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Abstract

Replacing sitting by standing has been hypothesized to reduce the health risks of sitting with
an assumption that muscles are passive during sitting and active during standing.
Interventions have been more effective in overweight (OW) than normal weight (NW) but
their muscle activities have not been quantified. This study compared quadriceps and
hamstring muscle EMG activity between 57 NW (BMI 22.5 + 1.5 kg/m?, female n = 36) and
27 OW (BMI 28.4 + 2.9 kg/m?, female n = 8) subjects during non-fatiguing standing (15s,
EMGgianding) and sitting (30min). EMG amplitude was normalized to EMGyvc measured
during maximal isometric knee extension and flexion (% EMGyvc) and sitting muscle
inactivity and bursts were determined using four thresholds (60% / 90%EM Gsanding and 1% /
2%EMGwmvyc). Comparisons were adjusted for sex, age, knee extension strength and the
individual threshold. Standing EMG amplitude was 36% higher in OW (1.9 + 1.5 %EMGpwvc)
than NW (1.4 = 1.4 %EMGwmyc, P <0.05). During sitting, muscles were inactive §9.8 +
12.7% of the measurement time with 12.7 + 14.2 bursts/min across all thresholds. On average
6% more activity was recorded in NW than in OW with three out of four threshold conditions
(P <0.05 for 60% / 90%EM Gsanding and 1%EMGwmvc). In conclusion, OW had higher muscle
activity amplitude during standing, but more muscle inactivity during sitting with 3/4 of
threshold conditions tested. Interventions should test whether the observed heterogeneity in
muscle activity affects the potential to gain cardio-metabolic benefits from replacing sitting

with standing.

Key words: sedentary time, sitting, standing, muscle inactivity, electromyography, textile

electrodes, body composition
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Introduction

Sedentary behavior covers a range of daily activities performed in seated/reclined postures
requiring little energy expenditure (Sedentary Behaviour Research Network 2012). The high
prevalence (Matthews et al. 2008) and the health risks (Tremblay et al. 2010, Matthews et al.
2012, Pesola et al. 2015) of excessive sedentary time justify the need for interventions aiming
to reallocate sedentary time to light intensity physical activities over the course of the day. By
definition, either upright posture or energy expenditure reaching a level of > 1.5 METs
(Sedentary Behaviour Research Network 2012), are hypothesized to result in beneficial
changes across individuals. Nonetheless, the current interventions have been more effective in
overweight (OW, Thorp et al. 2014) than in normal weight (NW, Miyashita et al. 2013,
Bailey and Locke 2014) suggesting that the exposure of changing sitting to standing might

vary between individuals.

Body weight represents a load that needs to be supported in upright posture. Consequently,
absolute energy cost of weight bearing activities is generally higher in OW than NW because
of their higher body weight (Howell et al. 1999). Energy expenditure of a task is commonly
presented as multiples of resting metabolism (METs) to standardize the amount and intensity
of physical activities (Tompuri 2015). As per definition of sedentary time, energy expenditure
exceeding 1.5 times the resting metabolism, i.e. METs, in an upright posture ends a sedentary
bout (Sedentary Behaviour Research Network 2012). However, a recent study exploring the
adequacy of this threshold found that obese people did not exceed the standardized MET -
threshold when standing still (Mansoubi et al. 2015). In contrast, they remained defined as
sedentary although their lean counterparts were defined active based on their standing MET —
value (Mansoubi et al. 2015). Well acknowledged explanations for these discrepancies

include the use of total weight of a subject and an assumed resting constant of energy
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expenditure in scaling, which lead to underestimated energy expenditure of a given task in
overweight people and make estimating the true exposure of a given treatment difficult
(Byrne et al. 2005, Tompuri 2015). Furthermore, it is often overlooked that also sitting can be
active, even more so as compared to standing still, and the resulting energy gap between
sitting and standing is small (Mansoubi et al. 2015). These conflicting results suggest that the
higher efficacy to decrease health risks of sitting by standing in OW than NW is not explained
by their energy expenditure (Miyashita et al. 2013, Thorp et al. 2014, Bailey and Locke

2014).

