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The Effect of an e-Health Intervention Designed to Reduce
Prolonged Occupational Sitting on Mean Arterial Pressure

Casey P Mainsbridge, BHM, BEd (Hons), Paul D. Cooley, PhD, Sharon P Fraser, PhD, and Scott J. Pedersen, PhD

Objective: To evaluate the effect of a workplace health intervention de-
signed to reduce prolonged occupational sitting on the mean arterial pressure
(MAP) of desk-based employees. Methods: This randomized controlled trial
involved an experimental group who received an e-health intervention and a
control group who did not. The 13-week intervention passively prompted par-
ticipants to stand and engage in short bouts of office-based physical activity
by interrupting prolonged occupational sitting time periodically throughout
the workday. Mean arterial pressure was measured at pretest and posttest.
Results: Between pretest and posttest the experimental group significantly
reduced their MAP, whereas MAP in the control group did not. Conclusions:
A workplace e-health intervention designed to reduce prolonged occupational
sitting was effective in decreasing MAP in desk-based employees.

P revalent in Australia are a range of workplace health and well-
ness interventions designed to reduce or eliminate cardiovascu-
lar disease (CVD) risk factors by advocating an increase in physical
activity. The inclusion of increased physical activity is largely in
response to evidence of an inverse relationship between habitual
physical activity and blood pressure (BP).! Yet, recently, prolonged
sitting has been identified as being independent of cardiovascular
fitness levels.>™ Thus, regardless of voluntary exercise levels, desk-
based workers who sit for more than 6 hours per day at work>:
might still be exposed to CVD risk.”:® In response, there has been
an increased effort to regularly break occupational sitting periods’:!?
by integrating regular short bursts of non-exercise physical activity
(NEPA) throughout the workday.!' There is evidence that increasing
NEPA results in positive change to some physiological functions,'?
yet there are no data of the effect on BP. Thus, the aim of the re-
searchers in this study was to assess the effect of NEPA on BP within
a workplace setting.

Regular moderate-to-vigorous physical activity is widely re-
garded as a method to reduce hypertension.'>'* The evidence indi-
cates that dynamic physical activity (moderate-to-vigorous) results
in BP changes in individuals who are hypertensive. Nevertheless,
there is some evidence that lower-intensity physical activity can also
reduce BP in borderline hypertensive individuals. Ishikawa-Takata
et al'® reported that one session of 30 to 60 minutes per week of
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physical activity resulted in significant reductions in both systolic
and diastolic BP at rest. Similarly, Ross and McGuire'? reported
that incidental NEPA accrued sporadically throughout the day was
associated with increased levels of cardio-respiratory fitness in inac-
tive, abdominally obese men. Given the difficulties associated with
adherence rates in voluntary aerobic exercise programs that use tra-
ditional guidelines'® and the lack of data that cardiovascular fitness
levels might not reduce CVD,'” the use of NEPA has become an at-
tractive proposition for workplace health and wellness interventions.

On the basis of this, we subjected desk-based employees
to a protocol of regular short bursts of NEPA to interfere with
prolonged sitting habits to ascertain any effect such activity might
have on employees’ BP. Rather than analyze systolic and diastolic
BP variables, it was determined that mean arterial pressure (MAP)
would be a better measure because it provides a better representation
of the average pressure throughout one cardiac cycle.'®:!'* Among
the few studies that have addressed the effect of MAP on CVD,
Dyer et al?® and Mitchell et al?! found that MAP was strongly
associated with CVD risk and increases in myocardial infarction.
Measurements for MAP that are greater than 110 mmHg in adults
are considered too high and can impact negatively on individual
health.?> We hypothesized that desk-based employee’s exposed to
regular short bursts of NEPA would significantly reduce their MAP,
whereas control participants who were not prompted to perform
NEPA during the workday would not.

