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and women (lower panel). The energy balance model predictions
assumed a 5 day work week. For both men and women the
predicted weight based on changes in occupational energy
expenditure closely matches the NHANES weight for each
examination period.

Discussion

Over the last 50 years in the U.S. there has been a progressive
decrease in the percent of individuals employed in goods producing
and agriculture occupations whereas there has been an increase in the
percent of individuals employed in service occupations. This has
resulted in a shift away from occupations that require moderate
intensity physical activity to occupations that are largely composed of
sitting and sedentary behavior. In the early 1960’s almost half of

private industry occupations in the U.S. required at least moderate
intensity physical activity and now less than 20% demand this level of
activity. We estimate that daily occupation-related energy expendi-
ture has decreased by more than 100 calories in both women and
men, and further, this reduction in occupational energy expenditure
accounts for a large portion of the observed increase in mean U.S.
weight over the last 5 decades.

Examining secular changes in total daily physical activity is a
complex endeavor. Two examples include the observation that
time spent in recreational activities has increased but so has time
spent watching TV. At the same time, time spent on household
work has greatly decreased in women but slightly increased in men
[6]. Dissecting the relative importance of each of these activities of
daily living on body weight is challenging. Here we chose to focus
on occupation-related energy expenditure because time spent at
work represents the largest segment of waking hours for most
people in the age range we studied. It is important to note that we
examined the prevalence of different occupations, not absolute
number of jobs in a given occupation. This is important because
the workforce is not a static population and over the last 50 years
the prevalence of Americans in the Labor Force has increased
from approximately 40% to 50% [18]. One of the driving forces
behind the increased prevalence of working Americans is the
increase of women in the work force. In 1970 43% percent of
women were in the labor force and by 2007 this increased to 60%
of women. This fact may also explain why occupation-related
energy expenditure estimated a higher mean weight during the
years of 1971 to 1994 but closely matched the mean weight of
women from NHANES during the period of 1999–2002 [18].

Given that it is unlikely that there will be a return to occupations that
demand moderate levels of physical activity; our findings provide
further strong evidence of the public health importance of promoting
physically active lifestyles outside of the work day. Our estimation of a
reduction of more than 100 calories per day in occupation-related
energy expenditure over the last 50 years would have been adequately
compensated for by meeting the 2008 federal physical activity
recommendations of 150 minutes per week of moderate intensity
activity or 75 minutes per week of vigorous intensity activity [13].
While it is often noted that the prevalence of Americans who achieve
this recommendation has been constant over recent decades, the fact
remains that based on self-report data only 1 in 4 Americans achieve

Table 1. Estimated median and range of physical activity
intensity (METs) as well as the estimated caloric expenditure
of each occupation.

METs
Median (min, max)

Activity
Category

Farm Jobs 3.0 (2.5, 4.5) Moderate

Goods-Producing

Mining and logging 3.8 (3.0, 8.0) Moderate

Construction 4.0 (1.5, 7.5) Moderate

Manufacturing 3.0 (1.5, 4.0) Moderate

Service-Providing

Trade (wholesale & retail),
transportation, and utilities

2.0 (1.5, 3.0) Light

Information 1.5 (1.5, 1.5) Sedentary

Financial activities 1.5 (1.5, 1.5) Sedentary

Professional and business services 1.5 (1.5, 2.0) Sedentary

Education and health services 2.5 (1.5, 4.0) Light

Leisure and hospitality 2.5 (1.5, 3.5) Light

Other services 2.5 (1.5, 3.0) Light

doi:10.1371/journal.pone.0019657.t001

Figure 2. Trends in the prevalence of sedentary, light and moderate intensity occupations from 1960 to 2008.
doi:10.1371/journal.pone.0019657.g002

Trends in Occupation Physical Activity & Obesity

PLoS ONE | www.plosone.org 4 May 2011 | Volume 6 | Issue 5 | e19657
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Att mäta rätt är viktigt!

the lowest group, respectively. However, both studies
combined different measures of sedentary behavior (TV-
viewing mostly, and sitting time) in their analyses, and neither
study examined dose-response relationships for daily total
sitting time. Furthermore, earlier meta-analyses did not
compare associations between sitting and mortality, with and
without adjusting for physical activity. Our meta-analysis
demonstrates the attenuation of mortality risk for daily sitting
time after taking physical activity into account, by presenting
results for models with and without adjustment for physical
activity.