Distinct from the contemporary definition of sedentary behavior (Sedentary Behaviour
Research Network 2012), the driving hypothesis of the sedentary behavior field is that
frequent activity in antigravity muscles short-circuits the detrimental physiological processes
of sedentary time resulting in better cardio-metabolic risk profile (Hamilton et al. 1998,
2007). For example, recent trials replacing sitting time with different activities in both NW
and OW produced different responses in glucoregulation although energy balance was
retained suggesting that muscle contraction-mediated mechanisms may be involved (Stephens
et al. 2011, Duvivier et al. 2013, Blankenship et al. 2014). Because a given posture or level of
energy expenditure may coexist with an unknown mixture of volume, intensity and frequency
of muscle activity which these mechanisms are sensitive for (Peddie et al. 2012), it is
important to measure the exposure of a treatment in this outcome. A hypothesis might be put
forward that either low muscle activity during standing, or high muscle activity during sitting,
reduce the potential to gain cardio-metabolic benefits when reducing sitting time with

standing.

Currently the field of sedentary behavior research lacks the fundamental information on the
muscle activity levels of a given individual at the low end of physical activity spectrum which

may prevent us from understanding the mechanisms of how the different aspects of physical
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activity might mitigate the health hazards of sedentary time. Thus the first aim of this study
was to quantify inter-individual differences in thigh muscle activity between NW and OW
during non-fatiguing standing using shorts with built-in electrodes. Second aim of the study
was to compare the differences in sitting muscle activity, inactivity and bursts between NW
and OW. Because several thresholds have been used to assess muscle inactivity time
(Harwood et al. 2008, 2011, Tikkanen et al. 2013, Finni et al. 2014, Pesola et al. 2014, 2015,
Gao et al. 2016) and the measured EMG activity is highly sensitive to the inactivity threshold
chosen (Klein et al. 2010), EMG activity during sitting was analyzed with several thresholds
to provide a comprehensive comparison between the groups. We hypothesized that as
compared to sitting, standing increases muscle activity amplitude more in OW than NW
because of the required support for higher body weight, but sitting is very passive in both
groups regardless of chosen threshold for determining muscle inactivity. Finally, EMG
variables during sitting and standing were regressed against subject characteristics to gain

insights into possible determinants of the observed differences.

Methods

The data for this study was collected at baseline of a sedentary-time targeted randomized
controlled trial in 2011-2013 (Finni et al. 2011). EMG was measured from the quadriceps and
hamstring muscles with EMG shorts (shorts with built-in EMG electrodes), because these
large muscles are involved in postural support and activation of which contributes to healthy
metabolism of non-sedentary activity. At baseline, EMG was measured from 121 individuals
in the laboratory, from which 34 were removed because of artifact at any of the four channels
and three because of missing data. The final sample consisted of 84 individuals having

artefact-free electromyographic (EMG) signal during laboratory measurements on all four
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channels. The project was approved by the ethics committee of the Central Hospital District

of Central Finland and participants signed an informed consent prior to the measurements.

The participants were asked to wear comfortable clothes and shoes which enable light
activities, like walking and jogging for a short period (Pesola et al. 2014). In the morning, in a
fasted state, participant’s height, weight, waist circumference and lean and fat body mass
(DXA, LUNAR Prodigy, GE Healthcare) were measured. Subjects changed into appropriately
sized EMG shorts (Finni et al. 2007, Tikkanen et al. 2013) with recording electrodes
bilaterally on the distal part of the quadriceps and hamstring muscles. Subjects then sat at a
table for breakfast where general instructions regarding the study and questionnaires were
administered for approximately 30min in a seated position (Sitting). After asking participants
to sit down at a table, no instructions for how to sit were given. All participants sat on the
same lobby chairs with light cushioning (model: Asko Jokke). Next, the participants were

asked to stand still casually for 15 seconds, with weight on both legs (Standing).

