to work) to 10 (work ability at its best).

Daily users Infrequent users Group*time
Baseline 6 months  Baseline 6 months p-values?

Musculoskeletal comfort

Neck and shoulders 3.1+0.6 2.6x1.0 2.9+0.8 2.7+0.8 0.280
Upper limbs 3.0+0.7 2.7+0.9 2.6x0.5 2.7+0.9 0.353
Back 3.0+0.7 2.8+0.8 2.9+0.5 2.7+0.8 0.986
Lower limbs 33109  2.620.5* 3.1+0.7 2.940.9 0.168
Work ability 8.0£#1.5  8.6%1.1* 8.6+0.8 8.740.7 0.066

a Repeated measures ANOVA for the group* time interaction effect.
* Significant difference within-group between baseline and 6 months.
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5.4 Comparing the use of a sit-stand workstation versus a sit
workstation (Study III)

5.4.1 Self-reported differences between Sit-Stand group and Sit group

Compared with the Sit group, participants from the Sit-Stand group self-
reported less sitting time (62.0 £ 13.0% vs. 83.6 +12.0%, p = 0.001) and computer
sitting time (68.5 £ 22.1% vs. 87.1 £ 17.7%, p = 0.028) during the workday, as
well as more standing time (36.5 £ 21.9% vs. 18.2 + 21.8%, p = 0.031) and com-
puter standing time (23.7 £ 18.0% vs. 3.0 £ 10.7%, p < 0.001). Average daily lei-
sure time sitting was 3.5 £ 1.2 h and did not differ between groups. There was
no significant difference in perceived work ability between groups (8.7 + 1.1
and 8.8 £ 0.9, respectively).

5.4.2 Muscle activity patterns and spinal shrinkage

Muscle activity patterns and spinal shrinkage data for both groups are present-
ed in Table 8. Averaged EMG recording time of all participants was 403.9 + 47.0
minutes and did not significantly differ between groups. Compared with the Sit
group, the Sit-Stand group exhibited less muscle inactivity time (66.2 £ 17.1%
vs. 80.9 £ 6.4%, p = 0.014) and more light muscle activity time (26.1 + 12.3% vs.
14.9 + 6.3%, p = 0.019) at work. Figure 11 shows an example of muscle activity
patterns during one 6 h work day from one participant in each group. There
were no significant differences in moderate-to-vigorous muscle activity time,
total number of bursts or the sum of the 5 longest muscle inactivity periods be-
tween groups. Furthermore, both groups exhibited spinal shrinkage but there
was no significant difference between groups (Table 8).

TABLE 8 Workday EMG-derived muscle activity and spinal shrinkage in the two
study groups and mean of all participants. Values are Mean * SD or n(%).

Sit-Stand Sit All

Characteristics (n=10) (n=14) (n=24) p-values?
EMG-derived muscle activity®

Recording time (min) 420.1+65.9 3923235 403.9+47.0  0.770
Inactivity time (%) 66.2417.1 80.9+6.4  74.8413.9 0.014
Activity time (%) 33.8417.1 19.1+6.4  25.2+13.9 0.014
Light activity time (%) 26.1+12.3 149463  19.6+10.6 0.019
Moderate-to-vigorous activity time (%) 7.7+74 42421 5.7+5.2 0.349
No. of bursts 601.2£97.5 563.4+238.6 579.1¥190.4  0.600
Sum of 5 longest inactivity periods (min) 41.6£17.6  60.8+37.4  52.8+31.7 0.178
Spinal shrinkage (mm)c 5.62+2.75  6.11+244  591+2.53 0.653

a Bolded p-values indicate a significant difference between groups.

b Muscle inactivity time (time spent with < 90% of EMGestanding), muscle light activity time
(90% EMGstanding = < EMGualking ), muscle moderate-to-vigorous activity time (= EMGuaiking).
¢ Spinal shrinkage between the beginning and end of the workday.



59

Subject A

Standing

Muscle activity (%EMG walking)

160 Subject B
e

Sitting

Muscle activity (%EMG walking)
=
8

6-h work day

FIGURE 11 Normalized muscle activity from two participants who were from Sit-Stand
group and Sit group, respectively. The marked areas of standing or sitting
were based on their daily activity logs that indicated work routine and position.

5.5 Acute postural effects after glucose loading (Study IV)

5.5.1 Baseline assessments

Participants” age ranged between 40 - 64 years. Two participants stopped the
measurements after the first hour in standing work because of feeling faint and
unwell, leaving a total of 16 participants who completed both conditions. From
the two participants with full data during sitting, but with incomplete data dur-
ing standing, their first hour of data regarding mean energy expenditure, mus-
cle activity and HR was analyzed. There were no differences in baseline as-
sessments (anthropometric, dietary, and physical activity measures) or fasting
biochemical values measured at 0 min between measurement days (Table 9),
nor were there significant differences in resting energy expenditure or normal-
ized EMG activity during both preparatory phases.

Twelve participants were post-menopausal and six were peri-menopausal.
For peri-menopausal females, the menstrual cycle phase was not determined
but the measurements were not done during menstruation. Independent t-tests
were performed to test the tAUC, iAUC and fasting values of blood parameters
under sitting and standing conditions between post- and peri-menopausal fe-
males. There were no significant differences in tAUC glucose between post-
(955.3 + 184.7 mmol /L min) and peri-menopausal (897.3 = 159.4 mmol/L min)
females (p = 0.522), as well as iAUC glucose (293.3 + 176.2 mmol/L min vs.
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265.3 + 138.4 mmol/L min, p = 0.739) during sitting. The same was found dur-
ing standing for tAUC (1013.8 + 204.6 mmol/L min vs. 9283 + 138.2
mmol/L min, p = 0.382) and iAUC (341.8 + 174.9 mmol/L min vs. 288.3 + 138.5
mmol/L min, p = 0.534). For fasting glucose, the sitting condition yielded val-
ues of 5.5 + 0.4 mmol/1 vs. 5.3 + 0.4 mmol/] (p = 0.205), and the corresponding
results for standing were 5.6 £ 0.5 mmol/1 vs. 5.3 + 0.3 mmol/1 (p = 0.250).

TABLE 9 Baseline assessments in fasting condition (0 min) on the two experi-
mental days.

Variables (n=18) Sit Stand p-values
Body mass (kg) 63477 63.4+7.38 0.96
Physical activity (min/day)a

Recording time 884.4 +81.4 879.2+91.7 0.60
Sedentary 579.8 +111.7 569.2 +106.3 0.62
Light intensity 269.1+75.6 272.6 +108.4 0.87
Moderate-to-vigorous 36.6 +27.8 38.2+25.0 0.76
Sleep time (min/day) 480.5 £50.4 467.3 £48.5 0.33
Dietary intake

EE (kcal/day) 1786.6 £331.5  1802.6 +411.5 0.82
Fat (g/day) 70.7 £23.0 68.7£23.1 0.58
Protein (g/ day) 80.4£19.4 759+£26.8 0.31
Carbohydrate (g/day) 190.3 £ 54.7 202.5 £50.7 0.43
Fasting condition

Total cholesterol (mmol/1) 498 +£0.92 4.89+0.87 0.36
HDL-C (mmol/I) 1.95£0.45 1.94£0.45 0.57
LDL-C (mmol/1) 2.85+0.8 2.77 0.7 0.27
Triglycerides (mmol/I) 0.95+0.25 0.90 £0.35 0.08
Glycerol (mmol/1) 72.6 £43.1 65.8+£225 0.51
FFA (umol/I) 591.8 £306.4 535.1+174.8 0.52
Cortisol (nmol/1) 368.4 £145.9 348.0 +143.6 0.61
Glucose (mmol/1) 54+04 55+0.4 0.42
Insulin (pmol/I) 26.7+£16.0 25.7+14.7 0.67
HR (bpm) 67.4+10.6 65.7+8.8 0.16

2 Missing n = 2

5.5.2 Muscle activity, energy expenditure and metabolic markers

The effects of condition on EMG activity are presented in Table 10. The muscle
groups were categorized and averaged by region, where back muscles included
TES, LES and LM, thigh muscles included BF and VL, and leg muscles included
TA, GM and SOL. During continued standing the overall muscle activity levels
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of the back, thigh and leg muscles combined was 49.4% greater than during sit-
ting (26 £ 9% vs. 19 £ 6%, p = 0.006). This difference resulted from 173.6% great-
er activity in thigh muscles (17 £ 8 % vs. 7 £ 2%, p < 0.001) and 160.5% greater
activity in leg muscles (16 + 6% vs. 7 + 3%, p < 0.001), but no significant differ-
ences in the activity of back muscles (39 £ 17% vs. 43 £ 18%, p > 0.05). Detailed
results from different muscle groups are presented in Figure 12.

TABLE 10 Muscle activity, energy expenditure, heart rate and metabolic bi-

omarkers during sitting and standing.

Variables (n=18) Sit Stand p-values
EMG activity (%walk)

Overall 191£59 264 +9.4 0.006
Back 39.0+16.6 43.0+18.4 0.446
Thigh 6.9+21 172+84 0.000
Leg 70£25 159+6.1 0.000
Energy expenditure2

Ventilation (L/min) 85+13 95+138 0.002
Breathing frequency (L/min) 153+22 163+£2.7 0.037
VO, (ml/min) 226.4 +28.9 248.3 £35.4 0.001
VCO; (ml/min) 199.2+£25.5 212.1£33.3 0.031
VO»/kg (ml/min kg1) 3.6+05 40+0.6 0.001
RER 0.879 +0.021 0.853 +0.026 0.005
MET 1.0+0.2 1.1+0.2 0.001
EE (kcal/min) 1.1+£01 1.2+02 0.002
Fat (%EE) 394+73 483+9.1 0.008
Carbohydrate (%EE) 60.6+7.3 51.7+9.1 0.008
HR (bpm) 75.0+12.6 83.8£14.8 0.000
Metabolic markers2

tAUC Glucose (mmol/L min) 897.7 £139.4 981.7 £182.5 0.026
iAUC Glucose 246.7 £125.0 321.7 +159.6 0.017
tAUC Insulin® (pmol/L min) 28512.2 +11812.0 30135.1 + 16423.5 0.411
iAUC Insulin® 25006.6 +10297.5 26912.1 +£15310.9 0.346
tAUC Triglycerides (mmol/L min) 112.5+32.8 1124 +46.4 0.989
iAUC Triglycerides 09+6.0 57+12.4 0.103
tAUC Glycerol (mmol/L min) 5676.7 £ 2188.9 6263.2 +1688.4 0.164
iAUC Glycerol -2274.6 +2313.0 -1765.6 + 2214.0 0.959
tAUC FFA(umol/L min) 29925.7 +11444.1 36019.5 + 11183.4 0.127
iAUC FFA -37932.7 £28876.0  -27300.8 +21020.1 0.215
tAUC Cortisol (nmol/L min) 38539.5 £ 11369.3 42799.3 + 21261.4 0.427
iAUC CortisolP -5524.5 + 11621.0 -0.7 £11426.9 0.194

* Bold p-values indicate a significant difference between conditions.

a Missing n = 2
bMissing n =3
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FIGURE 12 Muscle activity of thoracic erector spinae (TES), lumbar erector spinae (LES),
lumbar multifidus (LM), biceps femoris (BF), vastus lateralis (VL), tibialis ante-
rior (TA), gastrocnemius medialis (GM) and soleus (SOL) during sitting and
standing at work (Gao et al. 2017, IV). * Significant difference based on paired
t-tests (p < 0.01).

