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The number of steps per day influences blood pressure and health. However, the as-
sociation between steps at work and leisure and blood pressure is unknown. Thus,
we aimed to investigate the association between the domain-specific number of steps
and systolic blood pressure. A thigh-worn accelerometer was used to measure the
steps of 694 workers over 1-5 consecutive days, separated into work and leisure do-
mains using a self-reported diary. We linearly regressed steps at work, leisure and
total day against systolic blood pressure, adjusting for age, sex, body mass index,
smoking, and antihypertensive medication. Additionally, we stratified the analyses
on job type (blue-collar or white-collar). The results of this cross-sectional analysis
indicated a beneficial association between the number of steps (per 2000-step inter-
val) and systolic blood pressure for the total day (—0.5 mmHg; —1.0 to —0.8, 95% CI,
p < 0.05) and work (—0.9 mmHg; —1.5 to —0.4, 95% CI, p < 0.05), but not for leisure
(+0.1 mmHg; —0.7 to 0.9, 95% CI, p = 0.75). Blue-collar workers took almost twice
as many steps at work (9143 + SD3837) as white-collar workers (5863 + SD3565)
and, after stratification on job type, we observed a beneficial association between
the number of steps at work and systolic blood pressure among blue-collar work-
ers (—1.1 mmHg; —1.7 to —0.4, 95% CI, p < 0.05), but not for white-collar workers
(=0.3 mmHg; —1.7 to 1.1, 95% CI, p = 0.7). These findings indicate that the number
of steps at work, particularly among blue-collar workers, is beneficially associated
with systolic blood pressure. Such findings support the potential of work (re)design
to promote walking to improve blood pressure.
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1 | INTRODUCTION associated with being overly sedentary.’ Walking—typically
quantified by the number of steps—remains an important
and feasible means to meet current physical activity guide-
lines and increase activity.2 Walking is an activity accessible

to a large proportion of the population all over the world,

The World Health Organization's (WHO) 2020 guidelines
on physical activity and sedentary behaviors underline
the health benefits from being active and the health risks
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independent of skill level or access to equipment3 and an
activity associated with reduced cardiovascular disease and
mortality risk.*?

To date, the majority of research on the association be-
tween the number of steps and health has focused on the
number of steps per day (total steps)6 omitting information
on domain. Domain, in this case, refers to whether activi-
ties occur during work or leisure hours.” This omission is in
spite of evidence indicating large variation in the distribution
of activity across domains in adult populations8 and the ev-
idence of evolving research indicating that associations be-
tween physical activity and health can differ depending on
domain,”*" also known as the Physical Activity Paradox.””
For example, walking at work has been shown to produce a
higher heart rate than walking during leisure, perhaps indi-
cating extra stimulus at work, which in turn, could explain the
negative effect on health.'* Thus, domain information may
be of particular importance when considering adults from
different job types, for example, white-collar workers who
typically take fewer steps at work'® and blue-collar workers
who can often take a large number of steps at work. !>

Hypertension—defined as high blood pressure of
>140 mmHg systolic, >90 mmHg diastolic blood pres-
sure, and/or current use of antihypertensive medication' —
represents a globally relevant health indicator, prevalent in
large portion of the adult population17 and acting as a leading
cause of myocardial infarction and stroke mortality world-
wide.!” Moreover, blood pressure is unlikely to be influenced
by the established bidirectional association between physical
activity and many other health indicators, such as BMI, mak-
ing it a more suitable outcome measure for cross-sectional
analyses.6

We are not aware of any studies, to date, investigating the
domain-specific association between the number of steps and
blood pressure. Therefore, we aimed to investigate this as-
sociation among working adults involved in blue-collar and
white-collar occupations. Our hypothesis was that the num-
ber of steps at work is associated with higher systolic blood
pressure (ie, a positive association), while the number of
steps at leisure is associated with lower systolic blood pres-
sure (ie, a negative association).

2 | MATERIALS AND METHODS

The analyzed data were obtained from the Danish
Physical ACTivity cohort with Objective measurements
(DPHACTO). A full description of this cohort profile and
study protocol is published elsewhere.'®!” A total of 2107
workers from the cleaning, manufacturing, and transport
industries in Denmark were invited to participate—of
which—1087 were included at baseline. The current anal-
ysis includes data from 694 workers (Figure 1). Overall,
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FIGURE 1 The flow of workers

workers completed a health examination with blood pres-
sure measurement.”’ Subsequently, an accelerometer
(ActiGraph GT3X+, ActiGraph LLC) was attached to their
thigh for measurement of number of steps over consecu-
tive days. Written informed consent was required before
participation. Exclusion criteria for participation in device-
worn measurements were defined as pregnancy or allergy
to adhesive plaster. Data collection was in accordance with
the Helsinki Declaration and was approved by the Danish



CROWLEY ET AL.