Five of the six studies included in this meta-analysis
assessed total sitting time through single-item self-report
measures, and measurement error in reported sitting time
could have led to misclassification and attenuation of the risk
estimates observed in these studies[31,37]. This may have
resulted in an underestimation of the strength of the underlying
association. The only study that used an objective measure of
sedentary behavior showed a much stronger association with
all-cause mortality[30]. However, this was also the smallest

Figure 2.  Associations of daily total sitting time with all-
cause mortality risk with adjustment for physical
activity.  A: Spaghetti plot of the raw Hazard Ratios (HR) for
all-cause mortality from each study sample, by dose of daily
total sitting time, with multivariable adjustment including for
physical activity. The bold solid line denotes the pooled HR
estimate from the fitted spline model and the dotted lines the
95% confidence limits. B: Forest plot of the HR per-hour
increase in sitting with multivariable adjustment including for
physical activity. (n=7 samples from 6 studies).
doi: 10.1371/journal.pone.0080000.g002

study (145 deaths) and the average follow up was relatively
short (2.8 years), which increases the risk of reverse causality.
A relatively short follow up period was also a limitation of two
other studies[10,33]. Nonetheless, all three studies that had a
short follow up period conducted sensitivity analyses in order to
check for potential reverse causality (at least by excluding
people who died in the first year), and all three reported similar
associations between sitting time and all-cause mortality in
their sensitivity analyses[10,30,33].

Although our pooled estimates were based on prospective
cohort studies, with analyses that corrected for multiple
potential confounders, there remains the possibility of
unmeasured confounding or reverse causality in the included
studies. All studies in this meta-analysis adjusted their
analyses for age and physical activity, while four out of six
studies also adjusted for sex, and five studies for education
and/or smoking (Table 1). Other confounding variables that
were taken into account in the studies in this meta-analysis
included race, alcohol intake, geographic location, BMI,
occupation and marital status. Further, four studies adjusted for

Figure 3.  Associations of daily total sitting time with all-
cause mortality risk with no adjustment for physical
activity.  A: Spaghetti plot of the raw Hazard Ratios (HR) for
all-cause mortality from each study sample, by dose of daily
total sitting time, with multivariable adjustment but not for
physical activity. The bold solid line denotes the pooled HR
estimate from the fitted spline model and the dotted lines the
95% confidence limits. B: Forest plot of the HR per-hour
increase in sitting with multivariable adjustment but not for
physical activity. (n=5 samples from 5 studies).
doi: 10.1371/journal.pone.0080000.g003

Daily Sitting Time and All-Cause Mortality

PLOS ONE | www.plosone.org 11 November 2013 | Volume 8 | Issue 11 | e80000
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both). These authors compared the highest sedentary group
with the lowest and identified stronger and more consistent
positive associations of high sedentary time with the relative
risk of T2D (10 studies, RR 112 %); however, significant
positive associations were also shown for the risk of CVD (3
studies, RR 147 %), and cardiovascular (7/8 studies, HR
90 %) and all-cause (8/8 studies, HR 49 %) mortality. None-
theless, 6 of the included studies did not adjust for physical
activity levels and the meta-analysis was unable to examine
dose-response relationships.

Chau et al [34••] reported the findings of a meta-analytic
review (having identified 6 relevant studies) quantifying the
prospective associations and dose-response relationships of total
daily sitting time and all-cause mortality risk. After adjustment
for MVPA, which had a moderate protective role (18 % reduc-
tion inmortality risk), dose-responsemodelling estimated a 34%
highermortality risk for adults sitting 10 hours/day vs 1 hour/day.
Every hour of daily sitting time was associated with a 2 %
increase in all-cause mortality risk. Notably, this incremental
association increased to 5 % for those sitting >7 hours/day. An

estimate of attributable fractions suggests 5.9 % of deaths could
be ascribed to daily sitting time, statistics that are comparable to
recent World Health Organisation [2] estimates for obesity (5 %)
and inactivity (6 %).