After Sitting and Standing, EMG signals were normalized to that measured during maximal
voluntary isometric knee flexion and extension (David 220 dynamometer, David Health
Solutions Ltd., Helsinki, Finland) with knee angle of 140° (Pesola et al. 2014). After a warm-
up, three 3—5 seconds maximal efforts with strong verbal support were performed with one
minute of rest between trials. If the torque improved more than 5%, additional trials were

performed.

EMG was measured bilaterally from quadriceps and hamstring muscles with EMG shorts
(Myontec Ltd, Kuopio and Suunto Ltd, Vantaa, Finland; supplementary file S1) providing
valid and repeatable data (Finni et al. 2007, Tikkanen et al. 2014, Pesola et al. 2014). The
analysis workflow was as follows, and is presented in supplementary file S1 accordingly: 1)

baseline correction, 2) data chopping, 3) data normalization, 4) data averaging, 5) threshold
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determination and 6) Matlab analysis. Briefly, the baseline of the whole data file was
corrected for possible non-physiological baseline fluctuations (Pesola et al. 2014). Next,
sitting, standing and MVC periods were separated from data based on lab logs. The most
consistent one-second mean EMG from the MVC repetition with highest force level was
analyzed and sitting and standing signals from the four muscle groups were normalized
individually to respective maximal one-second mean EMG amplitude. The four signals were
further averaged to represent overall inactivity or activity of thigh muscles. The final results
were analyzed with a custom-made Matlab (The MathWorks Inc, version 7.11.0.587)

algorithm as follows:

Standing (15 s) amplitude analysis. The 15 second period for standing was used, because the
aim of this study was to investigate EMG activity in acute, non-fatigued conditions, which is
typical for static posturographic studies (Duarte and Zatsiorsky 1999) and for previous studies
using standing as their inactivity threshold (Tikkanen et al. 2013, Finni et al. 2014, Pesola et
al. 2014, 2015, Gao et al. 2016). The analysis yielded average EMG amplitude during

standing (Y% EMGwmyc).

Sitting amplitude, inactivity and burst analysis (30 min). Similarly to Standing, the average
EMG amplitude during Sitting is presented as (%EMGyvyc). Because inactivity time is highly
sensitive to the inactivity threshold (Klein et al. 2010), four different inactivity thresholds
were first analyzed based on previous research to improve the sensitivity and comparability of
the Sitting inactivity and burst analysis (Figure 1). The thresholds included those received

from the Standing (15 s) amplitude analysis. The four thresholds were as follows:

- 60 %EMGgtanding: 60% of EMG amplitude measured during standing. This particular
threshold was used because it yielded the biggest difference in muscle inactivity time

between sitting and standing (supplementary file S1).
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- 90 %EMGgtanding: 90% of EMG amplitude measured during standing (Tikkanen et al.
2013, Finni et al. 2014, Pesola et al. 2014, 2015, Gao et al. 2016).

- 1 %EMGuyc: This threshold was included to enable group comparison with a fixed
threshold (1 %EMGwvc) vs. with an individual threshold (90 %EM Ggtanding), Which
both yielded similar group average of muscle inactivity time during sitting
(supplementary file S1).

- 2 %EMGyvc (Harwood et al. 2008, 2011)

Subsequently, the following variables were analyzed for Sitting (30 min, Figure 1):

- muscle inactivity time: the amount of time EMG remained under the inactivity
threshold, presented as % of measurement time
- number of bursts/min: the number of occasions in a minute when the EMG amplitude