1964
—I—Wl LEY

Data Protection Agency, following evaluation by the local
ethics committee (H-2-2012-011).

2.1 | Device-worn measurements of
number of steps

The procedure for the accelerometer attachment and signal
analysis is described in detail elsewhere.’ Briefly, the ac-
celerometer was initialized using Actilife software version
5.5 (ActiGraph LLC) and set to sample at a frequency of
30 Hz. The accelerometer was then placed mid-way along
the anterior surface of the right thigh and held in place using
an adhesive plaster (Opsite Flexifix, Smith & Nephew).
Workers were asked to wear the accelerometer 24-h per day
over 1-5 days, including at least two working days. Workers
were further instructed to remove the device if they expe-
rienced any skin irritation or discomfort. A diary was pro-
vided to each participant to log work hours and leisure time.
After data collection, the diary and ActiGraph device were
returned to the research staff.

Accelerometer signals were processed using the Acti4
software developed at the National Research Centre for the
Working Environment Copenhagen. Acti4 classifies activity
types and postures using a decision tree model based on the
inclination and acceleration magnitude.zo Steps were derived
using frequency analysis of acceleration along the longitudi-
nal axis of the thigh, for time intervals classified as walking,
running, and stair climbing.21 These stepping activities are
then used to provide a validated measure of the step quan-
tity,zo’21 which can then be classified according to the domain
(ie, work and leisure) using participant diary entries.

The mean number of steps across all valid measured days
was calculated for 1) total number of steps (ie, steps during
awake hours), 2) steps at work, and 3) steps at leisure. A day
was considered valid if it comprised at least 10 h of measure-
ment during the awake period. Work or leisure period was
considered valid if it comprised at least 4 h of wear time or
75% of average wear time across days.22

2.2 | Blood pressure measurement

During the health examination, workers were asked to sit on
a chair for 15 min with their back supported, arms rested,
and legs uncrossed. Thereafter, in a seated position, a cuff
was placed on the upper left arm of the participant and
resting systolic and diastolic blood pressure were meas-
ured using the Omron M6 Comfort (Omron Health Care).
Measurements were performed three times at a regular inter-
val of 1-2 min, and the average of systolic blood pressure in
millimeters of mercury (mmHg) from the last two measure-
ments was used in the analysis. Physiological outliers were

considered as a diastolic blood pressure value <50 mmHg or
>130 mmHg and a systolic blood pressure value <80 mmHg
or >240 mmHg.23 Only systolic blood pressure was included
in models as there was a strong positive linear correlation
between systolic and diastolic blood pressure in this dataset,
similar to previous studies.?*2

2.3 | Assessment of potential confounders
Age, in years, was based on social registration numbers in
Denmark. Sex was determined via a single item “Are you
male or female? Yes or No”. Information on job type was
determined via a single item “What is your present main
occupation? Blue-collar, white-collar, manager, student/
trainee, other”. Only those responding “blue-collar” or
“white-collar” were included in the present analysis. If
considered in terms of the average time at work spent in
different physical behaviors, Blue-collar work in the clean-
ing industry was characterized by a considerable amount
of time on feet at work (5.3 h), of which 3.3 h were spent
walking.? In the transport industry, blue-collar work was
typified by a large degree of sedentary behavior (4.6 h) and
comparatively little time on feet (2.8 h) or walking (1.8 h).20
Finally, blue-collar work in manufacturing was typified
by moderate quantities sedentary behavior (2.4 h sitting or
lying) as well as, stationary standing (2.8 h) and walking
time (2.5 h) in comparison with the cleaning and transport
groups.20 Smoking status was obtained using four response
categories, which was subsequently collapsed into a dichot-
omous variable “Do you smoke? Yes (Daily, Occasionally),
No (Former, Never)”. Body mass index (BMI, kg.m_2) was
calculated using measured body mass (kg) and height (cm).
The use of prescription antihypertensive medicine was as-
sessed using the question “Have you in the last three months
been taking prescription medication?” If yes, “What kind of
medicine? Antihypertensive? Yes or No”.