METHOD

Participant Recruitment

Desk-based employees from the Tasmanian Department of Po-
lice and Emergency Management were invited by their occupational
health and safety officer to volunteer to participate in the study. These
employees were located at eight worksites across the state. Because
of limitations in previous field-based studies not using randomized
controlled designs,'®?* the sample for this study was recruited for
a randomized controlled trial. No a priori data were available for
this study; therefore, a power analysis to predict sample size was
unable to be conducted. From the initial 80 volunteers, a computer-
based random numbers generator was used to select 40 participants
for the sample. Once these participants were identified, they were
then contacted to determine whether they fit the inclusion criteria.
These criteria were being a full-time employee; primarily having
desk-based job responsibilities; using a desktop personal computer
with Internet access to perform daily work tasks; and being medically
cleared to perform short bouts of daily physical activity. On the basis
of these criteria, 11 individuals were excluded—seven participants
were not primarily desk-based for their daily work; two participants,
while desk-based, did not have desktop Internet access; and one per-
son was not medically cleared to participate in workplace physical
activity. Moreover, the day before the orientation session one partic-
ipant was excluded because of a job transfer to another government
agency. The occupations of the remaining sample (female = 24,
male = 5) varied between roles such as reception duties, administra-
tive support, call center, forensic analysis, community liaison, media
liaison, transcription, and sworn duties. All volunteers who were not
selected for the study were told that they could receive the workplace
health intervention once the experiment was over. All participants in
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this study provided informed consent according to university ethical
guidelines and the Declaration of Helinski before the initiation of
any study procedures.

PROCEDURES

After the initial screening for study inclusion, the participants
attended an orientation session in a computer laboratory at the Po-
lice headquarters. Before this session began, systolic and diastolic
BP measurements were collected from each participant by an in-
ternationally qualified nurse,>* who was blinded to the participant’s
group allocation. This registered nurse used a Welch Allyn Sphygmo-
manometer Platinum Series—DS58-11 inflatable cuff (Welch Allyn
Australia Pty. Ltd., New South Wales, Australia) placed around the
upper arm of each participant. Before any BP measurements were
performed and recorded in this study, all sphygmomanometers were
checked and calibrated using a seven-step procedure recommended
by Ali and Rouse.? Each participant had two consecutive seated BP
measurements taken with a 1-minute interval between each measure-
ment following the Heart Foundation guidelines to ensure quality and
consistency.?® Each participant was seated for a minimum of 5 min-
utes before each reading was taken.”” Next, participants completed
a pretest survey, which included questions from the stages of change
questionnaire,”® Short Form—36 health questionnaire,” and an oc-
cupational physical activity questionnaire®® to provide demographic
data on our sample.

After the pretest was complete the educational induction ses-
sion began. The research team provided all participants with an ed-
ucational lecture on the negative health effects associated with pro-
longed occupational sitting time (10 minutes), general instructions
on performing appropriate workplace physical activity (20 minutes),
and an active demonstration on how to use the e-health intervention,
as described in the Intervention section (30 minutes). Contamination
of the participants was prevented by the research team not divulging
the study hypothesis and by providing education on an intervention
designed to reduce prolonged sitting in the workplace. During this
time, participants were allowed to actively engage with the health
intervention and ask any questions related to the information they
just received.

Finally, the participants were randomly assigned with replace-
ment either to the experimental group who received the e-health in-
tervention (n = 11; mean = 36.73 £ 12.38 years) or to a control
group who did not (n = 18; mean = 42.28 & 9.59 years). Research
staff and participants were not blinded to group allocation. Although
the lack of blinding does raise issues with study bias and validity,?!-3?
participants in the control group were informed at the beginning of
this study that they would receive the intervention on the conclusion
of'the study. This process was completed by using a random numbers
generator. There was no significant difference between the mean ages
of the two groups (P = 0.22). True randomization to treatment groups
was paramount in the research design of this field-based study, and
thus groups were purposefully not matched across any demographic
variables or pretest data. Participants were informed that the study
would take place during their work hours for the next 13 weeks,
after which they would attend one more session to collect a final BP
measurement. The Tasmanian Department of Police and Emergency
Management administration fully supported this research study and
granted the participants the time from work to participate in these
two data collection sessions.

Experimental Design

A pre-/post-research design was implemented to assess the
hypothesis. To assess the effect of the increasing NEPA on MAP,
BP measurements were collected at baseline and immediately after
exposure to a 13-week experimental period and compared between
an experimental and control group. The experimental group received
the intervention outlined in the Intervention section, whereas the
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control group did not. The 13-week experimental period was based
on previous research by Lally et al,** who found that behavior change
and habit formation on average take 66 days. A potential threat to
validity was the use of self-report data to measure NEPA and the
issue of a potential for error in the measurement. We rejected the use
of accelerometers because we felt that they might influence behavior
because of a surveillance effect.’* Instead, we chose to verify the
NEPA reports by contacting participants by telephone throughout
the experimental period. The nature of the telephone contact was to
ask participants to verify their self-report of occupational physical
activity for the given day.