Beneficial Impacts of Breaking Up Sedentary Time: Using
accelerometer measured sedentary time for 168 adults from
the AusDiab study, Healy et al [35••] observed that participants
who had mostly uninterrupted sedentary time (ie, sat for
prolonged, unbroken periods of time) had a poorer cardiomet-
abolic health profile (waist circumference, triglycerides, and
blood glucose) compared with those who had more frequent
breaks in their sedentary time. These findings were later con-
firmed in a large, representative, multi-ethnic, population-based
sample (National Health and Nutrition Examination Survey),
although only waist circumference and C-reactive protein
showed consistent negative associations [20•]. Importantly,
both these studies adjusted for total sedentary time, suggesting
not only the total amount of sedentary time, but also the manner
in which it is accumulated, are important.

Fig. 2 Continuum of time spent sitting (vertical line) and in MVPA
(horizontal line) as 2 distinct classes of behavior. Plus signs=healthier
behavior pattern. Minus signs=riskier behavior pattern. Note:
peripatetic=“to move around, and/or perambulate” and denotes not

participating in MVPA, but sitting very little. (Adapted from: Ekblom-
Bak E, Ekblom B, Hellenius ML. Less sitting as important as increased
physical activity. Lakartidningen. 2010;107:587–8) [25]

522, Page 4 of 11 Curr Diab Rep (2014) 14:522



physical activity and the significance of both physical activity
and sedentary behavior for health outcomes [14, 15••].

In an adaptation of the graphic originally published by
Swedish researchers [25], Fig. 2 illustrates how MVPA,
light-intensity activity, and sedentary time are manifested in
real life. The highest proportion of the adult populations from
developed and developing countries can be found in the
lower-left quadrant—not engaging in MVPA and spending
much of their waking hours sitting. However, sedentary time
and physical activity can coexist (the Active Couch Potatoes
[15••]) as is illustrated by the lower-right quadrant: a common
example includes a desk-bound office worker who sits most of
the day, but exercises in the morning before work.

Another behavior pattern (top left quadrant in Fig. 2), but
less common, can be characterized as peripatetic (derived
from Greek Aristotle origins peripatein, “to move around,
and/or perambulate”). In this context the individual is not
participating in MVPA, but sitting very little. For optimal
health outcomes, low levels of sitting time and participation
in MVPA (the top right ‘peripatetic & active’ quadrant) would
be what are considered to be the most desirable. However,
with highly sedentary populations, it may be a more realistic
strategy, at least initially, to encourage the adoption of the
‘peripatetic and inactive’ (top left) quadrant. Examples of
simply being peripatetic include low intensity movements like
standing and light walking, such as a shop keeper who may be
‘on their feet’ most of the day. The potential for increasing
levels of such light-intensity physical activity, particularly as a
corollary of reducing sedentary behavior, as a public health
strategy will be discussed later.

Both self-reported sedentary behaviors, such as television
viewing time and objectively assessed sedentary time, are

only weakly associated with the amount of time spent in
MVPA [26–28]; to reiterate the earlier point, being sedentary
is not the same as being physically inactive. Moreover, a
recent study in young healthy participants showed that in-
creasing MVPAwas not linked to lower sedentary time [29].
Research is also beginning to show that regardless of whether
people are meeting public health physical activity recommen-
dations (ie, ≥ 150 minutes/week of MVPA), there are still
adverse cardiometabolic consequences from exposure to
prolonged bouts of sitting [7, 15••, 30–33]. These findings
have added further corroboration to the argument that seden-
tary behaviors are a separate cluster of behaviors that may
impose distinct cardiometabolic risks to that of physical
inactivity.