The results of energy expenditure and HR between conditions can be found in
Table 10. Compared to sitting, during two hours of standing desk work the
mean EE was 9.2% greater (p = 0.002) and the proportion of fat use increased
from 39% to 48%EE (p = 0.008) while the proportion of carbohydrate use de-
creased from 61% to 52%EE (p = 0.008). Concomitant with energy expenditure,
standing work resulted in 12.0% higher HR than sitting (p < 0.001). Energy ex-
penditure positively correlated with mean thigh (s = 0.392, p = 0.022) and leg
muscle activity (s = 0.378, p = 0.028).

Figure 13 and Table 10 show the metabolic responses to glucose loading in
sitting and standing conditions. A significantly higher tAUC (9.8%, p = 0.026)
and net iAUC of plasma glucose (42.3%, p = 0.017) were measured during
standing than sitting. After glucose loading, the mean concentration of plasma
glucose continued to rise until 60 min, reaching 9.3 + 2.6 mmol/l during stand-
ing, whereas for seated work glucose peaked at 8.6 + 1.2 mmol/I at the 30 min
time point. For tAUC, net iAUCs and changes in 2-h concentration levels of se-
rum insulin, triglycerides, glycerol, FFA and cortisol were not significantly dif-
ferent between conditions. There were no significant correlations between any
of the metabolic responses (tAUC or iAUC) and muscle activity.
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FIGURE 13 Responses (mean + SD) of glucose (a), insulin (b), triglyceride (c), glycerol (d),
FFA (e) and cortisol (f) to a standardized glucose loading (75 g) during sitting
and standing at work for 120 minutes (Gao et al. 2017, IV).



6 DISCUSSION

Reducing sitting time has been proposed as a new workplace health priority.
This multidisciplinary thesis was based on a sedentary behavior research
framework, and together with postural considerations provides evidence for
the benefits of working with sit-stand workstations. The purpose of this thesis
was to examine whether and to what extent sit-stand workstations could reduce
occupational sitting and improve health indexes in a real workplace. The thesis
consisted of four studies including both field and laboratory settings with a
range of methodological approaches. The main findings of this thesis were: both
long-term and short-term self-reported instruments provide acceptable means
of occupational sitting time in an office-based workplace, but their utility at the
individual level is limited due to large variability (I); working with a sit-stand
workstation reduced occupational sitting time and improved work-related
health outcomes, such as musculoskeletal comfort, work ability, spinal loading
and muscle activity patterns (II & III); the postural physiology study showed
that compared with sitting, standing work increased energy expenditure and
muscle activity after glucose loading in middle aged women. The results
suggested that fuel switching occurs in favor of fat oxidation during standing
despite extra carbohydrate availability (IV). The results of this thesis suggest
that in the workplace, using sit-stand workstations can provide a promising
strategy to reduce occupational sitting time and improve potential health
outcomes.

6.1 Accuracy of self-reported occupational sitting time

While quantifying the time spent in different postures may help to elucidate the
associations between occupational sitting time and health outcomes (Van Uf-
felen et al. 2010), it is important to develop and evaluate the accuracy of
measures of sitting time at work. However, very few validity studies have ex-
amined subjective measures against accurate criterion measures that can distin-
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guish between postures such as sitting or standing still and postural changes
(Atkin et al. 2012).

In Study [, sitting time at work was quantified by separately identifying
sitting and upright postures. The study examined the criterion validity and ab-
solute agreement of two brief self-reported measures of occupational sitting
time, assessed by long-term and short-term recall via an internet-administered
questionnaire and daily recall, in a sample of Finnish and Chinese office-based
workers. Criterion measures were compared with thigh-mounted accelerometer
data, which were used to isolate sitting time. The findings suggest that both of
the self-reported measures are acceptable (< 3% difference compared to acceler-
ometry) for assessing the proportion of work time spent sitting at a group level,
but not necessarily at an individual level. Although similar moderate correla-
tions with objective measures were observed regardless of whether workers
were asked about long- or short-term occupational sitting time, intra- and inter-
individual variability of occupational sitting time was evident among Finnish
and Chinese office workers.

Regarding the recall periods of the questionnaire, no difference was found
between the last three months of occupational sitting time and the average of
five work days (representing a typical work week), indicating that short-term
recall adequately represented habitual occupational sedentary behaviors. Both
long-term and short-term recall resulted in an average occupational sitting time
of 79% during work hours. In addition, from the results of day-to-day varia-
tions in occupational sitting time, the overall range of CV% was less than 15%
(from 6% to 13%) of short-term recall and accelerometer measured data from
five work days. This is comparable with a previous validation study that re-
ported differences in CV% between past day recall and measured sitting time
based on postural allocations of 16% — 19% among adults (Matthews et al.
2013). In the present validation study (I), FIN group exhibited higher variations
in daily occupational sitting time compared with CHI group. This may have
been caused by several potential factors such as differences in sociocultural de-
terminants, where work culture possibilities affect one’s habitual occupational
sedentary behavior (Owen et al. 2011). For example, participants in the FIN
group were mostly university employees, and they may have had more flexible
work schedules than those in CHI group, who were employed by companies
with fixed work schedules. Importantly, some participants from FIN group
used sit-stand workstations and it seems that they tended to have lower occu-
pational sitting time, as shown in Study II and Study III, which likely also con-
tributed to the greater variation.

Overall, the questionnaire for long-term recall and the daily short-term re-
call single-item question exhibited similar validity. The range of Spearman’s rho
was 0.336 - 0.684 in the total sample. Although the correlations found in Study
I were low to moderate, they seem to be at least as strong as those for global
sitting time measured with the International Physical Activity Questionnaire or
Global Physical Activity Questionnaire in the general population (rs = 0.07 -
0.61) (Cleland et al. 2014; Craig et al. 2003; Rosenberg et al. 2008). The results are
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also comparable to those of other studies that have examined the criterion va-
lidity of office-based sedentary time with accelerometry (rs = 0.27 - 0.65) (Chau
et al. 2012; Clark et al. 2011). Furthermore, the brief single-item question about
occupational sitting time was self-administered at the end of each work day.
Shorter-term recall has been suggested to improve self-report accuracy (Mat-
thews et al. 2012b). Similar short- and long-term results were found in the total
sample, although the difference between short-term recall and accelerometer
measured occupational sitting time was greater in FIN group (mean difference
4%; equal to 18 minutes vs. 0.3% in CHI). This may have been caused by large
day-to-day individual variability in occupational sitting time, which was larger
in FIN than in CHL

Long-term and short-term recall occupational sitting time estimates were
both close to the accelerometer measured proportion of sitting time at work
(mean differences were 2.4% and 2.2% respectively, equal to 11 minutes). This
level of accuracy is comparable with results from the majority of validation
studies assessing occupational sitting time, which reported mean differences
from 2 min/d to 27 min/d (Clark et al. 2011; Chau et al. 2012; Chau et al. 2011),
suggesting that the present method is suitable for surveillance purposes in large
populations where it is desirable to estimate occupational sitting time at a
group level. However, the limits of agreement were wide, whereby over- or
underestimation generally varied between -24% - 28% (¥1.96 SD), which is
equal to more than 100 minutes. Thus, these measures may be less useful in
studies that require a high level of accuracy at the individual level, e.g. smaller
scale intervention studies. In these cases, self-report measures may be more ap-
propriate as complementary information to objective measures. Overall, the
brief single-item question about occupational sitting time may be sufficient to
rank office-based workers on the basis of sitting time in large-scale workplace
population studies.

6.2 Effects of using a sit-stand workstation on occupational sit-
ting in a real workplace

In general, the installation of sit-stand workstations into an ecologically valid
setting encourages office workers to adjust work postures, leading to a
reduction in sitting time which is reallocated mostly to standing at work.
Working at sit-stand workstations improved perceived musculoskeletal
comfort, especially in the neck and shoulders, as well as work ability. There was
also a positive correlation between reduced sitting time and improved
musculoskeletal comfort in the back. The majority of intervention participants
rated sit-stand workstation adjustability as good and satisfied with the
workstation, although less than half of them, who were exclusively female,
used the sit-stand function on a daily basis. Thus, the findings suggest that
modifying the work environment by installation of sit-stand workstations alone
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is not enough to induce behavioral changes, and that adequate prompting may
be required to increase their daily usage level. Furthermore, when compared
with office workers who used traditional sit workstations, those using sit-stand
workstations exhibited less muscle inactivity time and more light muscle
activity time, without negative effects on spinal shrinkage.

Effects on sitting time. When the sitting questionnaire was used in the inter-
vention study (II), we found that working at sit-stand workstations was benefi-
cial for reducing sedentary time in comparison with traditional sit workstations.
In the 6-month intervention period, office workers who used the sit-stand
workstation significantly decreased the proportion of their work time spent sit-
ting by 6.7%, equal to 30 min/8 h work time, which was highly associated with
standing time. These potential behavior changes may bring health benefits in
the long term (Hamilton, Hamilton & Zderic 2007). The intervention group also
showed an increase in the proportion of work time and computer work time
spent standing by 6.5% and 11.6%, respectively. These results support those of
earlier studies, which found that sit-stand workstations can substantially re-
duce office workers’ sitting time by 5 - 26% (Chau et al. 2014b; Dutta et al. 2014;
Pronk et al. 2012; Grunseit et al. 2013), which is replaced by standing (Alkhajah
et al. 2012; Healy et al. 2013; Straker et al. 2013).

Effects on musculoskeletal comfort and work performance. Aside from sitting
time, mean perceived musculoskeletal comfort was generally maintained (up-
per limbs, back and lower limbs) or even improved (neck and shoulders) after
working at a sit-stand workstation for 6 months. This improvement is con-
sistent with a previous study, which showed that sit-stand workstations can
reduce musculoskeletal discomfort across most upper body regions (Hedge &
Ray 2004). It is interesting to note that a reduction in sitting time was positively
correlated with perceived back comfort in office workers. Similarly, Pronk et al.
(2012) suggested that alternating between sitting and standing postures at work
may benefit musculoskeletal comfort. Regarding work performance, mean per-
ceived work ability was higher in those who used the sit-stand workstation
than those who used the traditional sit workstation. This is also in accordance
with an earlier study, whereby individuals who worked both in sitting and
standing postures reported significantly enhanced work productivity (Nevala &
Choi 2013). A previous study also reported that typing performance does not
differ between standing and sitting postures (Husemann et al. 2009). It should
be noted that not all intervention studies have found positive effects on muscu-
loskeletal health and work ability (Alkhajah et al. 2012; Ebara et al. 2008), which
may be related to shorter intervention lengths compared to the present study.