2.4 | Statistical analysis

R version 4.0.2 (2020-06-22) was used for all statistical
analyses. Where appropriate, results were presented as the
mean and standard deviation (Mean +1 SD) and percentages
(N %). The distribution of stepping data was checked and
considered normally distributed. To determine the associa-
tion between the independent variables, total steps, steps at
work and steps at leisure, and the dependent variable, sys-
tolic blood pressure, three unadjusted linear regression mod-
els were created. Subsequently, adjusted models including
smoking status, BMI, sex, and age were created. Both linear
and nonlinear models were created, but as nonlinear models
did not improve the fit, the linear models were preferred. The
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selection of confounders was based on previous research and
theoretical assumptions a priori.6

2.5 | Sensitivity analysis
Primary adjusted models were re-run on data stratified accord-
ing to job type (blue-collar and white-collar). Further for strati-
fication according to the use of antihypertensive medication and
smoking (See appendix for results of the latter stratifications).
Regression results were presented as the coefficients (p),
the upper and lower confidence intervals (95% CI) and p-
value (threshold for statistical significance set at p < 0.05).
Residuals from each model were assessed for deviation from
normality, and correlation between predictors was used to as-
sess multicollinearity issues.

3 | RESULTS

A total of 694 eligible workers were included in the analysis
(Figure 1). Including 560 blue-collar and 134 white-collar
workers (Table 1). Mean systolic and diastolic blood pres-
sure were 134 + 15 mmHg and 84 + 10 mmHg, respectively.
The average total steps were 13187 + 4728, consisting of
8511 + 4004 steps at work and 5490 + 2593 steps at leisure.
The average number of days measured was 2.8 + 1.0, con-
sisting on average of 7.6 + 1.3 h measured at work per day
and 13.7 + 2.4 h measured at leisure per day.

TABLE 1 Descriptive data for the
study population of 694 workers, of which
560 were blue-collar workers and 134 were

white-collar workers Age (years)

Sex
Male
Female
BMI (kg.m %)
Smoking status
Current smoker

Non-smoker

Prescribed antihypertensive 692

medication
Blood pressure
Systolic
Diastolic
Steps
Total
At work

At leisure

Estimates for unadjusted and adjusted models for the as-
sociation between total steps, steps at work, and steps at lei-
sure, and systolic blood pressure are presented in Table 2. For
adjusted models, the direction of the association appeared
negative as illustrated by Figure 2.

As shown in Table 2, a higher total number of steps was
associated with a lower systolic blood pressure (—0.5 mmHg
per 2000-step interval; —1.0 to —0.08, 95%CI, p = 0.02).
Furthermore, a higher number of steps at work was also
associated with lower systolic blood pressure (—0.9 mmHg
per 2000-step interval; —1.4 to —0.4, 95%CI, p = 0.0006).
However at leisure, no clear association was observed between
number of steps and systolic blood pressure (+0.1 mmHg per
2000-step interval; —0.7 to 0.9, 95%CI, p = 0.75).

3.1 | Sensitivity analysis

The association was further investigated within job types
(Table 2). Among blue-collar workers, a higher total number
of steps was negatively associated with a lower systolic blood
pressure, although not statistical significant (—0.5 mmHg per
2000-step interval; —1.0 to 0.0, 95%CI, p = 0.05). At work
among blue-collars workers, a higher number of steps was
significantly associated with a lower systolic blood pressure
(—1.1 mmHg per 2000-step interval; —1.7 to —0.4, 95% CI,
p = 0.0009), whereas no clear association was found within
the leisure domain (+0.3 mmHg per 2000-step interval; —0.6
to 1.2,95% CIL, p = 0.50).

Total Blue-collar White-collar
n Mean (+1SD) or Mean (%)
694 45 (9.6) 45 (9.6) 47 (9.1)
694 366 (52.7%) 302 (53.9%) 64 (47.8%)
328 (47.3%) 258 (46.1%) 70 (52.5%)
681 27.3 (4.8) 27.4 (4.9) 26.9 (4.5)
690 196 (28.2%) 173 (30.9%) 23 (17.2%)

494 (71.2%)
95 (Y); 597 (N)

384 (68.6%)
77 (Y); 482 (N)

110 (82.1%)
18 (Y); 115 (N)

694 133.9 (14.6) 133.5 (14.7) 135.5 (14.2)
83.7 (10.2) 83.6 (10.2) 84.2 (10.0)

694 13187 (4728) 13820 (4644) 10546 (4139)
8511 (4004) 9143 (3837) 5863 (3565)
5490 (2593) 5538 (2628) 5292 (2437)

Note: Values are presented as mean values +1 standard deviation (SD) or percentage (%) for count variables.



1966
—I—Wl LEY

CROWLEY ET AL.