exceeded the inactivity threshold

Statistical analysis. Subject characteristics were compared between NW and OW participants
with independent samples T-test for continuous variables and with Chi Square for categorical
variables. The bursts/min and amplitude analysis variables were transformed with natural
logarithm. Because the muscle inactivity time approached 100%, it was transformed as
follows: LN (100% — muscle inactivity time %). Covariates sex, age and knee extension
strength were used in all analyses because of their effects on energy cost (Byrne et al. 2005,
Tompuri 2015) and EMG amplitude (Harwood et al. 2008) of activity. When using 60
%EMGgtanding 0F 90 %0EMGganding 1nactivity thresholds, the analysis was additionally adjusted
for the threshold (Table 2) to yield comparisons independent of the individual threshold. A
One-way ANOVA was conducted that examined the effect of overweight status on the
Standing amplitude, as well as the Sitting amplitude, inactivity and bursts. Partial correlations

were performed to examine the associations of EMG-derived variables with anthropometrics
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when adjusting for age, sex, knee extension strength and the individual inactivity threshold
(where appropriate). Those EMG variables showing significant associations with any of the
anthropometric variables were used as dependent variables in hierarchical multiple linear
regression. The covariates sex, age, knee extension strength and the individual inactivity
threshold (where appropriate) were entered into every model, and inclusion of those
anthropometric variables having a significant partial correlation with EMG variables was
tested in a stepwise manner. The effects of each independent variable adjusted for the effects
of all other independent variables were analyzed by forward stepwise multiple linear
regression analyses against the same dependent variables and the anthropometric variables
showing independent significant effect were included in the final models. Residual normality
and homoscedasticity, as well as lack of multicollinearity were ensured. Significance level of

P < 0.05 was analyzed by PASW version 20.0.
Results

Analyzed data were from 57 NW (36 female) and 27 OW (8 female) participants with
sedentary work (Finni et al. 2011, Pesola et al. 2014). Age, weight and BMI ranged from 29
to 50 years, 49.5 to 120.8 kg and 18.3to 34.9 kg/m?, respectively. Table 1 shows the subject
characteristics between NW and OW without adjustment for sex. The proportion of female
was higher in NW than OW. The OW were taller, heavier and had higher BMI, waist
circumference, fat mass (% and kg), lean mass (% and kg) and knee extension strength as
compared to NW (P <0.05, Table 1). After adjustment for sex the differences in height (P =

0.91) and knee extension strength (P = 0.12) became insignificant.

Standing (15 s) amplitude analysis. On average, EMG amplitude was 1.6+ 1.4% of EMGyyc
during Standing (Table 1, range 0.1 — 8.2 %EMGyyc). The OW had 36% higher standing

EMG amplitude as compared to NW independent of sex, age and knee extension strength.
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Sitting (30 min) amplitude, inactivity and burst analysis. During 30 min Sitting, the average
EMG amplitude was 0.5 £ 0.3% of EMGyyc (range 0.1 — 1.3 %EMGyyc) without difference
between the groups. The average amount of time the muscles were inactive varied from 81.1
+ 20.4% (inactivity threshold 60 %EMGganding; range 10.6% — 99.9%) to 96.9 = 3.3%
(inactivity threshold 2 %EMGyyc, range 82.6% — 100.0%), depending on the threshold used
(Table 2, Figure 2). Similarly, the average number of bursts / min varied from 20.9 + 19.9 (60
%EM Ggtanding; range 0.4 —90.9) to 5.3 + 5.3 (2 %EMGwvc; range 0.0 — 24.0). The OW had on
average 9.4% (60 %EMGgtanding, P < 0.01), 5.2% (90 %EMGganding, P < 0.01) and 2.5% (1
%EMGwmvc, P <0.05) more muscle inactivity time during sitting with three out of the four
threshold conditions independent of sex, age, knee extension strength and the individual

threshold (Table 2).

Partial correlations. Higher weight (partial r = 0.307, P <0.01), BMI (partial r = 0.248, P <
0.05), fat mass (kg, partial r = 0.243, p < 0.05) and lean mass (kg, partial r = 0.248, p < 0.05)
were associated with higher EMG amplitude during standing independent of sex, age and
knee extension strength. Lower fat mass (%, partial r = -0.241, P < 0.05) and higher lean mass
(%, partial r = 0.246, P < 0.05) were associated with higher muscle inactivity time during
sitting when analyzed with 60%EM Gganding -threshold condition independent of sex, age, knee
extension strength and the individual threshold. Sitting EMG amplitude, bursts and inactivity
analyzed with the other threshold conditions showed no associations with anthropometric

variables. All partial correlations are provided in supplementary file S2.