Effects of Too Much Sitting on Cardiometabolic Risk

Evidence from Observational Studies on Sitting Time
and Health Outcomes

There is now a reasonably consistent base of epidemiologic
evidence reporting deleterious associations of sedentary be-
havior with cardiometabolic health and mortality in adults.
Grontved and Hu [6] published a meta-analysis of 8 prospec-
tive studies showing positive associations of television view-
ing time with T2D, CVD, and all-cause mortality. This work
was subsequently developed by Wilmot et al [32], who com-
pleted a more comprehensive systematic review and meta-
analysis (16 prospective, 2 cross-sectional, 794,577 partici-
pants) that included all self-reported measures of sedentary
behavior (ie, television/screen viewing time, sitting time, or

Fig. 1 Accelerometer data showing how 1367 older, overweight adults
(mean age=70.5, mean BMI=29.7) from the U.S. National Health and
Nutrition Examination Survey allocate their time throughout the day
(using a <100 counts-per-minute cut-point); associated levels of light-

intensity activity (100-1951 cut-point); and moderate-to-vigorous inten-
sity activity (1952+ cut-point). The large and small arrows illustrate the
potential scope for increasing light-intensity activity through displacing
sedentary time and the very low volumes of MVPA typically observed

Curr Diab Rep (2014) 14:522 Page 3 of 11, 522



Sinnesstämning, sittande och träning�
Experimentella studier
•  Att minska sin träning leder i studier till 

immunologiska reaktioner, negativa känslor, ökade 
symptom av depression och tilltagande känsla av 
trötthet 
–  Kop et al, Brain, Behaviour and immunity 2008 
–  Berlin et al. Psychosomatic Medicine 2006  

•  Mer stillasittande leder till med negativa känslor  
–  Endrighi et al Br J Psych 2015 



Men jag tränar ju…

Australian men and women. Those who were physically inactive and
who also reported high screen time had lower health-related quality
of life compared to those who reported being sufficiently active with

low screen time—suggesting potential synergistic effects of meeting ac-
tivity guidelines while also reducing screen time. In our large sample of
Australian adults, compliance with the recommended public health
guidelines for physical activity (≥150 min/wk) appeared to provide
some protection across the tertiles of TV time examined, for physical
well-being and vitality, but not formental well-being. In general, partic-
ipants notmeeting the physical activity guidelines, andwith the highest
TV viewing time, displayed the lowest vitality and the lowest physical
andmental component summary scores—a difference (N3 points differ-
ence on SF-36 scores above 40) that has previously been defined asmin-
imally important (Ware and Kosinski, 2001b).

In slight contrast to our findings, where we controlled for total
leisure-time physical activity, Ellingson et al. (2014) reported that de-
spite high engagement in sedentary behaviours, meeting physical
activity guidelines was associated with higher levels of vitality (using
the SF-36 vitality scale). However, they also found that those classed
as insufficiently active (b150 min/wk), who also spent less time seden-
tary (≤1 h per day,measured by accelerometer), had significantly lower
levels of fatigue (Ellingson et al., 2014), suggesting that both increasing
physical activity and reducing sedentary behaviourmay be important to
consider for fatigue levels and vitality.While an objectivemeasurement
of activity was used, it should be noted that, unlike the present study,
the sample comprised a relatively small sample of younger women;
hence gender differences were not able to be examined.

It is important to consider the potential for bi-directional relation-
ships of TV viewing time and physical and mental well-being and vital-
ity, given the cross-sectional nature of this study and others. For

Fig. 1. Associations of vitality sub-score with tertiles of TV viewing time for men (■) and
women (△). Cut points for TV viewing time (h/day) in men: 1.30 and 2.31; and women:
1.07 and 2.01. Data are presented asmarginal means (95% CI) adjusted for age, education,
diet quality, employment status, marital status, diabetes, history of cardiovascular disease,
total physical activity time and waist circumference. Sex interaction presented in the box.
P values for trend and between individual tertiles of TV viewing time from reference cat-
egory (T1) are derived from natural logarithm of these values. *P ≤ 0.05.

Fig. 2. Associations of physical (PCSS), mental (MCSS) component summary scores and vitality sub-score with tertiles of TV viewing time for participants engaged in physical activity
≥150 min/wk (△) and ≤150 min/wk (●). Cut points for TV viewing time (h/day) for those categorised as insufficiently active: 1.16 and 2.25 h/day; and sufficiently active: 1.18 and
2.21 h/day. Data are presented as marginal means (95% CI) adjusted for age, sex, education, diet quality, employment status, marital status, diabetes, history of cardiovascular disease
and waist circumference. P values from reference category, which represents sufficient physical activity and low TV viewing time, are derived from natural logarithm of these values.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