95% CI
Domain of steps Type of model P Coefficient Lower
Total Unadjusted -0.7 -1.2
Adjusted -0.5 -1.0
At work Unadjusted -0.9 -1.5
Adjusted -0.9 -1.5
At leisure Unadjusted -0.6 -1.4
Adjusted 0.1 -0.7
Blue-collar
Total Adjusted -0.5 -1.0
At work Adjusted —1.1 -1.7
At leisure Adjusted 0.3 —0.6
White-collar
Total Adjusted -0.3 -14
At work Adjusted -0.3 -1.7
At leisure Adjusted —0.7 -2.8

TABLE 2 Adjusted and unadjusted
estimates and 95% confidence intervals (CI)

Higher  p-value for the association between number of total
—03 <0.05 steps and steps within domains and systolic
008 0.02 blood pressure

-0.4 <0.05

-0.4 <0.05

0.2 0.2

0.9 0.8

-0.0 0.05

-0.4 <0.05

1.2 0.5

0.9 0.6

1.1 0.7

14 0.5

Note: Analysis was conducted on the data from 694 workers, of which 560 blue-collar workers and 134 white-

collar workers. p coefficients and confidence interval values are presented per 2000-step interval.

Unadjusted models included only the dependent and independent variables. Adjusted models also included

smoking status, BMI, sex, and age.

Among white-collar workers, we observed only small ten-
dencies of non-significant beneficial association between the
number of steps and systolic blood pressure; neither number
of steps in total (—0.3 mmHg per 2000-step interval; —1.4
to 0.9, 95%CI, p = 0.60), at work (—0.3 mmHg per 2000-
step interval; —1.7 to 1.1, 95%CI, p = 0.68) nor at leisure
(—=0.7 mmHg per 2000-step interval; —2.8 to 1.4, 95%CI,
p =0.49).

4 | DISCUSSION

The aim of this study was to investigate the association
between the domain-specific number of steps and blood
pressure. We found a beneficial association between the
number of steps and systolic blood pressure for total steps
and steps at work, but not for steps at leisure. Further, we
observed a beneficial association between number of steps
at work and systolic blood pressure among blue-collar
workers, but no clear beneficial association at work for
white-collar workers.

Our main finding was a beneficial association between the
number of steps and systolic blood pressure for the total num-
ber of steps, and steps at work, but not for steps at leisure. A
beneficial association between the number of steps and sys-
tolic blood pressure is in line with previous studies,?”® and
not novel. However, the finding of a beneficial association
between the number of steps at work and systolic blood pres-
sure is novel and in contrast to our hypothesis. This hypoth-
esis was based on the findings of research into the physical

activity pa.radox,7 where six general mechanisms have been
proposed to explain this paradox,29 including an insufficient
dose, elevated 24-h heart rate, heavy lifting and static pos-
tures, insufficient recovery time, low work task control, and
increased inflammation levels.”’ However, the general mech-
anism or pathway resulting in the paradox is likely to depend
on the health outcome and physical activity type. The number
of steps is thought to account for both light and moderate-
intensity physical activity types.® Thus, in the current study
sample, steps at work may therefore constitute sufficiently
dynamic whole-body movement that beneficially affects
blood pressure, in contrast to movements with a high inten-
sity that occur at work.?

We did not find any clear beneficial association be-
tween number of steps at leisure and systolic blood pres-
sure. Previous research indicates a beneficial and protective
effect of leisure-time physical activity on health.*® In the
current study, the number of steps at leisure was quite low
(5490 + 2593), which if considered in isolation, indicates a
rather sedentary period that may not be sufficient to have a
protective effect on blood pressure. Previous research on the
number of steps and health seldom considers job types that
accrue a high number of steps at work, instead of focusing on
white-collar workers in high-income countries—considering
leisure time or total time in isolation from time at work. Our
stratification on job type illustrates why this approach may
be flawed.

We observed a beneficial association between number
of steps at work and systolic blood pressure among blue-
collar workers, but no clear beneficial association at work
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FIGURE 2 Fitted values from adjusted models representing the association between: Daily steps (A), steps at work (B), steps at leisure (C),

and systolic blood pressure. Adjusted models included smoking status, BMI, sex, and age. Analysis was conducted on the data from 694 workers,

of which 560 blue-collar workers and 134 white-collar workers. The dashed line indicates the direction of association. The color gradient indicates

the density of data points, where light gray is the least dense and black is the densest

for white-collar workers. A simple explanation for this new
finding may be that blue-collar workers accrued a suffi-
cient number of steps at work to have a beneficial effect
on blood pressure, whereas white-collar workers did not.
In the current dataset, blue-collar workers took practically
twice the number of steps at work than white-collar work-
ers. This finding was possible only through the inclusion
of domain and job type information and, thus, serves to
highlight the importance of this information. For example,
if our analysis did not include domain or job type infor-
mation, we would likely conclude that the total number of
daily steps is important for blood pressure, without provid-
ing any recognition as to where these steps occur for a large
proportion of working-age adults.