Multivariate models. In multiple stepwise regression analyses in which sex, age and knee
extension strength were entered in the model, only weight remained a significant predictor of
standing EMG amplitude in the stepwise analysis whereas BMI, fat mass and lean mass
dropped out. Table 3 shows that the final multivariate model explained 14% of the variance in

standing EMG amplitude (P < 0.05). The model explaining variance in sitting muscle
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inactivity time when analyzed with 60%EM Gganding -threshold condition was initially adjusted
for sex, age, knee extension strength and the individual threshold. In the stepwise analysis
lean mass (%) remained as a significant predictor in the model while fat mass (%) was left
out. The final multivariate model explained 51% of the variance in sitting muscle inactivity
time and both the individual inactivity threshold and lean mass (%) were significant

independent predictors in this model (Table 3).

Discussion

Sitting and standing are conventionally regarded as dichotomous replacement activities for
each other. In practice, interventions have reported the time spent standing as their exposure,
without knowing the heterogeneity in muscle activity of sitting and standing between
individuals. The direct thigh muscle EMG recordings of this study showed that the average
muscle activity amplitude was threefold higher in standing than sitting, however, with up to
tenfold differences between individuals. It is well acknowledged that higher body mass poses
additional load for postural support against gravity during standing (Hue et al. 2007), which in
this study was verified by the positive correlation between weight and the standing EMG, as
well as by the bigger standing EMG in OW as compared to NW. In contrast to hypothesis
expecting high muscle inactivity time during sitting in both groups, NW had on average 5%
less muscle inactivity during sitting as compared to OW with three out of the four threshold
conditions used. This difference is larger than achieved by an effective intervention (Pesola et
al. 2014). Although NW and OW can execute sedentary and light activity tasks with similar
energy expenditure (Mansoubi et al. 2015), these results imply that their muscle activity can
be significantly different during both sitting and standing. Interventions reallocating sitting to
standing as their exposure should be aware of the effects of body weight on the differences in

EMG activity, which are not detected by accelerometers or inclinometers, but which may
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influence the desired dose of activity and subsequently efficacy of the intervention. These
differences should be confirmed by measuring other relevant muscles with a larger sample
size. In addition, sitting and standing should be measured for longer periods of time and in
more normal living environments to test whether these results apply to habitual sitting and

standing.

Standing upright is a recommended means to exceed energy expenditure beyond the absolute
threshold of 1.5 METs, which is hypothesized to reduce the health hazards of sitting across
individuals. However, the standing posture itself does not increase energy expenditure
without muscle activity (Chang et al. 2005), and the actual protective mechanisms are
hypothesized to be muscle-contraction mediated (Hamilton et al. 2008). Importantly, some
key mechanisms related to substrate utilization and insulin resistance, like GLUT4 transporter
expression and translocation (Gibala et al. 2012, Richter and Hargreaves 2013), lipoprotein
lipase activity (Bey and Hamilton 2003) and postprandial lipidemia (Peddie et al. 2012), are
sensitive to muscle activity volume, intensity and frequency partly independent of cellular
energy status. The sedentary-time targeted interventions relying on the counts-based proxy for
metabolic cost or posture-related classification may not reveal the true exposure of their
treatment related to the hypothesized mechanisms at muscular level. At discrete tasks and
during normal daily life, individuals may be activating these mechanisms through different
pathways depending on their individual muscle activity patterns. Future studies should assess
whether the reductions in muscle inactivity time per se, or the heterogeneous EMG
amplitudes during sitting vs. standing across individuals, yield further insights into the
mechanistic associations between sedentary time and health (Tremblay et al. 2010). It is still
unclear, whether the inter-individual differences at this low level of muscle activity are
clinically relevant. For example, significant reductions in muscle inactivity can be achieved at

very low levels of muscular effort (Pesola et al. 2014) and lower muscle inactivity time is
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associated with clinically relevant cardio-metabolic benefits in physically active adults
regardless of muscle’s moderate-to-vigorous activity (Pesola et al. 2015). Hence,
interventions targeting reduced muscle inactivity time bear health-enhancing potential, which
might be mediated through the individual reallocation between muscle inactivity and light

activity patterns.