Feasibility. The majority of users rated sit-stand workstation adjustability
as good (83.3%), and 75.0% were satisfied with the workstation, which is rather
high considering that the daily utilization rate was 41%. Unlike infrequent us-
ers, daily users of the sit-stand workstation were exclusively female. This may
reflect a higher motivation of females to use the sit-stand function and a greater
willingness to adapt to a new work environment. This group may also have
been motivated by anticipated health benefits, willingness to experiment, and
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external prompting (Grunseit et al. 2013). The results showed effective changes
in occupational sedentary behaviour, perceived musculoskeletal comfort in the
lower limb and work ability in daily users, suggesting that daily prompting to
use the sit-stand function should be encouraged. Support for this statement
comes from the finding that percentage utilization was higher in a group who
received instruction compared to those who did not (Wilks, Mortimer & Nylén
2006). Some studies have focused on a workplace setting within which the rele-
vant contextual factors were controlled (organization, individual and environ-
ment). The results suggested that multi-component interventions targeting
workplace sitting may achieve more substantial reductions in office workers’
sitting time than the provision of sit-stand workstations alone (Healy et al.
2013; Neuhaus et al. 2014b). Collectively, these findings suggest that implemen-
tation of sit-stand workstations alone is not sufficient, and highlight the need
for effective guidance (i.e. tailored counselling) to use the sit-stand function for
reducing sedentary time, including adequate instruction and promotion of the
potential health benefits.

Effects on muscle activity and inactivity time. In Study III, the activity pat-
terns of quadriceps and hamstring muscles showed 15% less inactivity and 11%
more light activity in workers using sit-stand workstations compared to users
of traditional sit workstations. This is in line with Study II, which found that the
introduction of sit-stand workstations was associated with reductions in sitting
time of ~14% of work time for daily users, as also shown previously (Chau et al.
2014b; Dutta et al. 2014; Pronk et al. 2012; Alkhajah et al. 2012; Straker et al.
2013). Although energy expenditure when using a sit-stand workstation in-
creases by a small amount compared with a traditional sit workstation (Tudor-
Locke et al. 2013), less muscle inactivity, even by the small magnitude of 15%,
may provide positive signals for metabolic health (Pesola et al. 2015). It has
been reported that a difference of 2 h 18 min in daily muscle inactivity is benefi-
cially associated with metabolic markers such as fasting HDL-C and triglycer-
ides independent of moderate-to-vigorous muscle activity time (Pesola et al.
2015). While muscle inactivity time was reduced in the Sit-Stand group, there
were no significant differences in moderate-to-vigorous muscle activity time
between groups. This may reflect the sedentary nature of office work, whereby
moderate-to-vigorous activity occupies only a fraction of daily work time, and
lower intensity physical activity predominates (Clemes, O'Connell & Edward-
son 2014). Interestingly, although the Sit-Stand group exhibited less total mus-
cle inactivity time, neither the sum of the five longest inactivity periods nor the
total number of bursts differed between groups. Similar results were also found
in intervention studies (Alkhajah et al. 2012; Healy et al. 2013) and a cross-
sectional study (Straker et al. 2013) that examined reductions in sitting time, but
these studies did not detect changes in accumulated sitting bouts, stepping time
or number of sit-stand transitions. Although there was no significant difference
in the sum of the five longest inactivity periods, the almost 20-min difference
between groups may have been sufficient to provide metabolic health benefits,
but this needs to be confirmed in future studies. Because sitting periods accrued
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in bouts of 30 min or more are related to health risks, regular postural changes
are recommended even for workers who use sit-stand workstations (Healy et
al. 2012). Experimental studies have shown that frequent bouts of activity
which reduce total sedentary time have a positive effect on metabolic variables
(Dunstan et al. 2012; Duvivier et al. 2013), but it is still unclear whether the total
or uninterrupted sitting time is important. Thus, in the present study the lack of
difference in total number of muscle activity bursts may only imply that the
pattern of postural transitions was similar between groups. Due to greater total
duration of muscle activity, the use of a sit-stand workstation likely benefits
metabolic outcomes even though it may not affect the number of activity bursts.

Effects on spinal loading. Spinal shrinkage is often quantified to reflect the
effects of spinal loading, which can be assumed to have predictive value regard-
ing health effects (Van Dieén & Oude Vrielink 1998; Igic, Ryser & Elfering 2013;
Paul & Helander 1995). In Study IlII, the mean spinal shrinkage was 5.91 mm
(0.35% of stature) after a typical office workday. This is comparable with results
from another study that reported mean spinal shrinkage of 0.45% of stature at
the end of a bout of standing work, with no significant differences between dif-
ferent work-rest schedules of standing and sitting: 60 min shift to 15 min break,
45 - 15,30 — 15, and 30 - 30 (Van Dieén & Oude Vrielink 1998). A study focus-
ing on work involving low physical activity reported shrinkage of the thoracol-
umbar spine of 4.75 or 6.95 mm, after 6.5 h of work in a prolonged sitting or
standing posture, respectively. Corresponding values in the lumbar spine were
1.73 or 4.16 mm (Leivseth & Drerup 1997). However, in view of task specificity
and large inter-individual variability in spinal shrinkage, comparisons across
different groups and studies are difficult. Interestingly, there was no statistical-
ly significant difference in spinal shrinkage between groups. Although static
standing has been reported to result in greater spinal shrinkage than static sit-
ting (Van Deursen et al. 2005), in dynamic situations, where office workers
change positions with higher job control (Igic, Ryser & Elfering 2013), it may be
possible to mitigate increases in spinal shrinkage. In addition, using a sit-stand
workstation may involve body movement which results in reduced spinal
shrinkage or enhanced recovery of shrinkage (Van Dieén, De Looze & Hermans
2001). Importantly, the range of spinal shrinkage (1.55 - 10.55 mm) in both
groups of the present work was below the highest permissible spinal shrinkage
of 21 mm in order to prevent occupational low back pain (Ismaila & Charles-
Owaba 2008). Thus, this study provides evidence from an occupational ergo-
nomic perspective that habitual use of a sit-stand workstation does not cause
negative effects on spinal shrinkage. However, it should be highlighted that
excessive standing time at work may not be healthy (Igic, Ryser & Elfering
2013). The effect of prolonged standing on spinal health, over periods exceeding
the habitual times measured in the present study, should be examined to be
able to recommend safe limits for workday standing time to sit-stand work-
station users.



70

6.3 Acute physiology: comparing sitting and standing at work

Study IV provides experimental evidence for the effects of two hour bouts of
sitting and standing work on acute metabolic responses, energy expenditure
and muscle activity after glucose loading in middle aged women. In line with
the hypothesis, standing resulted in greater muscle activity, higher energy
expenditure and fat oxidation when compared with sitting. In contrast to the
hypothesis, standing elicited a higher glucose response after glucose loading
than was observed during sitting. Together these results suggest fuel switching
after glucose loading, whereby fat oxidation increased and carbohydrate usage
decreased during standing compared to sitting (Figure 14).

Fuel switching when standing up from sitting
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FIGURE 14 Fuel switching when standing up from sitting after glucose loading: fat oxida-
tion was increased and carbohydrate (CHO) usage was reduced. This figure re-
fers to the findings for energy expenditure (EE), muscle activity and blood
samples (Gao et al. 2017, IV).

Previous studies using indirect calorimetry have reported that continuous mo-
tionless standing consumes 0.07 kcal/ min more energy than sitting (Jtdice et al.
2016). In the present study the energy expenditure increase from sitting to
standing was roughly similar (0.10 kcal/min), suggesting that the participants
were mainly standing still during the experiment, despite being allowed to
sway and bend their legs. Lower extremity muscle activity was positively asso-
ciated with energy expenditure, confirming that lower extremity muscle activi-
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ty is an important factor in energy expenditure during standing. However, nei-
ther muscle activity nor energy expenditure were associated with metabolic
changes, suggesting that factors other than lower extremity muscle activity or
total energy expenditure may explain how individuals gain acute metabolic
benefits when standing still instead of sitting.

In Study IV, an increase in fat oxidation and a decrease in carbohydrate ox-
idation were found in standing compared to sitting. This indicates a proportional
increase in the use of fatty acids as an energy source and enhanced fatty acid oxi-
dation to fuel muscle activity, which in turn supports the hypothesis that light-
intensity physical activity like standing may alter the regulation of fat and carbo-
hydrate usage (Spriet 2014). In the long term, increased fat oxidation may help in
the clearance of intramuscular lipids and ectopic fat storage, with beneficial ef-
fects on the whole body, as well as muscle and liver insulin sensitivity, even in
the absence of a negative energy balance or acute improvements in insulin sensi-
tivity (Bergouignan et al. 2016; Bergouignan et al. 2013). Although in this study
glucose loading caused no difference in insulin response or changes in triglycer-
ide levels between conditions at 2 h, the results corroborate those of earlier stud-
ies which reported that postprandial insulinemic and lipaemia responses did not
significantly change after alternating bouts of standing and sitting for 30 to 45
minutes (Miyashita et al. 2013; Thorp et al. 2014). Romijn et al. (1993) showed that
during light intensity exercise, FFA release from adipose tissue is the main oxida-
tive fuel used by working muscles, and lipolysis increases as a function of power
output when changing from rest to physical activity (Romijn et al. 1993). It is also
probable that increased muscle activity during standing increased FFA delivery
into the muscle via increased blood flow (Spriet 2014). While a similar mobiliza-
tion of FFA took place in both conditions, a slightly slower decline of FFA con-
centration can be found during standing than sitting (Henson et al. 2016), alt-
hough this effect was nonsignificant in the present study. Thus, it was speculated
that standing may attenuate insulin-induced lipolysis inhibition because glycerol
and FFA both tended to decrease slower than during sitting. The second major
source of fat is the release of FFA from triglycerides stored directly in the muscle,
which increases during light to moderate intensity exercise (Spriet 2014). There-
fore, it is concluded that in the conditions of the present study where there was
maximal availability of glucose, the increased energy demand during standing
promoted fuel switching by increasing fat oxidation (potentially due to increased
delivery of FFA and/or increased oxidation of intramuscular FFA) and decreas-
ing carbohydrate oxidation.