INTERVENTION

Participants in the experimental group were provided an in-
teractive e-health software program, titled Exertime,’® installed on
their desktop computer immediately after the pretest. This software
was designed to encourage NEPA by prompting employees to break
long bouts of sitting by standing up to engage in a brief bout of short-
burst physical activity periodically during work hours. This e-health
program initiated every 45 minutes as a prompt bubble emanating
on the bottom right-hand side of the employees’ computer screen.
The 45-minute prompting time was based on national guidelines for
office employees,*® which specify that all computer-based employ-
ees should remove themselves from a sedentary position for a short
period every hour. The prompt indicated that it was time to stand up
and engage in a user-selected activity, such as standing while talking
on the phone, wall touches while using the photocopier, walking to
talk to a colleague, or climbing the office stairs to attend a meeting.

The appearance of the prompt on the computer screen func-
tioned as a passive stimulus in that participants had no choice but to
engage with it within a 30-second period. A 30-second countdown
measure was included in the prompt, throughout which time par-
ticipants could select to either engage with the program, postpone
the prompt, or simply wait for the 30-second countdown to finish
at which time the program would engage automatically. Once the
program was engaged, the employees’ computer screen only dis-
played the Exertime application forcing them to participate before
being allowed to have control of their computer. The software fea-
tured a postpone function, which enabled participants to temporar-
ily delay the prompt for a selected time period (eg, 10, 15, 30, or
60 minutes) before it reappeared. This function could only be acti-
vated for a maximum time of 1 hour. The inclusion of a postpone
function was based on the expectation that employees might be in-
volved in a phone conversation, an important meeting, or might need
to access computer-based information rapidly; therefore, in a situa-
tion such as this employees could choose to postpone the prompt. In
the situation where an employee undertook an unscheduled break that
was not prompted by the intervention, the software featured a “log
additional Exertime” function, which allowed employees to record
any NEPA that they had performed while not at their desk. These
data were recorded by the software program. These functionality
options of the software were thoroughly described to all employees
during the orientation session.

Once employees in the experimental group selected an ac-
tivity, it was their individual decision of how to engage with the
prompted opportunity. There was no set requirement placed on par-
ticipants in terms of activity choice, repetitions, duration, or intensity.
At the very least, participants were simply asked to stand during the
Exertime sequence. Alternatively, participants in the experimental
group could choose from one of 65 office appropriate exercises,
such as walking, desk squats, or a wall sit. When participants com-
pleted the chosen activity, they were prompted to record the number
of repetitions or the amount of time in seconds that they completed so
the software could log their daily progress. Their daily progress was
graphically presented, indicating the amount of calories expended
and the amount of time that they had spent out of their chair to
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engage in the Exertime activity. This function was incorporated
because of research indicating that people who want to change
their health habits should be encouraged to regularly monitor their
progress in adopting a new behavior.>”*® Once employees’ data were
recorded, the Exertime sequence terminated and the employees were
able to regain control over their computer screen to continue with
their daily work responsibilities. It did not matter which activity was
selected, because any time employees were not sitting in their office-
based chair during work was considered to require NEPA, and the
software was designed to record this progress. For example, if an
employee took a break from his or her desk-based work to use the
toilet or walk to speak to a colleague, this activity could be logged
as NEPA using the software.

During the experimental period, participants received phone
calls at random times during the workday from the research team
to ensure that they were accurately reporting their participation
progress in the program, and if there had been any other changes
in their daily routine such as an initiation of leisure time physical
activity or a change in eating habits (ie, reduction in salt intake or un-
healthy eating) that might have elicited a change in MAP. No partic-
ipants reported false entries or any such behavior changes during the
13-week trial.

Each participant recorded their activities and levels of en-
gagement (time moving or number of repetitions) for each attempt
at NEPA throughout each workday of the 13-week trial. On the basis
of an 8-hour workday and incorporating a 1-hour lunch break, each
participant was presented with the prompted opportunity to engage
with the e-health program on nine separate occasions. Receiving the
prompt on nine separate occasions occurred if the participant re-
mained seated at their desk for the entire workday and did not post-
pone the prompt. Adherence to the e-health intervention in terms of
usage per day and duration of each sitting break was measured and
reported in the Results section.

CONTROL GROUP

During the 13-week experimental period, the control group
was instructed where possible to continue work as normal. To avoid
any surveillance or Hawthorne effect, members of the control group
were informed during the orientation session that at the end of the
study they would receive the e-health software program. Further-
more, each control group participant was contacted by phone on
multiple occasions throughout the study to clarify that they had
been continuing their workplace behavior as normal. The results of
the phone contact confirmed that the control group participants had
been continuing normal workplace behavior and had not initiated
any new forms of physical activity during or outside of working
hours.