72 P.C. Dempsey et al. / Preventive Medicine 69 (2014) 69–74

-  N=9907
-  Ca 50 år
-  Självrapport FA…
-  SF-36 subskalor

Dempsey et al 2014



Koppling fysiskt aktivitetsmönster – MADRS �
REGASSA - studien

day. This is considerably higher than estimates (459 minutes) from a previous population-
based Swedish study which had similar protocols regarding the criteria for wear time and cut-
off points for activity categories[26]. A difference of 87 minutes is quite substantial considering
the detrimental effects of sedentary behavior on people’s general health (this difference is statis-
tically significant, tested using an independent sample t-test p<0.05. Results from previous
paper: 459 minutes, SD = 86, N = 1114, our results 546 minutes, SD = 97, N = 165)[14,15]. Our
sample spent 260 minutes on average in LIPA, which is noticeably lower than the 340 minutes
reported from the sample from the general Swedish population (the differences between the
two values could not be tested as the standard deviation was not reported in the paper)[26].
Also relevant is that this previous study used uniaxial accelerometers and is therefore more
likely to underestimate activity, which makes it probable that the differences are even larger
than reported here.

There is evidence that exercise can reduce the symptoms of both anxiety[3,27,28] and de-
pressive disorders[4,29]. Knowledge is currently limited regarding the optimal intensity for
treating anxiety disorders but aerobic exercise seems to have a positive effect[27]. Regarding
depression, a recent systematic review suggests that moderate intensity exercise (60–80% of
maximum heart rate) is ideal[30] but this conclusion is based on the most common intensity
prescribed in the interventions included in the review. As the whole sample spent very small
proportions of their overall time in MVPA there is an opportunity to increase this activity and
thereby treat their disorders.

The finding that there is an association between symptom severity (MADRS) and LIPA and
sedentary bouts respectively, further suggest that interventions that target LIPA and sedentary
behavior might be helpful. This is of importance to clinicians as it suggests that it might even
be helpful to perform lighter forms of physical activity, such as taking walks, or changing
sedentary behavior to shorter and fewer bouts, i.e. breaking up sedentary time. Some people
are reluctant to start exercising at high intensity levels and it might therefore be of interest to
encourage these people to begin by making small changes to their sedentary behavior by in-
creasing LIPA and decreasing the number of sedentary bouts lasting!20 minutes.

Another interesting finding is the lack of difference in physical activity between disorders.
Although one would expect that people suffering from anxiety would be more active and rest-
less leading to them having a fewer sedentary bouts and spending more time in LIPA, the data

Table 3. The association between MADRS (independent) and each physical activity variable (dependent) as depicted by multiple linear
regression models.

Model 1: MADRS, sex
and age

Model 2: MADRS, sex,
age, BMI and health
status

Model 3: MADRS, sex,
age, BMI, health status
and MVPA

β p β p β p

Counts per minute −1.58 0.555 −0.72 0.785 N/A* N/A

Sedentary (minutes) 0.66 0.552 0.57 0.610 1.07 0.296

LIPA (minutes) −2.19 0.011 −1.98 0.021 −2.21 0.008

MVPA (minutes) 0.23 0.403 0.29 0.295 N/A N/A

Time in sedentary bouts 1.89 0.119 1.76 0.152 2.20 0.061

Number of sedentary bouts 0.05 0.085 0.04 0.124 0.06 0.041

Time in activity bouts 0.32 0.106 0.36 0.069 N/A* N/A

*Counts per minute and time in activity bouts were not adjusted for MVPA as they were too correlated r>0.7. Numbers in bold represent statistically
significant results (p<0.05).

doi:10.1371/journal.pone.0115894.t003

Physical Activity in Depression and Anxiety

PLOS ONE | DOI:10.1371/journal.pone.0115894 January 13, 2015 7 / 10

Helgadottir et al 2015
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time (too much sitting as distinct from too
little exercise). Of particular importance is
the potential for reducing cardiovascular
disease risk by briefly breaking up pro-
longed periods of sitting with activity of at
least light intensity. Brief interruptions to
sitting led to significant reductions in post-
prandial glucose and insulin, irrespective
of the activity intensity. The 24–30%

lowering in the plasma glucose iAUC and
the 23% lowering in the insulin iAUC seen
after the activity break conditions, at the
very least, is comparable in magnitude to
an acute bout ofmoderate-intensity aerobic
or resistance exercise in overweight/obese
individuals (32).