The elevated level of circulating plasma glucose found in standing sug-
gests that glucose may not be needed as an extra energy source in standing.
This apparently conflicts with previous results showing attenuated blood glu-
cose excursion in standing (Buckley et al. 2014; Thorp et al. 2014). However,
previous studies have used standardized standing breaks (Thorp et al. 2014) or
standing while working in a real office environment (Buckley et al. 2014) as
their exposure, both of which may elicit higher energy expenditure due to dy-
namic activity compared to predominantly motionless standing in the present
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study. Buckley et al. (2014) reported that the increase in energy expenditure of
standing vs sitting while doing office work was 0.83 kcals/min, which is higher
than in the present study (0.10 kcals/min). This suggests that frequent standing
breaks or ambulation may be required to elevate energy expenditure above that
of motionless standing in order to elicit changes in glucose tolerance. Further-
more, the high energy expenditure in Buckley’s study was estimated from HR
rather than using indirect calorimetry, which may also explain the differences
between Buckley's and the present findings. Many other factors may contribute
to the apparent discrepancy regarding the glycemic response, including age,
sex, BMI, metabolism and exercise status (Buckley et al. 2014; Thorp et al. 2014).
For example, benefits of standing may be more evident in subjects with a higher
BMI than those in the present study (Thorp et al. 2014), since higher muscle ac-
tivity has been reported in overweight compared to normal weight subjects (Pe-
sola et al. 2016). Another important difference to consider when comparing re-
sults is the time course of nutrient loading. In the present study the loading was
done during the standing exposure, because the aim was to examine concurrent
interaction between standing and nutrient loading, as occurs during daily life,
where periods of energy intake and expenditure take place simultaneously.
Some setups provide the nutrient loading after the physical activity exposure
and do not allow direct comparison to the present findings because of a lack of
concurrent interaction between diet and physical activity (Thorp et al. 2014;
Duvivier et al. 2013). There is discrepancy in the literature regarding differences
in experimental design that may be the cause of these inconsistent findings, e.g.
intensity and frequency of breaks and duration of prolonged sitting (Thorp et
al. 2014; Dunstan et al. 2012; Bailey & Locke 2015; Hansen et al. 2016; Henson et
al. 2016). Importantly, distinct from the majority of experimental studies which
have interrupted sitting with short periods of activities (Benatti & Ried-Larsen
2015), the current setup differentiates the independent effects of sitting and
standing. It should be noted that although the increased glucose level may seem
to have induced an adverse effect, the increased oxidation of lipids can benefit
insulin sensitivity after an intervention or in the long term, and the resulting
effect may be positive (Bergouignan et al. 2013; Dunstan et al. 2012). However,
this should be confirmed in longitudinal studies.

6.4 Methodological considerations and limitations

6.4.1 Self-reported occupational sitting time

Although self-report measures may be associated with measurement errors,
they still offer distinct information from objective measures to assess sedentary
behavior. When objective measurements are impractical, accurate and reliable
self-report measures are needed. Such measures can be implemented on a large
scale with low cost and provide important information about domain- or be-
havior-specific sedentary time. However, regarding the workplace domain spe-



73

cifically, few studies have examined the validity of occupational sitting time,
and even fewer have identified postural allocations and compared with objec-
tive criterion measures (Healy et al. 2011; Van Uffelen et al. 2010).

Previous ergonomics studies have identified individual work postures (e.g.
sitting, standing etc.), and concluded that instruments were sufficiently accurate
for studying those work postures in relation to health effects in epidemiological
studies (Laperriere et al. 2005; Mortimer et al. 1999). Similarly, Reis et al. (2005)
categorized the amount of time spent in specific occupational categories (Centers
for Disease Control and Prevention 2001): "1) sitting or standing, 2) walking, and
3) heavy labor", where the Spearman correlation with sitting or standing was 0.37
against 7-d occupational physical activity records. Further examination of sepa-
rated occupational sitting and standing is required, particularly for the assess-
ment of occupational sitting time, as sit-stand workstations have been recently
introduced in workplace settings (Van Nassau et al. 2015). Chau et al. (2012) as-
sessed two brief instruments, which quantified the percentage of time spent in
different activities at work. The results showed moderate correlations for measur-
ing occupational sitting and standing time (rs = 0.65 and 0.49, respectively), sug-
gesting that it is a suitable method for measuring sitting and standing as discrete
indicators (Chau et al. 2012). In addition, the questions were sufficiently valid
and responsive to changes over time in the sit-stand transition when compared
with stronger relevant criterion measures of different postures (Van Nassau et al.
2015). Thus accurate and reliable self-report measures should be developed and
evaluated in the workplace (Castillo-Retamal & Hinckson 2011). Such measures
should allow comparisons across different populations and be applicable in epi-
demiological research (Healy et al. 2011).

Along with the goal of improving self-reported occupational sitting time,
in the present study (I), the validity of self-reported occupational sitting time
with a questionnaire (long-term) and via daily recall (short-term) was examined
in different sub-populations including Finnish and Chinese office-based work-
ers. Although the present study used two brief instruments to assess occupa-
tional sitting time, both of them may be similarly susceptible to random and
systematic reporting errors (Healy et al. 2011). Single item question had large
limits of agreement, possibly because of fewer responses being required. De-
spite reducing measurement error issues, the present study also has some other
limitations. This study used two cohort subgroups including participants from
Finland and China. The study samples were small and may not be representa-
tive of the larger population. Participants were office-based workers, so these
findings may not be representative of other occupations. Further examination of
the utility of self-reported measures is recommended in different occupations
with more varied patterns of sitting. While questionnaires containing several
questions at a time may be associated with contamination, the two self-report
measures used in this study were administered at different time points, which
minimize this potential bias. In addition, few studies have examined the ability
of self-report measures to detect behavior changes over time (Van Nassau et al.
2015; Gibbs et al. 2015). Although in the validation study (I) responsiveness to



74

changes in occupational sitting was not assessed, an intervention study (II) was
included where self-reported sitting time was examined with repeated
measures. Results showed that self-reported occupational sitting time decreased
by ~14% after 6-months of daily use of a sit-stand workstation. This difference
is large compared to the mean difference of 2.2% — 2.4% between self-report
and objective measures in the validation study (I), suggesting that self-report
measures could be sensitive enough to detect longitudinal changes in sitting
time at the population level. However, further studies are needed to test this
hypothesis. Because the present study paid more attention to the workplace
domain, I did not collect data using multiple domains or global measures of
self-reported sitting time, which may have greater utility in epidemiological
research on sedentary behavior (Atkin et al. 2012).

6.4.2 Postural allocation using accelerometry

In Study I, occupational sitting time was identified based on postural alloca-
tions from the raw thigh-mounted accelerometry data. Although it did not use
standard devices, such as ActiPAL (Edwardson et al. 2016b), the raw data pro-
cessing from thigh-mounted accelerometers (X6-1a, USA) was done so that the
output corresponded to inclinometry results as explained in the text (4.5.4). Be-
fore selecting the threshold of 45 degrees, laboratory tests were done to confirm
that the same threshold would work for different people. The threshold of 45
degrees was also used in another study to detect sitting posture using thigh-
mounted accelerometry (inclination > 45 degrees) (Skotte et al. 2014). In pilot
tests participants were asked to sit, stand and walk for known periods of time
and thus confirmed the accuracy of the detection algorithm. The script used is
an open source. However, further validation may be required to confirm the
accuracy of the present devices for postural classification using raw accelerome-
try data. Furthermore, in the present study, total occupational sitting time was
consistent with the validation of self-report measures, but the manner of sitting
accumulation, which can also provide important additional information, such
as the length of each sitting bout or the number of breaks during sitting time
was not explored. Thus, as the data were date- and time-stamped, further work
is needed to examine the potential value of this information, including both of
sitting time and patterns in the workplace domain.

6.4.3 Long-term recordings of EMG during normal daily activity

Although accelerometry is often used to assess sitting time and sitting patterns,
EMG could provide a good alternative by quantifying muscle activity during
daily activities. Muscle activity can be evaluated noninvasively from the surface
of the skin using EMG. Novel textile EMG shorts have been used for the long-
term recording of muscle activity and inactivity during normal daily life (Tik-
kanen et al. 2013). When compared with traditional EMG, textile EMG shorts
were found to be a valid and reliable tool for assessing muscle activity levels in
field conditions (Finni et al. 2007). The signals from the textile electrodes rec-



75

orded by EMG shorts are in good agreement with those from traditional bipolar
electrodes (Finni et al. 2007).

Several methodological issues have been discussed in detail in two recent
PhD theses, including threshold setting and the method used to normalize data,
which affect EMG intensity and duration (Pesola 2016; Tikkanen 2014). Based
on the postural hypothesis, Study III was consistent with some studies that
used 90% of the amplitude of EMGstanding as the threshold to separate muscle
inactivity from activity (Tikkanen et al. 2013; Finni et al. 2014; Pesola et al. 2014;
Pesola et al. 2015). Accordingly, there is clinically significant meaning behind
this threshold, and a recent study reported that muscle inactivity is adversely
associated with some cardio-metabolic biomarkers (Pesola et al. 2015). Howev-
er, another recent study suggested that a threshold of 60% of EMGestanding Was a
stronger predictor of sitting muscle inactivity time when compared with differ-
ent thresholds, including 90% of EMGegtanding (Pesola et al. 2016). Considering the
high heterogeneity of muscle activity during sitting (Pesola et al. 2016), multiple
comparisons with several thresholds is required, because of the sensitivity of
the threshold chosen (Klein et al. 2010). Moreover, instead of a treadmill test, in
Study III overground walking was used for data normalization, and thus to de-
termine the threshold for separating muscle light activity and moderate-to-
vigorous activity (Pesola et al. 2016; Tikkanen et al. 2013). There is evidence to
show that muscle activity patterns differ between overground and treadmill
walking, for example hamstrings and vastus medialis muscle activity are higher
in certain gait phases during overground walking (Lee & Hidler 2008). It seems
that using overground walking is considered to more closely replicate normal
daily activity.

Compared with traditional bipolar electrodes, EMG shorts with embed-
ded textile electrodes have a larger surface area, and measure from global mus-
cle groups rather than individual muscles. Although some superficial muscles
(e.g. quadriceps and hamstrings) can be assessed with EMG shorts during daily
activity, other major postural muscles cannot. It seems that postural muscles
including soleus and gastrocnemius are important contributors to metabolic
profiles during ambulation and upright activities (Hamilton, Hamilton &
Zderic 2007). This suggestion is supported by the results of Study IV, where
larger muscle activity was found in soleus and gastrocnemius during standing
compared to seated work. However, similar magnitudes of EMG activity were
found in the biceps femoris and vastus lateralis, and gastrocnemius medialis
and soleus during standing work, suggesting that the results of Study III are
representative of lower limb muscle activity patterns during work time.