It is interesting to speculate whether different muscular exposure between individuals in
interventions reallocating sitting to standing could mediate their efficacy on cardio-metabolic
outcomes. For example, not all individuals gain benefits from reallocating sitting to standing.
In a study by Miyashita et al. (2013), regular standing breaks (6 x 45 min for 6 hours) were
ineffective at improving postprandial glucose, insulin or triglyceride levels over those
measured during prolonged sitting in young, healthy males. In contrast, Thorp et al. (2014)
realized an improved postprandial glucose levels by alternating 30 minute bouts of sitting and
standing for 8 hours over prolonged sitting in overweight/obese adults. In the present study,
the standing EMG amplitude of normal weight males was 1.4 %EMGyc, which represents
similar group of participants as in the study of Miyashita et al. (2013). However, when
averaging the results of overweight females and males of the present study yielding similar
participants as in the study of Thorp et al. (2014), the standing EMG amplitude was 1.9
%EMGmvc. Assuming that the cumulative integrated muscle activity could be calculated by
simply multiplying intensity-difference by time, the difference in increased muscle activity
volume would be 36% between these groups over a similar time period. Although the
intervention of Thorp et al. (2014) included 15-minutes less standing per hour, the exposure in
terms of cumulative integrated muscle activity was more than 20% higher in the
overweight/obese participants than in normal weight male of Miyashita et al. (2013), which
could party explain the difference in their efficacy. Yet, it should be noted that several other

mechanisms that regulate glucose tolerance and are mediated by the degree of overweight,
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such as the baseline level of glucose intolerance (Kelley and Goodpaster 1999), could

contribute to the different efficacy of these interventions.

A novel finding of this study was the measured muscle activity during sitting, which varied
greatly between individuals. On average, the participants had almost 13bursts per minute
during sitting and NW were more active than OW. Further, some participants had higher
EMG amplitude during sitting than standing. The lack of correlations between the sitting
inactivity and burst analysis parameters and anthropometric measures suggest that some other
factors than body weight or composition explain the high inter-individual differences between
the groups. These could include differences in activation patterns, coordination and technique,
issues related to EMG as a method to measure muscle activity, or behavioral differences like
fidgeting, among other factors (Levine et al. 2000, Farina et al. 2004, Enoka and Duchateau
2015). Previous studies have shown that overweight people are habitually standing less than
normal weight people, which could be determined by their different biological propensity
towards sedentariness as compared to normal weight people (Levine et al. 2005). This study
provided evidence that OW are also more inactive during sitting as compared to NW, which
could imply that the same mechanisms induce less activity also when seated. However, the
standing EMG amplitude in OW was found to be higher as compared to NW suggesting that
the higher added activity during standing might compensate their higher inactivity time during
sitting and shorter upright time per day (Levine et al. 2005) in terms of cumulative muscle
activity. It is important to note that the present study focused on short-term static standing,
which ignores shifting and fidgeting like activities (Duarte and Zatsiorsky 1999). Thus, a
longer measurement time might emphasize the differences between NW and OW in their
cumulated muscle activity during standing. The practical significance of high inactivity time

during sitting and high EMG amplitude during standing in OW might have implications on
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the feasibility of behavior-targeted or the efficacy of biomarker —targeted anti-sedentary

interventions.