Our findings are the first to docu-
ment, among overweight/obese adults, an

elevated postprandial glucose and insulin
response during an acute bout of pro-
longed sitting, relative to sitting with brief
activity interruptions. Among young non-
obese adults, significant reductions in
whole-body insulin sensitivity have been
observed after 1 day of prolonged sitting
(24). The magnitudes of changes ob-
served in postprandial glucose and insulin
during the uninterrupted sitting condition
in our study are consistent (;23–30%)
with the changes in metabolic outcomes re-
ported after 1 day of prolonged sitting (24).
The lowering of postprandial glucose and
insulin suggests both increased insulin sen-
sitivity and reduced insulin secretion, the
latter effect consistent with preservation of
pancreatic b-cell function. Intervention
study findings demonstrating that blunting
of postprandial spikes in glucose improves
inflammation and endothelial function (33)
and reduces carotid intima-media thickness
(11,33) suggest that the blunted glucose re-
sponse seen in our study through the inclu-
sion of three brief (2-min) activity breaks
per hour during prolonged sitting may
ameliorate such consequences of postpran-
dial hyperglycemia (9,18).

Although larger reductions in post-
prandial glycemia have yielded clinical ben-
efits to surrogate cardiovascular end points,
including carotid intima-media thickness
(8), smaller differentials in the postprandial
glucose seen in response to pharmaceutical
agents, generally comparable in magnitude
to those seen in the activity break condi-
tions, have been linked to reductions in
oxidative stress, circulating adhesion
molecules, and endothelial function in
patients with and without type 2 diabetes
(6,8,33). Additional research using mea-
sures of inflammation and endothelial
function will be necessary to further elu-
cidate the influence of frequent breaks
from sitting and whether the exaggerated
postprandial glucose response observed
after 5 h of uninterrupted sitting is more
pronounced when imposed over multiple
days. Potential long-term consequences,
both beneficial and deleterious, of differ-
ent sitting-time patterns are needed to
strengthen the case for relevant public
health and clinical initiatives.

These findings support the hypothesis
that brief interruptions to sedentary time
with a minimum of light-intensity physical
activity can attenuate acute postprandial
plasma glucose and serum insulin response
during prolonged sitting. Importantly, the
brevity of the interruptions to sitting (2min)
indicates that such breaks would not count
toward the minimum amount of aerobic

Figure 3dThe effect of the three trial conditions on postprandial plasma glucose levels (A);
positive (5-h postprandial) glucose iAUC (B); postprandial serum insulin levels (C); and positive
(5-h postprandial) iAUC (D). Data for postprandial plasma glucose and serum insulin levels
represent mean6 SE. Data for glucose and insulin positive iAUC represent marginal means6 SE
(adjusted for age, sex, body weight, period effects, and predrink levels). *Significantly different
from uninterrupted sitting condition, P , 0.001. †Significantly different from uninterrupted
sitting condition, P , 0.01.
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latter effect consistent with preservation of
pancreatic b-cell function. Intervention
study findings demonstrating that blunting
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per hour during prolonged sitting may
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Although larger reductions in post-
prandial glycemia have yielded clinical ben-
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(6,8,33). Additional research using mea-
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function will be necessary to further elu-
cidate the influence of frequent breaks
from sitting and whether the exaggerated
postprandial glucose response observed
after 5 h of uninterrupted sitting is more
pronounced when imposed over multiple
days. Potential long-term consequences,
both beneficial and deleterious, of differ-
ent sitting-time patterns are needed to
strengthen the case for relevant public
health and clinical initiatives.