Some data were excluded from analysis due to artifacts, although this had
a limited effect on the results due to channel averaging. Since EMG was record-
ed from the hamstrings and quadriceps of both limbs, the effect of exclusion of
single EMG channels on global muscle activity is rather small, as the majority of
daily activity is bilateral. For all but one participant, valid data were acquired
from at least one channel from each muscle. One recent study reported similar
mean relative ratios of EMG activity between the left and right lower limbs in
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various tests using EMG shorts, indicating symmetric muscle activity in the
lower limbs (Bengs et al. 2017). Furthermore, because data were only collected
with EMG shorts for one day, it is difficult to reliably conclude about habitual
muscle activity patterns during work time. Although some studies suggested
that activity levels are highly consistent across days for sedentary occupations
(Pesola et al. 2015; Baranowski et al. 2008), further studies should consider day-
to-day variability at an individual level.

6.4.4 Controlled laboratory setting

Study IV was conducted in the laboratory setting, where a controlled measure-
ment environment was used in order to eliminate potential confounding fac-
tors. In order to simulate a normal office work environment as closely as possi-
ble, participants were first familiarized with the laboratory layout, and during
the measurements were asked to perform their usual daily tasks, which includ-
ed Internet browsing, emailing, word document editing, reading materials and
other paper work. Furthermore, participants were asked to do the same task
during both experimental days in order to have comparable conditions. There
were no differences between conditions at the baseline assessment, suggesting
that the changes observed were due to changes in posture as opposed to exter-
nal factors. However, some between-subjects variance in dietary patterns and
profiles of fat, protein and carbohydrate may have influenced the results. Fu-
ture studies should standardize meals prior to measurement days to minimize
possible dietary effects on responsiveness. Moreover, previous studies have
provided a non-standardized lunch or a mixed test drink rather than a glucose
drink during the experiment (Buckley et al. 2014; Thorp et al. 2014), which may
induce different changes in postprandial blood glucose responses due to the
higher intake of energy and other macronutrients. Previous evidence suggests
that differences in nutritional composition can influence plasma glucose con-
centrations, whereby postprandial plasma glucose concentration was signifi-
cantly higher in a group that consumed a glucose drink than a group that con-
sumed a drink with glucose and protein (Roberts et al. 2013).

It is important to note that the acute effects observed after two hours of
exposure to continuous sitting and standing may not be extrapolated to long-
term exposures. The current setup also limited ambulatory activity due to the
measurements of respiratory gases and EMG. Measuring unilateral muscle ac-
tivity may have caused loss of some information about postural variations dur-
ing the measurements. Furthermore, this study was designed to include single
bouts of two hours continuous sitting/standing, with the goal of inducing ex-
plicit physiological changes under standardized conditions. It should be noted
that a period of two hours continuous standing may not be suitable for all par-
ticipants. It was not possible to measure full data from two participants during
standing work, as they reported feeling faint and unwell after the first hour.
This should be carefully considered in future studies, as ergonomic recommen-
dations suggest that continuous standing should be limited to one hour, and
include frequent adjustments of posture throughout the workday (Commissaris
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et al. 2006). Furthermore, before suggesting the potential effects of promoting
standing instead of sitting, a number of health- and work-related outcomes
should be considered such as lower limb discomfort and fatigue (Chester, Rys
& Konz 2002), entire body tiredness, alertness and performance (Ebara et al.
2008), leg swelling and venous blood pooling (Lin, Chen & Cho 2012), and low
back pain (McGill, Hughson & Parks 2000). Future studies should also aim to
identify the positive and negative effects of sitting/standing during desk work,
not only in a lab setting but also in an ecological environment.

6.5 Practical implications and future directions

As sedentary behavior is a global health issue, reducing sedentary time has
been recommended as a new workplace health priority. Working with a sit-
stand workstation provides a possible solution to replace sitting time with
standing. Studies are required to examine the effectiveness of this approach on
reductions in sedentary time and potential health impacts in order to translate
sit-stand interventions into practice. This study provided knowledge about in-
tervention-induced changes in occupational sitting and health indexes. It fur-
ther provided insight into the effects of using sit-stand workstations on muscle
activity and inactivity patterns among office workers, and their links to spinal
loading exposure under work conditions. While understanding of the underly-
ing physiological processes affecting health is required, this study added evi-
dence concerning metabolic responses during sitting and standing at work.
Research about self-reported sedentary time has focused on total sitting
time. However, domain- and behavior- specific questions may provide more
specific information about the time spent sitting. When leisure time sedentary
behavior and non-occupational sedentary time have been reported (Clark et al.
2009), the workplace has been identified as a key setting. Thus, further study is
required to evaluate the accuracy and reliability of self-reported occupational
sitting time. Only a few previous studies have examined the validity of
measures of occupational sitting time, and even fewer have identified postural
allocations by comparing with objective criterion measures (Healy et al. 2011;
Van Uffelen et al. 2010). Study I was initiated to examine the validity of self-
reported occupational sitting time, and although in recent years new studies
have emerged (Van Nassau et al. 2015; Chau et al. 2012), the current study in-
cludes several unique contributions. The amount of sitting time was quantified
as a proportion of worktime. This may be a useful instrument in large popula-
tion based studies, which are limited by space constraints for questionnaire
items (Chau et al. 2012). Furthermore, when a standardized approach to meas-
ure sedentary behavior is required (Healy et al. 2011), the use of continuous
variables may make it possible to directly compare various studies regarding
the proportion of work time spent sitting (Chau et al. 2012). However, further
examination of the units used to report sedentary and active time, for absolute
and relative variables, is required to enable appropriate comparisons. In addi-
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tion, there is limited research about intra- and inter-individual variability of
sedentary behavior (Edwardson et al. 2016b). In the current study, subject-
specific differences between subjective and objective sitting time were identi-
fied, as well as individual day-to-day variation of occupational sitting time.
These results may improve understanding of how office workers individually
accumulate their daily total sitting time at work. They may also bring new in-
sight into workplace interventions targeting intra- and inter-individual variabil-
ity of sedentary behavior at work. Furthermore, an important contribution of
this study is the comparison between self-report instruments and accelerometer
measures of sitting and upright postures (sitting and activity time) in the work-
place; these simple self-report measures could feasibly be used in large popula-
tion studies, which may ultimately help to establish associations between pos-
tural allocations and occupational health outcomes (Van Uffelen et al. 2010;
Castillo-Retamal & Hinckson 2011).

Given the potential health benefits of reducing sedentary time, the effec-
tiveness of working with a sit-stand workstation to reduce prolonged sedentary
exposure is promising. Sit-stand workstations also provide musculoskeletal
benefits with no impact, or even a positive impact on work performance. How-
ever, regarding the daily usage level of the sit-stand function in the real-world,
where there is no form of external prompting, it seems based on the results of
Study II that implementation of sit-stand workstations alone is not sufficient,
and that effective guidance (i.e. tailored counselling) is also required to improve
their usability. One recent study reported that the introduction of a sit-stand
desk equipped with a semiautomatic system for prompting the workers to
change the desk position led to higher usage of the sit-stand function than that
obtained only with a standard sit-stand desk. The consistency of usage patterns
between workers, and day-to-day consistency within workers across a period of
time were also highlighted (Barbieri et al. 2017). Although in the current study
the precise time allocation between sitting and standing was not examined, fu-
ture studies are needed to determine ergonomics guiding standards for optimal
usage ratios and postural variations in order to eliminate the possible negative
impacts of prolonged sitting and prolonged standing (Callaghan et al. 2015).
Furthermore, it should be noted that as the findings from Study II were heavily
reliant on questionnaire responses, recall bias may have influenced the results.
The results may reflect habitual patterns of sedentary behavior rather than ac-
tual time in the workplace, and could be influenced by the environment (Wall-
mann-Sperlich et al. 2014). Although the questionnaire regarding sitting was
validated by comparison to thigh-mounted accelerometry in Study I, with a
small sample size, caution must be applied, as the findings might not be trans-
ferable to epidemiological settings, and may be somewhat confounded by the
use of a convenience sample. Future studies should include objective measure-
ments such as thigh-mounted accelerometry to accurately capture sitting time.
Furthermore, it needs to be emphasized that the findings were made in partici-
pants that rated their health rather or very good. Therefore, the findings may be
even more marked in a population of workers with poorer self-rated health.
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Beyond simply reporting differences in sitting time, Study III also assessed
muscle activity and spinal shrinkage with objective measurements, and com-
pared office workers who either worked with a sit-stand workstation or tradi-
tional sit workstation in a real workplace. Study III is one of very few that have
measured muscle activity using EMG shorts with long-term recording, which
have been reported to provide an accurate and detailed assessment of muscle
activity patterns across the entire continuum of daily life (Tikkanen et al. 2013).
Compared with analysis of activity outcomes from accelerometers and postural
data (Chastin & Granat 2010), EMG as a direct measure of muscle activity pro-
vides further physiological insight into changes in muscle activity and inactivity
time, and the associated cardio-metabolic impact when reducing sitting time
(Tikkanen et al. 2014; Pesola et al. 2015). However, several considerations
should be noted for future studies. This cross-sectional study (III) included data
from only one workday, which could mask the effects of day-to-day variations
and result in potential bias. To counteract this limitation, the participants were
asked to choose a typical workday representative of their habitual daily work
(Baranowski et al. 2008) for the day of the measurements. Although several
studies have explored the optimal sit-stand ratio regarding health outcomes
(Paul & Helander 1995; Van Dieén & Oude Vrielink 1998), in the current study
no instructions were given regarding the sit-stand ratio but asked participants
to behave as they would on a typical workday. Regarding some outcomes, the
statistical power might have been too low to detect significant differences. For
example, the difference in the sum of the 5 longest inactivity periods was al-
most 20 minutes, but it was not statistically significant between groups. For fu-
ture studies, 17 participants in both groups would be required to achieve more
than 90% power for the primary outcome of muscle inactivity time. Larger-scale
randomized-controlled interventions with follow-up assessments are needed to
investigate the potential causal long-term impact of using sit-stand work-
stations on various health outcomes.

With regards to the postural based hypothesis of sedentary behavior,
Study IV highlighted the finding that the increased energy demand of standing
was fulfilled by mobilizing fat stores. While intermittent muscle contractions
may be one of the key mechanisms behind improving markers of metabolic
health, the role of muscle activity has not been assessed in the majority of exper-
imental studies (Benatti & Ried-Larsen 2015). Furthermore, most experimental
studies have focused on short periods of interrupted sitting (Benatti & Ried-
Larsen 2015), which may not produce significant reductions in sedentary time.
Sit-stand workstations represent a potential intervention tool for replacing
workplace sitting with standing. There is currently a need for acute experi-
mental studies that differentiate the independent effects of sitting and standing,
where the focus is on single bouts rather than interrupted sitting with short pe-
riods of activities. Although standing seems to have a positive effect on fuel
switching based on the current findings, longer periods of observation may
provide a better understanding of the longitudinal effects of standing.