Methodological and protocol differences make direct comparisons to previous EMG studies
somewhat challenging. In addition to different electrodes, muscles and activities studied, the
muscle inactivity and burst results are highly sensitive to the inactivity threshold chosen
(supplementary file S1, and 20). Some of the previous studies measuring habitual EMG
activity have used an inactivity threshold fixed into 2% of EMGyyc (Harwood et al. 2008,
2011). However, the present laboratory study showed that the average EMG amplitude during
standing is only 1.6% of EMGyvc. In practice, an inactivity threshold of 2 %EMGyyc would
classify 43% of participants inactive during standing (supplementary file S1). Using a
functional (%EM Ggtanding) instead of fixed (%EMGwvyc) inactivity thresholds is beneficial
based on the fact that it most effectively classifies participants active during standing and is
justified because standing is defined as physical activity (Sedentary Behaviour Research
Network 2012). Further, the standing EMG amplitude, and thus the individual inactivity
threshold, was adjusted for, suggesting its limited influence on the observed differences.
However, the threshold 60 %EMGganding Was a strong significant predictor of sitting muscle
inactivity time in the multiple regression analysis suggesting that future studies should be

cautious if selecting this particular threshold.

Unlike accelerometers, inclinometers, pedometers or heart rate monitors, EMG measures
directly the activity of muscle by placement of surface electrodes. Although the use of EMG
is the explicit strength of this study, several factors need to be considered when comparing
EMG activity between individuals. To minimize the effects of inter-individual differences in
subcutaneous tissue and muscle properties on the signal quality, the results are typically
presented as a fraction of the maximal EMG measured during isometric maximal voluntary

contractions (Burden 2010). Thus, EMG normalized to MVC represents an effort relative to a
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muscle’s force production capacity. In this study, the group comparisons were adjusted to
maximal knee extension strength. Thus, the results yield insights into the added exposure
during standing independent of differences in muscle strength, which is relevant for sit-stand
interventions. EMG shorts measure only thigh muscle region, although many other muscle
groups are activated during standing, including important antigravity muscles soleus and
erector spinae (Panzer et al. 1995). However, their activity is of similar magnitude during
standing than that of vasti muscles (Panzer et al. 1995), suggesting that the results of this
study are representative of different activity patterns between individuals. A repeated
measurement in a subsample of this study revealed strong between-day reliability for standing
and EMG/force —ratio (Pesola et al. 2014) suggesting that the measured activity likely
represents true behavioral differences between individuals rather than methodological
variance. However, future studies should perform repeated measurements for sitting and
standing and include other relevant muscle groups to ensure the consistency of behavioral
differences in EMG activity patterns, and combine them to cardio-metabolic and behavioral
measures to study their clinical significance. Measuring standing for a longer period of time
could reveal individual fidgeting activities and incorporate the effects of fatigue, which could

reveal more inter-individual differences in standing EMG activity.

Although the act of standing up is considered as a simple mean to reduce the health hazards of
prolonged sitting, this cross-sectional laboratory study showed that inter-individual
differences in muscle activity during sitting and standing are significant. The OW had higher
muscle activity amplitude during standing, but more muscle inactivity during sitting with
three out of four threshold conditions tested. Inter-individual variability in standing EMG
amplitude was partly explained by differences in body weight. Future interventions should

study whether low muscle activity during sitting, or high muscle activity during standing,

Page 16 of 26



Page 17 of 26

IN ‘manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Aj)glt . Physiol. Nutr. Metab. Downloaded from Www.nrcr%archt;_)ress.com by MICHIGAN STATE UNIV on 07/21/16
uist- i

For personal use only. This

17

increase the potential to gain cardio-metabolic benefits from replacing sitting with standing

beyond the differences in energy expenditure.
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Tables

TABLE 1. Subject characteristics between normal weight and overweight participants.