These findings support the hypothesis
that brief interruptions to sedentary time
with a minimum of light-intensity physical
activity can attenuate acute postprandial
plasma glucose and serum insulin response
during prolonged sitting. Importantly, the
brevity of the interruptions to sitting (2min)
indicates that such breaks would not count
toward the minimum amount of aerobic

Figure 3dThe effect of the three trial conditions on postprandial plasma glucose levels (A);
positive (5-h postprandial) glucose iAUC (B); postprandial serum insulin levels (C); and positive
(5-h postprandial) iAUC (D). Data for postprandial plasma glucose and serum insulin levels
represent mean6 SE. Data for glucose and insulin positive iAUC represent marginal means6 SE
(adjusted for age, sex, body weight, period effects, and predrink levels). *Significantly different
from uninterrupted sitting condition, P , 0.001. †Significantly different from uninterrupted
sitting condition, P , 0.01.
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Table  1
Participant characteristics before each trial.

Uninterrupted sitting Sitting + standing breaks Sitting + light-intensity activity breaks P value

Weight (kg) 87.6 (71.2, 103.9) 87.8 (70.9, 104.6) 87.6 (71.3, 103.8) 1.00
Plasma glucose (mmol  L) 4.42 (4.09, 4.75) 4.32 (3.97, 4.67) 4.39 (4.04, 4.74) 0.89
Total  cholesterol (mmol  L) 4.03 (3.34, 4.73) 3.95 (3.24, 4.65) 4.11 (3.32, 4.89) 0.94
HDL  (mmol  L) 1.68 (1.20, 2.16) 1.52 (1.05, 1.99) 1.59 (1.22, 1.97) 0.85
Triglycerides (mmol  L) 0.83 (0.77, 0.90) 0.82 (0.76, 0.87) 0.87 (0.78, 0.96) 0.50
Systolic blood pressure (mmHg) 122.1 (113.9, 130.3) 117.1 (110.0, 124.2) 120.2 (109.5, 130.9) 0.66
Diastolic blood pressure (mmHg) 72.9 (64.9, 80.9) 73.9 (68.9, 78.9) 70.2 (62.1, 78.3) 0.70

Data presented as mean (95% CI). HDL, high-density lipoprotein cholesterol.

Fig. 1. The effect of the three trial conditions on 5-h postprandial plasma glucose
levels.

Fig. 2. Postprandial plasma glucose area under curve (AUC) for the three trial
conditions. Data shown as mean and SE. *Significantly different from sitting and
sitting + standing breaks (p < 0.001).

sitting + standing breaks, and sitting + activity breaks, respectively.
There was no significant condition effect but a medium effect size
(F = 1.10, p = 0.35, !2 = 0.08) for diastolic blood pressure AUC: mean
AUC, 356.7 (336.0, 377.4), 347.8 (327.1, 368.5), 335.6 (314.9, 356.3)
mmHg/5-h for uninterrupted sitting, sitting + standing breaks, and
sitting + activity breaks, respectively. Blood pressure responses

over time are available as supplementary material (Appendices 1
and 2).

Supplementary material related to this article can be found, in
the online version, at doi:10.1016/j.jsams.2014.03.008.

There was no significant main effect for condition on changes
in total cholesterol (F = 0.01, !2 = 0.00), HDL (F = 0.09, !2 = 0.01), or
triglycerides (F = 1.45, !2 = 0.10) from baseline to 5-h (Table 2),
although a medium-large effect size was  observed for triglycerides.
There was no significant interaction effect for total cholesterol
(F = 1.79, p = 0.19, !2 = 0.12; medium-large effect size), HDL (F = 0.41,
p = 0.67, !2 = 0.03; small effect size), or triglycerides (F = 2.74,
p = 0.08, !2 = 0.17; large effect size).

4. Discussion

The main finding of this study was  that interrupting sitting
time with short bouts of light-intensity activity, but not standing,
acutely lowers postprandial glycemia in healthy adults. This sup-
ports recent observational and experimental data demonstrating
the deleterious health consequences of prolonged sitting and the
potential benefits of frequent short bouts of activity.4,7,8