STATISTICAL ANALYSES

To arrive at one dependent variable for data analysis of BP,
MAP was calculated using the formula (systolic pressure + [2 x
diastolic pressure]/3) described as being one third of the distance
between the systolic pressure and diastolic pressure.’*** Descrip-
tive statistics for all three BP variables are presented as means and
standard deviations in the Results section. A 2 (group: experimental/
control) x 2 (test: pretest/posttest) mixed design analysis of variance
was used to test any significant changes in MAP. Alpha was setato =
0.05. Effect size was reported using partial eta squared (nf,)statistic
for comparison to all future related studies. All data were analyzed
using SPSS version 21.0 (SPSS, Inc, Chicago, IL).

RESULTS

Demographics
All participants were in one of the following behavior change
categories: contemplation, action, or relapse stage.?® In terms of self-

reported health,” the sample was representative of the Australian
population,*! with a mean physical component score of 62. This
score indicates that the sample perceived their health to be average
in relation to the population. Furthermore, the participants worked
an average of 39.83 (£11.73) hours per week. This time was spent
sitting and standing at work for 34.4 (£7.42) hours per week, and
they spent 5.53 (45.19) minutes per day walking at work.*

Analysis of the dependent variable indicated a significant in-
teraction between group and test, £(1,27) = 6.85, P < 0.05. As can
be seen in Fig. 1, the experimental group significantly decreased their
MAP from pretest (mean = 100.85 £ 11.94) to posttest (mean =
90.55 £+ 11.46) with a large effect size (77,2, = 0.67), whereas the
control group marginally increased their MAP from pretest (mean =
101.98 £ 16.60) to posttest (mean = 102.07 &+ 10.61) with a small
effect size (ni = 0.01). The latter finding did not reach significance.

The systolic and diastolic BP descriptive values used to cal-
culate MAP are presented in Table 1.

For the duration of the trial, no participants withdrew from
the study, and all participants’ results were analyzed. In terms of
the duration of breaks from sitting, the e-health software prompted
participants in the experimental group to engage in NEPA for 7.99 +
4.44 minutes per day by performing short-burst physical activities
6.28 £ 3.59 times per workday. The average time for each bout of
NEPA was 1.34 + 0.74 minutes.

DISCUSSION

The result of this study gives an indication that increasing
movement at work through NEPA can have beneficial health out-
comes. Passively prompting desk-based workers to take a regular
break from their sitting positions to voluntarily engage in movement
resulted in a decrease in MAP over a 13-week period. With the
failure to entice large sections of the population to engage in volun-
tary exercise, alternatives such as NEPA might offer a more salient
mechanism to influence population health and associated outcomes.

Our results have several implications. To our knowledge, this
is the first study to test the effect of a NEPA intervention on BP.
Typically, systolic BP has been the measure of choice when examin-
ing sedentary adults who are hypertensive.®*> We chose to analyze
MAP on the basis of evidence indicating an association between
MAP and CVD risk factors.?-2! Our finding provides support for
Healy et al,** who found that frequent breaks in sedentary time im-
proved cardio-metabolic profile when compared with uninterrupted
sedentary time, independent of moderate-to-vigorous physical ac-
tivity. Our results should be replicated by other researchers using
MAP as the primary means of assessing effect NEPA based inter-
ventions on BP on a larger sample of desk-based workers because
this population is often overlooked in the occupational health and
safety literature.

We suggest that, with a decrease in MAP because of an in-
crease in NEPA, health researchers revise their research interventions
to move away from voluntary activity-based programs. Such a move
might result in improved compliance to interventions and reach a
portion of the population that would have the most benefit. The
traditional exercise-based programs (eg, lunchtime exercise classes)
tend to recruit those already involved in leisure time physical activ-
ity, or those who would like to and then take the opportunity to do
so. Nonetheless, the latter group normally finds the behavior change
too difficult and drops out before the maintenance stage. Our results
suggest a paradigm shift to interventions designed to increase lower—
intensity-based movements combined with increased control over
the type of movement in workplace health interventions. If health
researchers are serious in attempting to help reduce CVD in the pop-
ulation, then the scope of their programs must change. We think that
our results provide evidence to support such a paradigm shift.