Our study contains particular strengths and limitations
that warrant consideration. A main strength of our study is
the valid measure of number of steps under free-living con-
ditions and the information on domain allowing domain-
specific analyses. It was also conducted in large a sample
(n = 694) with a large range in the number of steps and work-
ers employed in different job types. A primary limitation is
the cross-sectional design limiting the ability to determine
causality. We hope to have mitigated this limitation some-
what by using systolic blood pressure as a health outcome,
since it is less likely to be affected by the bidirectional na-
ture of the association between the number of steps and many
other health outcomes. In addition, we did not include the in-
formation of non-working days, which does not facilitate the
investigation of activities on these days and their influence.
A further limitation of the current analysis is the omission
of cadence to quantify intensity in addition to the number of
steps taken. However, findings of recent research emphasizes
that the number of steps taken is more strongly associated
with health and not the intensity.”' Nevertheless, further
research should be conducted to explore the association be-
tween stepping cadence and health, as the evidence is still
lacking.6

Finally, it must also be highlighted, however, that due to
the relatively low sample size of white-collar workers in-
cluded in the analyses (n = 134) there is the possibility of a
low statistical power, which may explain the lack of any clear
association. Further, because the general health of white-
collar workers was better than that of blue-collar workers,20
caution should be taken extrapolating our findings among
blue-collar workers to white-collar workers, as the extent of
the effect of increasing the dose of steps may not be the same.

In summary, our results indicate that the number of
steps at work is beneficially associated with systolic blood

pressure, particularly among those involved in blue-collar
work. This association was observed among a sample of
blue-collar workers, pertaining to three different industry
groups, and with a broad range of physical work demands.”’
Although further research is obviously required to confirm
our findings, the current results highlight the importance of
information on domain and job type, and support the poten-
tial of work (re)design to promote walking and improve blood
pressure.

5 | PERSPECTIVES

The implication of the current findings, if causality can be
proven, is that the number of steps at work is extremely im-
portant for health—as there is good evidence documenting
the health benefits of blood pressure reduction.*” These find-
ings could influence the organization of work to include more
steps, particularly for white-collar workers being sedentary
both at work and at leisure. However, more research is re-
quired to determine the dose needed for a beneficial effect on
blood pressure among this group. In the case of blue-collar
workers, stepping could be incorporated to counter the effect
of work activities considered to elevate 24-h blood pressure
(eg, heavy lifting).33 Essentially, we suspect that the effect of
number of steps may differ between white-collar and blue-
collar job groups. Therefore, further research should explore
the association between steps and blood pressure among
white-collar and blue-collar workers. The findings of such
research could allow activity at work could be reframed as
health promoting34; however, further observational and in-
terventional research is required on precisely how this can
be achieved.
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Stepping category
Yes (n="177)

Total

At work

At leisure
No (n = 482)

Total

At work

At leisure

Stepping category
Current smoker (n = 173)
Total
At work
At leisure
Non-smoker (n = 384)
Total
At work

At leisure

Type of
model

Adjusted
Adjusted
Adjusted

Adjusted
Adjusted
Adjusted

Type of
model

Adjusted
Adjusted
Adjusted

Adjusted
Adjusted
Adjusted

-1.5
-0.4
=27

-0.4
=1l
0.6

-0.9
—14
-0.6

-0.4
-0.9
0.7

95% CI

-3.1
24
-58

-1.0
=17
-0.3

95% CI

-1.8
-2.4
-22

—1L{0)
=il,7
-0.4
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0.08
1.6
0.4

0.1
-0.5
1.5

0.03
-0.3
1.1

0.3
-0.2
1.8

p-value

0.06
0.70
0.09

0.10
<0.05
0.20

p-value

0.06
<0.05
0.5

0.2
<0.05
0.2

TABLE A1 The association between
number of steps and systolic blood pressure
among blue-collar stratified by the use of
antihypertensive medication (Yes or No)

TABLE A2 The association between
number of steps and systolic blood pressure
among blue-collar stratified by smoking
status (Current smoker or non-smoker)
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