Prior to this study, the effect of interrupting sitting time
with standing had not been explored. Studies in animals and
humans show impaired insulin action from reduced standing and
nonexercise ambulation,9 while increases in standing time are
associated with reduced mortality rates.14 It is postulated that
energy demands to meet the requirements of standing and the
transition from sitting to standing may  increase substrate utilisa-
tion that has beneficial metabolic effects.9 Improvements in insulin
sensitivity have been reported following four consecutive days of
4-h walking and 2-h standing daily compared to energy-matched
1-h vigorous exercise daily or sitting for a full day.10 Insulin action
also increased over a 24-h period when sitting time was replaced
with standing and low- to moderate-intensity walking.15 However,
these studies did not isolate the effects of standing from walking
and the role of standing alone cannot be inferred. Recent evidence
in office workers showed lower postprandial glucose AUC during an
afternoon of working at a standing desk compared to an afternoon
of seated work and this was  concomitant with a 174 kcal increase in
energy expenditure.16 However, the current study revealed short
frequent bouts of standing had no effect on cardiometabolic risk
markers over a 5-h period. These findings may  suggest that stand-
ing needs to be accrued in longer duration bouts or that a minimum
threshold increase in energy expenditure is required. As energy
expenditure was not measured the latter cannot be inferred from
the current study.

In the current study, postprandial glucose AUC was lowered
approximately 16% when sitting was interrupted with 2 min of
light-intensity walking every 20 min  compared to sitting + standing
breaks or uninterrupted sitting. This is smaller than the 24–30%
reduction observed in overweight/obese adults when sitting was
interrupted with light- or moderate-intensity walking.7 Dunstan
et al.7 also examined a 5-h postprandial period and interrupted
sitting with 2 min  of activity every 20 min, thus disparities in

Bailey et al 2015



SCAPIS-studien

relations were also found for the highest tertile of triaxial captured SED (increased OR by
82%), LIPA (reduced OR by 46%) and MVPA (reduced OR by 56% and 66% for second and
third tertile, respectively). This implies the independent importance of cardiorespiratory fitness
as well as all aspects of the daily PA pattern for MetS. In this regard, the present findings are in
line with previous studies [7–12,15,25]. Even so, the results of the present study also expand on
current knowledge, as in previous studies, one or more of the exposures have not been
accounted for in the analyses. Only in the study by Shuval and co-workers [14] that mainly
focused on the association between sedentary behaviour and cardio-metabolic risk, all main
exposures were simultaneously evaluated [14]. They found several significant cross-sectional
associations between weekly, self-reported sitting time and cardio-metabolic risk factors after
adjusting for PA, but that most associations were blunted when taking fitness into account. In
their prospective analyses, increased sitting time at baseline did not affect the MetS incidence
during a mean follow-up of 9.3 years when adjusting for PA, fitness and other covariates. This
is in contrast to our findings, showing an independent relation for SED, LIPA and MVPA to
the MetS, even after adjusting for fitness. In addition, TPA and prolonged bouts of SED were
significantly associated with MetS prevalence when the other exposures were separately
accounted for, but not in the joint analysis including all. In fact, it is not surprising that these
associations did not persist when controlling for all three PA intensities, since they together
make up the basis for the mean intensities. Rather, the fact that it remained significant after
adjustment for fitness, SED and MVPA separately indicates that these measures (number of
prolonged bouts of SED and TPA) possess predictive validity for MetS. Some of these differ-
ences in results may be due to study design or differences in age of the participants

Fig 2. Relationship between tertiles of SED and unfavourable sub-components of METs.ORs are adjusted for gender, age, education level (university
degree vs. not), energy intake (kcal!d-1 in quartiles), smoking habits (regular smoker vs. not) and psycho-social stress (self-reported into four levels), % of
wear time spent in MVPA (in tertiles), and estimated VO2max (ml!min-1!kg-1, in tertiles). * Denotes significant difference to reference group.

doi:10.1371/journal.pone.0131586.g002
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Endotelfunktion hos barn – ett test



Effekt av tre timmars sittande (9 år gamla)
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Figure 1. Superficial femoral artery flow mediated dilation (FMD, %) before (Pre) and after 

(Post) the SIT and EX condition.  Values are mean and standard deviations. The P values 

denote significance for the post-hoc pairwise comparison, Pre vs. Post EX and SIT. 
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Studier på GIH

1.  Epidemiologiska studier och registerstudier
1.  Effekter av träning, sittande och vardagsmotion på 

ämnesomsättning, hjärthälsa och hjärnhälsa
2.  Mekanismer

1.  Sittande och kognition
2.  Sittande hos barn med fetma

3.  ”Interventionsstudier”
1.  I skolan
2.  På arbetsplatser
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