7 MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions of this thesis can be summarized as follows:

1.

A brief self-report about estimated long-term sitting time at work as-
sessed via questionnaire, or short-term sitting time based on daily recall
may be suitable for different population health surveys, prospective co-
hort studies, and other studies that rely on questionnaires. However, alt-
hough both self-report instruments provide acceptable measures of oc-
cupational sitting time in an office-based workplace, their utility at the
individual level is limited due to large variability.

Working at a sit-stand workstation can lead to a reduction in occupation-
al sitting, as well as improved perceived musculoskeletal comfort and
work ability in office workers. However, encouragement and proper
guidelines of using sit-stand workstations may be required to promote
daily usage of the sit-stand function. In general therefore, when aiming
to reduce sitting time in an office setting, it seems that implementation of
sit-stand workstations alone is not sufficient, and that tailored counsel-
ling is also needed.

When considering potential health impacts, office workers using sit-
stand workstations had ~15% less muscle inactivity time and ~11% more
light muscle activity time compared to office workers using sit work-
stations during one work day. A difference in muscle inactivity of this
magnitude is mechanistically linked to acute, clinically significant cardio-
metabolic benefits (Pesola et al. 2015; Duvivier et al. 2013; Dunstan et al.
2012), and at the same time, using a sit-stand workstation does not seem
to be associated with greater spinal shrinkage.

In support of the posture-based hypothesis of sedentary behavior, main-
taining a standing posture at work increased muscle activity, energy ex-
penditure and plasma glucose concentration compared to sitting follow-



81

ing a glucose loading. Standing seems to induce fuel switching in favor
of fat oxidation for energy production, which may originate either from
oxidation of local fat stores or from elsewhere via delivery in the blood-
stream. Despite the acute increase in glucose concentration, especially in
the current setup after glucose loading, increased fat use during standing
might benefit metabolic flexibility and insulin sensitivity in the long
term.
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YHTEENVETO (FINNISH SUMMARY)

Korkeussdiddettivien tyopoytien mahdollisuudet vihentdd istuma-aikaa ja
vaikuttaa terveysmuuttujiin

Toimistotyohon liittyy tyypillisesti paljon istumista. Suuri pédivittdinen istumis-
aika tuo terveyshaittoja, joita voidaan pienentdd fyysiselld aktiivisuudella. Tyo-
ajalla istumisen vdhentdminen onnistuu esimerkiksi korkeussdddettdavan tyo-
poydén avulla, joka mahdollistaa tyon tekemisen joko istuen tai seisten. Sdan-
nollisesti tehtynd seisomaan nousu katkaisee pitkid istumisjaksoja ja mahdolli-
sesti vdhentdd istumisen terveyshaittoja. Taman véitoskirjan péddtarkoituksena
oli selvittdd miten paljon korkeussdddettavit tyopoydit voivat vahentdd tyope-
rdistd istumista ja tutkia onko niiden kaytolld vaikutuksia eri terveysmuuttujiin.

Viitoskirjan ensimmaisessd osajulkaisussa kysyttiin istumisaikaa kahdella
Iyhyelld kysymykselld, ja vastausten pdtevyyttd verrattiin reiteen kiinnitetyn
kiithtyvyysmittarin avulla tunnistettuihin asentoihin. Tulokset osoittivat ettd
suomalaiset ja kiinalaiset toimistotyontekijdt istuivat keskimaarin 79 % tyoajasta
kyselyyn perustuen ja 77 % tyoajasta objektiiviseen mittaukseen perustuen.
Vaikka kyselyt keskiméddrin antoivat hyvin ldhelle saman tuloksen kuin objek-
tiivinen mittaus, eivét kyselyt sovi yksilon istuma-ajan mittaamiseen suuren
vaihtelun vuoksi (osajulkaisu I). Kun kyselyyn perustuen verrattiin normaalilla
istumatyopisteelld tydskentelevien ja sdddettdvan tyopisteen saaneiden tyonte-
kijoiden istuma-aikaa 6 kuukauden intervention aikana, havaittiin jalkimmai-
selld ryhmalld ty6ajan istumisen vahentyneen n. 7 %. Saadettavalla tyopisteelld
tyoskentelevien tyontekijoiden tyokyky (p = 0.022) ja seldn ja hartioiden muka-
vuustuntemukset (p = 0.028) olivat istumatyopisteelld tyoskentelevid parempia.
Korkeussdatod kaytti paivittdin 41 % tutkittavista, ja heiddn tydajalla tapahtuva
istuminen vdheni 14 % (osajulkaisu II).

Poikkileikkausasetelman perusteella korkeussdddettiavad tyopistettd kayt-
tavilla tutkittavilla oli 11 % enemman kevyttd lihasaktiivisuutta ja 15 % va-
hemman reisilihasten passiivisuutta kuin istumatyopistetta kayttavillda. Reisili-
hasten passiivisuuden on aiemmin havaittu olevan yhteydessd suurempaan
veren triglyseridien maardan ja pienempaan HDL kolesterolin maardan. Tyo-
pédivan aikainen kehon pituuden muutos, joka heijastaa selkdrangan nikamava-
lilevyjen kokoonpuristumista, oli molemmilla ryhmilld yhtd suuri (osajulkaisu
II). Istumisen ja seisomisen akuutteja vaikutuksia biomekaanisiin ja fysiologi-
siin muuttujiin tutkittiin kontrolloiduissa laboratorio-olosuhteissa. Kahden
tunnin istumatydskentelyyn verrattuna seisominen vaati enemmdin jalkojen
mutta ei seldn lihasaktiivisuutta, ja kulutti 9 % enemmin energiaa ja 23 %
enemmadn rasvaa. Vaikka glukoosia oli saatavilla energiaksi tutkimuspédivan
aamuna annetun glukoosijuoman vuoksi, seistessd rasvojen osuus energianku-
lutuksesta kasvoi, milld voi olla positiivisia aineenvaihdunnallisia terveysvaiku-
tuksia (osajulkaisu IV).

Tamén viitoskirja osoittaa, ettd vaikka korkeussdddettdvit tyopisteet voi-
vat vdhentdd tyoperdistd istumista, ilman neuvontaa mahdollisuutta tydasen-
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non vaihteluun kéyttdd vain vajaa puolet tutkittavista. Kuitenkin sddnnolliset
seisomaan nousut lisddvat lihasten aktiivisuutta, energiankulutusta ja rasvan
kayttod energiaksi ja tuovat sen kautta terveyshyotyja.
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Abstract

Background: As sedentary behavior is a global health issue, there is a need for methods of self-reported sitting assessment. The accuracy and
reliability of these methods should also be tested in various populations and different cultural contexts. This study examined the validity of
long-term and short-term recall of occupational sitting time in Finnish and Chinese subgroups.

Methods: Two cohort groups of office-based workers (58.6% female, age range 2267 years) participated: a Finnish group (FIN, n=34) and a
Chinese group (CHI, n = 36). Long-term (past 3-month sitting) and short-term (daily sitting assessed on 5 consecutive days) single-item measures
were used to assess self-reported occupational sitting time. Values from each participant were compared to objectively measured occupational
sitting time assessed via thigh-mounted accelerometers, with Spearman’s rho (p) used to assess validity and the Bland-Altman method used to
evaluate agreement. Coefficients of variation depicted day-to-day variability of time spent on sitting at work.

Results: In the total study sample, the results showed that both long-term and short-term recall correlated with accelerometer-derived sitting time
(p=0.532, 95% confidence intervals (CI): 0.336 to 0.684, p < 0.001; p=0.533, 95% CI: 0.449 to 0.607, p < 0.001, respectively). Compared to
objectively measured sitting time, self-reported occupational sitting time was 2.4% (95% CI: —0.5% to 5.3%, p = 0.091) and 2.2% (95% CI: 0.7%
to 3.6%, p = 0.005) greater for long-term and short-term recall, respectively. The agreement level was within the range —21.2% to 25.9% for
long-term recall, and —24.2% to 28.5% for short-term recall. During a 5-day work week, day-to-day variation of sitting time was 9.4% + 11.4%
according to short-term recall and 10.4% * 8.4% according to accelerometry-derived occupational sitting time.

Conclusion: Overall, both long-term and short-term self-reported instruments provide acceptable measures of occupational sitting time in an
office-based workplace, but their utility at the individual level is limited due to large variability.

© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Accelerometry; Daily recall; Office workers; Questionnaire; Self-report; Sitting time; Validity

1. Introduction sitting is a major contributor to total daily sitting time among
office-based workers.”” As objective measurements are often
impractical, there is a need to develop and evaluate the accu-
racy and reliability of self-report measures of occupational
sitting.® Such measures should allow comparisons across dif-
ferent populations and cultures and be applicable in epidemiologic
research.’

Questionnaires are the most common self-report method
for assessing sedentary time.'”'* Unfortunately, the majority of
questionnaires exhibit a weak or low correlation between sed-
entary time and the criterion measure (range of correlation
coefficients from 0.16 to 0.44).” When compared with question-

Peer review under responsibility of Shanghai University of Sport. naires assessing recall over the past week or longer, shorter-
* Corresponding author. term recall has been suggested to reduce reporting errors in
E-mail address: yigao@jyu.fi (Y. Gao) estimates of usual levels of behavior.” However, studies are

A large amount of time spent in sedentary behaviors is
associated with several deleterious health outcomes including
all-cause mortality; cardiovascular disease incidence or mortal-
ity; cancer incidence or mortality; and type 2 diabetes in adults.'
Sedentary behavior is usually defined as any waking behavior
in sitting or reclining posture with low energy expenditure
(<1.5 metabolic equivalents.” On average, adults spend over
half of their waking hours sedentary and their sedentary time
accrues across multiple domains.>* In particular, occupational
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required to evaluate and compare the differences over varying
time frames of self-report assessment, such as long-term recall
of habitual sedentary behavior vs. short-term recall on a daily
basis.” In fact, short-term recall can bring new insights into
individual day-to-day variation of occupational sitting time,
which may facilitate workplace interventions targeting intra-
and inter-individual variability of sedentary behavior at work."

Previous ergonomics studies have identified individual work
postures (e.g., sitting, standing, etc.), and concluded that instru-
ments were sufficiently accurate for studying those work pos-
tures in relation to health effects in epidemiologic studies.'*!”
Similarly, Reis et al.'"® developed the Occupational Physical
Activity Questionnaire to identify the amount of time spent
in specific occupational categories:'” “1) sitting or standing,
2) walking, and 3) heavy labor,” where the Spearman correla-
tion with sitting or standing was 0.37 against 7-day occupa-
tional physical activity (PA) records.'® Further examination of
separated occupational sitting and standing is required, particu-
larly for the assessment of self-administered occupational
sitting time, as sit-stand workstations have been recently intro-
duced in workplace settings.'® Chau et al.'” assessed 2 brief
instruments including an Occupation Sitting and Physical
Activity Questionnaire (OSPAQ), which quantifies percentage
time spent in different activities at work. The results showed
moderate correlations for measuring occupational sitting and
standing time (Spearman’s rho (p) =0.65 and 0.49, respec-
tively), suggesting that it is a suitable method for measuring
sitting and standing as discrete indicators.”” In addition, the
questions were sufficiently valid and responsive to changes over
time in the sit-stand transition when compared with stronger
relevant criterion measures of different postures.”’ However,
their validation studies were mainly conducted in Australia,
which may limit the generalizability of the results to different
populations. The concepts and contextualization may vary in
different cultural contexts, which could affect self-reported sed-
entary time.”' Thus it is important to examine and compare
methods of self-reported occupational sitting assessment in
different countries.