The efficacy of a passive prompting intervention to change
the negative health behavior of prolonged occupational sitting was
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FIGURE 1. Mean arterial pressure (MAP) values of office-based employees in the experimental group and control group at

pretest and posttest. Experimental group (-) and control group (

TABLE 1. Participant Systolic Blood Pressure and Diastolic Blood Pressure at Pretest and Posttest by Group
Group Presystolic Postsystolic Prediastolic Postdiastolic
Exertime (n = 11) 132 (15.38) 127.72 (8.25) 85.27 (11.13) 79 (7.88)

Control (n = 18) 137.17 (17.91)

135.89 (17.28)

84.39 (14.88) 85.17 (11.73)

*Values are means (standard deviations).

apparent in this study. The basis of the passive prompt feature meant
that the participants had to consciously engage with the software pro-
gram because it superseded all other active computer-based programs
being used at that time and required a response within 30 seconds
before the program would automatically initiate. This technique
proved valuable in encouraging participants to, first, stand from their
seated position and, second, perform 1 to 2 minutes of office-based
NEPA regularly throughout the workday. Participation in and adher-
ence to the short-burst office-based physical activities incorporated
within the intervention might have also been facilitated by the ed-
ucational lecture, instructions on performing appropriate workplace
physical activity, and information on how to use the intervention
software delivered at the initial orientation session.** Although the
control group did receive the educational lecture and instructions
on workplace physical activity, MAP levels of the control group
marginally increased after the 13-week study period. This further
demonstrated the value of the passive prompt in changing the health
behavior of desk-based employees. Overall, the use of a passive
prompt as a mechanism to reduce prolonged occupational sitting
and increase NEPA might offer a solution to reconcile the cardio-
metabolic health consequences of prolonged occupational sitting.
Lowering MAP in adults by interrupting prolonged periods of
sitting is an important health outcome for workplaces because high
MAP levels are related to increased risk of morbidity and mortality
rate.* As previously acknowledged by Seeley et al,?> measurements
for MAP that are greater than 110 mmHg in adults are considered too
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high and can adversely impact on individual health. In individuals
with hypertension (greater than 140/90 mmHg; MAP greater than
107), the initial goal of treatment is to reduce MAP to a normotensive
pressure.*® Typically, this is treated with prescribed medication and
physical activity. Another factor that contributes to hypertension and
CVD within the workplace is work-related stress.” Previous research
has shown increases in BP in subjects with high work stress.*® It
is possible that desk-based employees who experience high levels
of work-related stress are reluctant to remove themselves from their
office-based chair throughout the workday. By failing to do this, they
might be adding to their cardiovascular risk by not only not standing
from their chairs and moving to increase energy expenditure, but
also by not capitalizing on a potentially valuable mental break that 1
to 2 minutes of physical activity might provide. On the basis of these
factors, workplace health interventions framed on regular short bouts
of movement throughout the workday offer a viable and practical
option for improving employee cardio-metabolic health indicators
such as MAP and might also influence nervous system reactivity to
work-related stress.

The objective clinical measurement of BP, randomized group
allocation, and field-based study duration were key strengths of this
study. Moreover, a good built in feature of the software was the
ability to record the duration and frequency of the NEPA breaks.
Similarly, the ability to record the NEPA breaks that occurred at un-
scheduled times was effective in capturing employee movement
when not at their desks. Limitations of this study included the

© 2014 American College of Occupational and Environmental Medicine
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small sample size, and not matching group participants across de-
mographic variables. Considering that the majority of participants
were female (83%), the findings should be treated with for limited
generalizability. The possibility that MAP could change as a result
of age did exist, with previous research indicating age-associated
increases in both systolic and diastolic BP**=! To address these lim-
itations, future trials should incorporate larger sample sizes that can
detect health and work-related benefits or adverse effects to improve
generalizability, and group participants should be matched across
the demographic variables outlined previously in this article.

CONCLUSIONS

This is the first study to examine the effect of an interven-
tion designed to reduce prolonged occupational sitting on the MAP
of a cohort of desk-based employees. The major finding was that
an intervention based on prompting desk-based employees to stand
and perform NEPA significantly decreased MAP in the experimental
group compared with a control group. This indicates that desk-based
employees might not need to rely on purposeful physical activity that
is set in duration and intensity to improve their health. A key fea-
ture of the intervention was the passive nature of the prompt and
how this functioned to consciously engage the participants in the
decision-making process of standing and being physically active.
In conjunction with the potential health implications that break-
ing prolonged occupational sitting in the workplace can contribute,
our findings offer scope for practical application in home environ-
ments, school environments, and whenever sitting might occur for
prolonged periods.
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