Normal weight (n = 57) Overweight (n = 27) Total (n = 84) P-value
Female n (%) 36 (63) 8 (30) 44 (52) 0.004
Age (years) 38.045.0 37.415.1 37.845.0 0.616
Height (cm) 169.9+9.8 175.0+9.1 171.5+9.8 0.025
Weight (kg) 65.249.3 87.1+12.8 72.2+14.7 <0.001
BMI (kg/m?) 22.5+1.5 28.4+2.9 24.443.4 <0.001
Waist circumference (cm) 84.5+6.3 99.5+9.1 89.2+10.1 <0.001
Fat mass (%) 25.648.0 30.416.2 27.147.8 0.007
Lean mass (%) 70.148.3 65.846.4 68.717.9 0.020
Fat mass (kg) 16.415.0 26.5+7.0 19.747.4 <0.001
Lean mass (kg) 46.0£9.9 57.319.7 49.6+11.2 <0.001
Knee extension strength (kg) 75.4+21.5 92.1+25.0 80.5+23.8 0.003

Boldface indicates statistical significance at p < 0.05
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TABLE 2. Differences in Standing and Sitting EMG amplitudes, and in muscle inactivity and breaks during Sitting between normal weight and
overweight subjects.

i

Normal weight (n = 57) Overweight (n = 27) Total (n = 84) P-value
Standing EMG amplitude
1.4+1.4 1.9+1.5 1.6+1.4 0.042
(Y%EMGuvc)
Sitting EMG amplitude (%EMGyc) 0.5+0.2 0.5+0.3 0.5+0.3 0.565
Muscle inactivity during sitting (%)
60%EMGqtanding 78.7420.5 86.1+£19.6 81.1120.4 0.007°
90%EMGqtanding 88.7+12.1 93.3+10.8 90.2+11.8 0.003°
1%EMGuyc 90.348.2 92.649.9 91.0+8.8 0.049
2%EMGpyc 96.3+3.6 97.9+2.3 96.9+3.3 0.097
Bursts/min during sitting
60%EMGqtanding 21.5+17.7 19.6+24.2 20.9+19.9 0.197°
90%EMGgtanging 13.41£13.5 11.9£13.5 12.9113.4 0.100°
1%EMGwyc 11.2£9.9 16.0+£20.0 12.8+14 0.838
2%EMGpyc 5.5+4.7 5.1+6.4 5.345.3 0.466

Boldface indicates statistical significance (p < 0.05). Adjusted for sex, age, MVC extension and “additionally for the individual inactivity
threshold.
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TABLE 3. Adjusted stepwise multiple linear regression models having Standing EMG amplitude (LN) and Sitting muscle inactivity time (LN,
threshold 60%EMGitanding) as dependent variables as informed by partial correlations.

R? Adjusted R> R coefficient (95% CI) P-value
LN Standing EMG amplitude (%EMGuyc) 0.135 0.090 0.024
Sex (F=0, M=1) -0.002 (-0.278, 0.275) 0.287
Age (years) 0.008 (-0.011, 0.027) 0.262
Knee extension strength (kg) -0.006 (-0.012, -0.001) 0.202
Weight (kg) 0.013 (0.004, 0.022) 0.006
LN Sitting muscle inactivity time (%, threshold 60%EMGsanding) 0.506 0.473 <0.001
Sex (F=0, M=1) -0.677 (-1.358, 0.004) 0.051
Age (years) -0.026 (-0.073, 0.021) 0.275
Knee extension strength (kg) -0.004 (-0.017, 0.009) 0.526
LN Inactivity threshold (60%EMGsianding) -1.985 (-2.528, -1.441) <0.001
Lean mass (%) 0.037 (0.003, 0.070) 0.032

Boldface font denotes to significance at P < 0.05. The covariates sex, age, knee extension strength and the individual inactivity threshold were
entered into the models and the anthropometric variable was selected in a stepwise analysis. LN = variable transformed with natural logarithm.
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Figure legends

FIGURE 1. Schematic illustration of the four inactivity thresholds and two examples of the
respective inactivity periods. The bursts in EMG during sitting break up the inactivity periods

depending on the burst amplitude and the threshold used.

FIGURE 2. Individual sitting inactivity time (% of measurement time, threshold
1%EMGwmvc) and burst/min ranked by inactivity time. Raw data samples from the sitting

period are shown from cut points of every quartile, from the most active to the most passive.
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