Most studies have used hip- or waist-worn accelerometers as
criterion measures based on body movement, where sedentary
time is usually classified as accelerometer counts per minute
less than 100.” However, this may result in misclassification of
low intensity non-sedentary behaviors. As these devices do not
detect body position, they cannot distinguish sitting time from
standing.”? Thus, the absolute difference between self-reported
and accelerometer-measured values may have been under- or
overestimated.” Recently, direct measures of postural aspects
of sedentary behaviors have been developed. In particular,
thigh-mounted accelerometry can identify distinct postures.” 2
However, only a few recent validity studies have examined
self-reported sitting time at work compared with thigh-mounted
accelerometry as criterion measures.”*?’

This study assessed the validity of 2 brief instruments for
measuring occupational sitting time. We evaluated the criterion
validity of long-term and short-term recall of occupational
sitting time by comparing the results with thigh-mounted
accelerometry in Finnish and Chinese office-based workers.

JSHS411_proof M 7 July 2017 M 2/8
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2. Methods
2.1. Recruitment, study sample, and procedures

This study was conducted between February and October
2013. Recruitment for the study took place in the cities of
Jyviskyld, Finland and Hangzhou, China. Jyviskyld is located
in central Finland with a population of 135,591 in 2015 (Popu-
lation Register Center of Finland). Hangzhou is the capital and
largest city of Zhejiang Province in Eastern China with a reg-
istered population of 9,018,000 in 2015 (www.zj.stats.gov.cn).
Recruitment was achieved by advertising the study on webpages,
placing flyers in public places, and individually by word-of-
mouth. The study received ethics approval from the Ethics
Committee of the University of Jyviskyld. No monetary incen-
tive was offered to the participants.

A total of 131 individuals responded to an internet-
administered questionnaire, of whom 70 agreed to attend an
initial interview (participation response 53.4%) where they pro-
vided written informed consent to participate in the study, and
all of them completed the study components including objec-
tive measurements. Participants in this study were office-based
workers, over 18 years old, ambulatory, and non-pregnant. The
sample of 70 contained 2 cohort groups: a Finnish group (FIN,
n=34) and a Chinese group (CHI, n =36). In the FIN group,
participants were mostly university employees (82% Finnish),
and included researchers, teachers, administrative workers,
assistants, professors, and technical workers. In the CHI group,
participants (100% Chinese) had office-based occupations from
different workplace settings, such as office workers, adminis-
trative workers, bankers, and IT workers.

The timeline of the procedures is shown in Fig. 1. All par-
ticipants attended an initial interview where they were
instructed to wear a triaxial accelerometer (X6-1a: Gulf Coast
Data Concepts Inc., Waveland, MS, USA) secured to the mid-
anterior thigh by using a flexible bandage (Pharmacare Sport,
Oriola Oy, Espoo, Finland) for 5 consecutive workdays (by
default a typical work week with 5 workdays), except when sick
or not at work. Participants were individually given verbal and
written instructions on how to position the accelerometer. They
were asked to wear the device continuously from when they
arrived at the workplace until the end of the workday. In addi-
tion, they were asked to keep a daily activity log where they
recorded what time they came to and left the office, the exact
time when they put on and took off the accelerometer, and other
events. If they removed the device during work time, this

Internet- Daily recall
administered
questionnaire D D D D D
| | | | |
\
Initial Accelerometry during each workday
interview

Fig. 1. Timeline of the procedures. The internet-administered questionnaire to
assess long-term occupational sitting was administered before the initial
interview, and the daily recall of occupational sitting time (D) was assessed at
the end of each workday. Accelerometer data were obtained during each
workday.
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information was also recorded in logs, accompanied by the
reasons (e.g., noon nap in CHI group). They were further asked
about the type of their workstation, and those who used a
sit-stand workstation were asked to note the time when it was
used to sit or stand at work. All the materials were translated to
Finnish, English, or Chinese language and checked by native
speakers. The questionnaire versions were pilot tested before
the validity study.

2.2. Demographic and physical characteristics

The questionnaire was implemented electronically using
SPSS Dimension mrlnterview (Version 5.5 IBM Corp.,
Armonk, NY, USA), as used previously.”® This system was
based on the e-mail distribution of a link to the actual survey
and completed via a web browser on the Internet. It included
age, height, body mass, gender, education, overall health status,
and PA level.”” Body mass index (BMI) was calculated.

2.3. Self-reported occupational sitting time

Long-term recall was assessed using an internet-administered
question: “How much of your entire workday, on average, did
you sit during the last 3 months? (0-100% of worktime).”
Short-term recall of occupational sitting time, which was as-
sessed after each workday, involved a single-item question:
“How much of your entire workday, on average, did you sit
today? (as a percentage 0—100%).” The duration of work time
was obtained from each individual’s daily activity logs.

2.4. Accelerometer-measured occupational sitting time

Thigh-mounted accelerometer data, recorded during the
same days as the assessment of short-term recall, were used to
classify an individual’s activity into sitting or activity (standing
or walking), and to calculate these values as a percent of
recorded work time. The initial utilities setting of the acceler-
ometer was low gain (+ 6 G) at a sampling frequency of 20 Hz
with 16-bit resolution (sensitivity: 0.000183105 G), and the
internal clock of the accelerometer was synchronized with a
local online computer. All data analysis was performed using a
custom-made script called OpenSALTO (https://github.com/
mhavu/OpenSALTO), where data were transformed into a polar
coordinate system. Inclination in the sagittal plane was low-
pass filtered with 1-Hz cutoff. Sitting and upright positions
(standing or walking) were discriminated on the basis of the
angle of inclination of the thigh relative to gravity. A threshold
of 45° from horizontal was set for the transition from sedentary
to upright posture or the reverse, as done previously.”® The
analysis was set to detect a given posture with a minimum 5-s
duration. This method is highly valid for classifying body pos-
tures to measure sitting time in adults by comparison with direct
observation (mean difference of 0.19%, limits of agreement:
~0.68% to 1.06%), both in the laboratory®” and in the free-
living setting,’’*” and was confirmed in pilot tests to work
accurately with the device used in the present study. All results
were exported to Microsoft Excel 2010 (Microsoft, Redmond,
WA, USA) with date- and time-stamped information, where
non-wear time was discarded based on individually reported
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non-wear episodes in their logs. Data were considered valid if
participants wore the accelerometer for at least 3 workdays
during working hours, which is considered to be sufficient to
determine habitual PA among adults.” Accelerometer data were
compared on a day-to-day basis with short-term recall results so
that 3-5 comparisons were performed for each participant,
while the questionnaire for long-term recall was compared to
the accelerometer data averaged over the measurement days.

2.5. Statistics

Statistical analyses were conducted using IBM SPSS for
Windows Version 22.0 (IBM Corp., Armonk, NY, USA). A
probability level of p < 0.05 (two-tailed) was considered statis-
tically significant. Values are presented as means + SD or %
(n) unless otherwise indicated. Differences in participant char-
acteristics between groups were tested using an independent ¢
test (normal data) or Mann-Whitney U test (non-normal data)
for continuous variables, and y* test or y* test with Fisher’s
exact test for categorical variables. For day-to-day variability,
coefficients of variation (CV) were calculated for short-term
recall and thigh-mounted accelerometer-measured occupa-
tional sitting time. The absolute difference between the
long-term recall results was compared to the averaged daily
short-term recall occupational sitting time using Wilcoxon
signed-rank test. For validity, Spearman’s rho (p) was calcu-
lated for self-reported (long-term and short-term) and
accelerometer-measured occupational sitting time in the total
study sample and the 2 cohort groups. The 95% confidence
intervals (CI) for the correlations were calculated using Fisher
transformation. The strength of correlation as indicated by
Spearman’s rho (p) was interpreted as weak (<0.30), low (0.30—
0.49), moderate (0.50-0.69), strong (0.70-0.89), or very strong
(20.90).** Agreement between self-reported and accelerometer-
measured occupational sitting time was calculated for the total
sample with 2 cohort groups using the Bland-Altman method.”
Plots were presented with mean difference and 95% limits of
agreement (£1.96 SD).

3. Results

Participant characteristics and occupational sitting time
are presented in Table 1. Participants were 58.6% female, aged
22-67 years, and had a BMI of 17.1-30.1 kg/m?. All reported
their education to be above college level, thus education level
was further classified as college or university level and higher
education level, which included academic degree and academic
postgraduate qualifications. Compared with FIN group, CHI
group was younger (p <0.001) and shorter (p =0.043), and
had lower weight (p <0.001), BMI (p =0.001), education
level (p <0.001), self-rated health (» <0.001), and fewer met
PA guidelines (p < 0.001).%

Valid accelerometer data for at least 3 workdays were
obtained from 68 participants (78% completed 5 workdays).
In total, data were analyzed from 322 days (FIN: 162 days;
CHI: 160 days). The length of recorded work time averaged
455.4+61.0 mins per workday in the total sample, and there
was no difference between groups. No differences were found
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Table 1
Participant characteristics and occupational sitting time.
Total (n=70) FIN (n =34) CHI (n=36) p values
Age (year) 33.1+10.7 39.6+11.5 269+4.6 <0.001
Height (cm) 168.3 £8.5 170.5+8.6 166.3+7.9 0.043
Body mass (kg) 633+12.5 68.2+10.8 58.6+12.4 <0.001
BMI (kg/m?) 222+3.0 234+25 21.0+£3.0 0.001
Proportion of females 58.6 (41) 58.8 (20) 58.3 (21) 0.967
Education <0.001
College or university level 38.6 (27) 59 (2) 69.4 (25)
Academic graduate level 61.4 (43) 94.1 (32) 30.6 (11)
Self-rated health <0.001
Very good or rather good 62.9 (44) 88.2 (30) 38.9 (14)
Average, rather poor, or very poor 37.1 (26) 11.8 (4) 61.1 (22)
Use of sit-stand workstation 18.6 (13) 382 (13) 0.0 (0) <0.001
PA level * 214 (15) 412 (14) 2.8 (1) <0.001
Occupational sitting time
Long-term recall (%) 79.0+13.5 76.2+14.7 81.8+11.8 0.120
Short-term recall (%) 79.3+£14.3 77.3+£16.4 81.2£12.0 0.309
Accelerometer measured (%) * 76.6+12.4 73.2+12.8 80.1+11.1 0.017
Recording time (min) * 4554 +61.0 4473 £54.7 463.5+66.6 0.280

Note: Data are shown as mean + SD or % (n).

* Meeting the updated physical activity and health recommendations.””
# Missing n =2 in CHI group.

Abbreviations: BMI = body mass index; PA = physical activity.

in long-term or averaged daily short-term recall of occupational
sitting time between groups, however FIN group had ~7%
less sitting time according to accelerometer data (p =0.017).
Furthermore, ~39% of Chinese participants reported that
they removed the device on at least 1 workday due to work-rest
schedules (e.g., noon nap during work time) for an average of
101.5 = 48.4 min (range 17-204 min) per day per person. None
of the CHI group used a sit-stand workstation, whereas ~39%
of participants in the FIN group did.

The day-to-day variation was 9.4% * 11.4% for short-term
recall and 10.4% + 8.4% for accelerometer-measured occupa-
tional sitting time for the total sample. Fig. 2 shows subject-
specific differences between daily short-term recall and
accelerometer-measured occupational sitting time. FIN group
exhibited higher day-to-day variation in both short-term recall
(12.8% £ 14.1% vs. 6.3% * 6.8%, p = 0.012) and accelerometer-
based sitting time (13.3% % 10.0% vs. 7.6 £ 5.2%, p =0.012)
than CHI group. No absolute difference was found between
long-term and averaged daily short-term recall occupational
sitting time (p = 0.815).

Long-term recall and accelerometer-measured sitting time at
work correlated in the total study sample (p =0.532, 95% CI:
0.336-0.684, p <0.001), as well as in FIN group (p =0.450,
95% CI: 0.132-0.684, p = 0.008) and CHI group (p=0.515,
95% CI: 0.214-0.727, p = 0.002). Similarly, short-term recall
and accelerometer-measured sitting time for each work day
correlated in the total study sample (p = 0.533, 95% CI: 0.449—
0.607, p <0.001), in FIN group (p=0.600, 95% CI: 0.491—
0.691, p<0.001), and in CHI group (p=0.459, 95% CI:
0.326-0.574, p < 0.001).

Fig. 3 shows the Bland-Altman plots for long-term and daily
short-term recall and accelerometer-measured occupational
sitting time for the total study sample separated by groups. The

mean difference between long-term recall and averaged
accelerometer-measured results was 2.4% (95% CI: 0.5% to
5.3%, p = 0.091) for the total sample, 3.0% for FIN group (95%
CI: —1.6% to 7.5%, p = 0.180), and 1.8% for CHI group (95%
CI: -2.1% to 5.6%, p = 0.293). The agreement level was gen-
erally within the —21.2% to 25.9% range (£1.96 SD). Similarly,
the mean difference between each short-term recall and the
corresponding daily accelerometer-measured value was 2.2%
(95% CI: 0.7% to 3.6%, p = 0.005) for the total sample, 4.0%
for FIN group (95% CI: 1.8% to0 6.2%, p < 0.001), and 0.3% for
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Fig. 2. Differences between averaged daily short-term recall (triangles) and
accelerometer-measured occupational sitting time (squares) for each partici-
pant. Data are organized according to the amount of objectively measured
sitting time so that participants who sat the most are on the right side and
those who sat the least are on the left. Standard deviations denote day-to-day
variation (3-5 workdays) in occupational sitting time. Dashed arrows indicate
participants who used adjustable sit-stand workstations. ACC = accelerometer;
CHI = Chinese group; FIN = Finnish group.
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the average of them (%). The solid line represents the mean and the dashed
lines represent the 95% limits of agreement (1.96 SD). CHI = Chinese group;
FIN = Finnish group.

CHI group (95% CI: —1.7% to 2.2%, p = 0.807). Agreement
levels were generally within the —24.2% to 28.5% range
(£1.96 SD).

4. Discussion

This study examined the criterion validity and absolute
agreement of 2 brief self-reported measures of occupational
sitting time, assessed by long-term and short-term recall, in a
sample of Finnish and Chinese office-based workers. Criterion
measures were compared with thigh-mounted accelerometer
data, which were used to isolate sitting time. The findings
suggest that both self-reported measures are acceptable (<3%
difference compared to accelerometry) for assessing the pro-
portion of work time spent sitting at a group level, but not
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necessarily at an individual level. Similar moderate correlations
with objective measures were observed regardless of whether
workers were asked about short- or long-term occupational
sitting time.

Both long-term and short-term recall resulted in an average
occupational sitting time of 79%, indicating that short-term
recall adequately represented habitual occupational sedentary
behavior. In addition, from the results of day-to-day variations
in occupational sitting time, the overall range of CV% was less
than 15% (6%-13%) of short-term recall and accelerometer-
measured data from 5 workdays. This is comparable with a
previous validation study that reported differences in CV%
between past day recall and activPAL measured sedentary
time of 16%-19% among adults.*® In the present study, FIN
group exhibited higher variations in daily occupational sitting
time compared with CHI group. This may have been caused by
several potential factors such as differences in sociocultural
determinants, where work culture possibilities affect one’s
habitual occupational sedentary behavior.* For example, par-
ticipants in the FIN group were mostly university employees,
and they may have had more flexible work schedules than those
in CHI group, who were employed by companies with fixed
work schedules. Importantly, some participants from FIN group
used sit-stand workstations and it seems that they tended to
have lower occupational sitting time, which likely also contrib-
uted to the greater variation, as noted previously.”*

The validity of detailed workplace-specific measures to assess
occupational sitting time has been reported in some studies.'**’
While quantifying the time spent in different postures may
help to elucidate the associations between occupational sitting
time and health outcomes,” few validity studies have exam-
ined subjective measures against accurate criterion measures
that can distinguish between postures such as sitting or stand-
ing still.*’ Our study allowed us to separate sitting and upright
postures to quantify sitting time at work. Overall, the long-
term recall questionnaire and short-term recall single-item question
exhibited similar validity. The range of Spearman’s rho (p)
was 0.336-0.684 in the total sample. Although the correlations
found in our study were low to moderate, they seem to be at
least as strong as those for global sitting time measured with
the International Physical Activity Questionnaire or Global
Physical Activity Questionnaire in the general population
(p=0.07-0.61)."""%* Our results are also comparable to those
of other studies that have examined the criterion validity of
office-based sedentary time with accelerometry (p = 0.27-0.65)."
Furthermore, we used a brief single-item question about occu-
pational sitting time administered at the end of each work day.
Shorter term recall has been suggested to improve self-report
accuracy.” Although we found similar results of short- and
long-term recall in the total sample, the difference between
short-term recall and accelerometer-measured occupational sitting
time was smaller in CHI group (mean difference 0.3%; equal
to less than 2 min vs. 4.0% in FIN). This may have been
caused by large day-to-day individual variability in occupa-
tional sitting time, which was larger in FIN than in CHI.

Long-term and short-term recall occupational sitting
time estimates were both close to the accelerometer-measured
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proportion of sitting time at work (mean differences were 2.4%
and 2.2% respectively, equal to 11 min). This level of accuracy
is comparable with results from the majority of occupational
validation studies, which reported mean differences from
2 min/day to 27 min/day,"**7** suggesting that our method is
suitable for surveillance purposes in large populations where it
is desirable to estimate occupational sitting time at a group
level. However, the limits of agreement were wide, whereby
over- or underestimation generally varied between —24% and
28% (£1.96 SD), which is equal to more than 100 min. Thus,
these measures may be less useful in studies that require a high
level of accuracy at the individual level, such as smaller scale
intervention studies. In these cases, self-report measures may
be more appropriate as complementary information to objective
measures. Overall, our brief single-item question about occu-
pational sitting time may be sufficient to rank office-based
workers on the basis of sitting time in large-scale workplace
population studies.

In the current study, we quantified the amount of sitting time
as a proportion of worktime. This may be a useful instrument in
large population based studies, which are limited by space
constraints for questionnaire items.'” Furthermore, when a stan-
dardized approach to measure sedentary behavior is required,”
the use of continuous variables may make it possible to directly
compare various studies regarding the proportion of work time
spent sitting.'” However, further examination of the units used
to report sedentary and active time, for absolute and relative
variables, is required to enable appropriate comparisons. In
addition, there is limited research about intra- and inter-
individual variability of sedentary behavior.”> In the current
study, we identified subject-specific differences between sub-
jective and objective sitting time, and individual day-to-day
variation of occupational sitting time. These results may
improve understanding of how office workers individually
accumulate their daily total sitting time at work. Furthermore,
an important contribution of this study is the comparison
between self-report instruments and accelerometer measures of
sitting and upright postures (sitting and activity time) in the
workplace; these simple self-report measures could feasibly be
used in large population studies, which may ultimately help to
establish associations between postural allocations and occupa-
tional health outcomes.”**!

However, the current study also has some limitations.
Although this study used 2 cohort groups, which included par-
ticipants from Finland and China, the study samples were small
and may not be representative of the larger population. Partici-
pants were office-based workers, so these findings may not be
representative of other occupations. Further examination of the
utility of self-reported measures is recommended in different
occupations with more varied patterns of sitting. Although the
current study used 2 brief instruments to assess occupational
sitting time, both of them may have been susceptible to random
and systematic reporting errors.” While questionnaires contain-
ing several questions at a time may be associated with contami-
nation, the 2 self-report measures used in this study were
administered at different time points, which minimizes this
potential bias. In addition, few studies have examined the
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ability of self-report measures to detect behavior changes over
time.”” Although in the current study we did not assess respon-
siveness to changes in occupational sitting, in our previous
study we found that self-reported occupational sitting time
decreased by ~14% after 6 months of daily use of a sit-stand
workstation.”® This difference is large compared to the mean
difference of 2.2%-2.4% between self-report and objective
measures in the present study, suggesting that our self-report
measures could be sensitive enough to detect longitudinal
changes in sitting time at the population level. However, further
studies are needed to test this hypothesis.

5. Conclusion

A brief questionnaire about estimated sitting time at work,
based on either long-term or short-term recall, may be suitable
for different population health surveys, prospective cohort
studies, and other studies that rely on questionnaire items.
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Appendix: 1

Internet-administered questionnaire regarding occupa-
tional sitting time during the last three months

English version
How much of your entire workday, on average, did you sit
during the last 3 months? (0-100% of worktime)
%

Finnish version
Kuinka paljon viimeisen 3 kk aikana olet keskimdérin
istunut koko tydajastasi? (% tyoajasta, 0-100)
%

Chinese version
R EMEANH, ER— RO TAENE G, P,
PRARE BRI (I o TAERE R E 4 L3RR 0-100%)
%
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