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ABSTRACT

ZEIGLER, Z. S., S. L. MULLANE, N. C. CRESPO, M. P. BUMAN, and G. A. GAESSER. Effects of Standing and Light-Intensity
Activity on Ambulatory Blood Pressure. Med. Sci. Sports Exerc., Vol. 48, No. 2, pp. 175-181, 2016. Purpose: This study aimed to
compare ambulatory blood pressure (ABP) response to accumulated standing (STAND), cycling (CYCLE), and walking (WALK) to a
sitting-only (SIT) day in adults. Methods: Nine overweight or obese (body mass index, 28.7 + 2.7 kg'm %) adults (30 £ 15 yr) participated in
this randomized crossover full-factorial study. Four conditions (WALK, STAND, CYCLE, and SIT) were randomly performed 1 wk apart.
WALK, STAND, and CYCLE conditions consisted of progressively increasing activity time to accumulate 2.5 h during an 8-h simulated
workday. WALK (1.0 mph) and STAND (0.0 mph) were completed on a treadmill placed underneath a standing-height desk. During
CYCLE, participants pedaled on a Monark cycle ergometer at a cadence and energy expenditure equivalent to WALK. Participants
remained seated during the SIT condition. Participants wore an ABP cuff from 0800 h until 2200 h on all conditions. Linear mixed models
were used to test condition differences in systolic (SBP) and diastolic (DBP) blood pressure. Chi-square was used to detect frequency
difference of BP load. Results: There was a whole-day (during and after work hours) SBP and DBP treatment effect (P < 0.01). Systolic
blood pressure during STAND (132 + 17 mm Hg), WALK (133 + 17 mm Hg), and CYCLE (130 + 16 mm Hg) were lower compared with
that during SIT (137 + 17 mm Hg) (all P < 0.01). CYCLE was lower than STAND (P = 0.04) and WALK (P < 0.01). For DBP, only
CYCLE (69 + 12 mm Hg) was lower than SIT (71 + 13 mm Hg; P < 0.01). Compared with SIT, WALK, STAND, and CYCLE reduced
SBP load by 4%, 4%, and 13%, respectively (all P < 0.01). Conclusions: Compared with sitting, accumulating 2.5 h of light-intensity
physical activity or standing during an 8-h workday may reduce ABP during and after work hours. Key Words: POSTEXERCISE
HYPOTENSION, FRACTIONIZED EXERCISE, LIGHT INTENSITY, BLOOD PRESSURE LOAD

edentary behavior, such as prolonged sitting with energy

expenditure <1.5 METs, is associated with increased

risk of chronic disease independent of overall physical
activity (PA) (14,23). As a result, leading health agencies in
Canada (4), Australia (2), and the United Kingdom (34) have
provided recommendations to reduce sedentary behavior in
addition to increasing PA. The workplace has been identified
as an opportune setting for health promotion (37), and desk-
bound employees are considered a key target group for sitting
reduction strategies (30). Recent evidence shows that active
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workstations, such as desks that allow for standing, walking,
or cycling, are not only feasible (6,18,32,33) but may help
reduce fatigue and musculoskeletal discomfort (31). However,
the potential health benefits of reducing sitting time are not
well understood.

Hypertension is a major independent risk factor for car-
diovascular disease, and even those with prehypertension
are at increased risk for cardiovascular morbidity and mor-
tality (16). Currently, the only recommended treatment for
prehypertension is to modify lifestyle, typically in the form
of a PA intervention (35). It is well documented that an acute
exercise bout of moderate-to-vigorous intensity can result
in postexercise hypotension (PEH) (1,3,26), with multiple
bouts leading to chronic favorable adaptations in those with
elevated blood pressure (BP) (27). Accumulation of PA
throughout the day has also been shown to reduce ambula-
tory BP (ABP) in individuals with hypertension and pre-
hypertension (25,26). Recently, we demonstrated that the
accumulation of very low-intensity walking (1.0 mph; approx-
imately 2 METs) decreased ABP and BP load that persisted
6 h after the last walking bout (39). However, it was not clear
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whether the BP-lowering effect of low-intensity walking was
due to walking per se or due to changing posture.

The purpose of this study was to compare ABP responses
to a single-day protocol of interrupting sitting behavior
via walking (WALK), standing (STAND), and slow cycling
(CYCLE) to a sitting-only (SIT) condition in overweight or
obese, sedentary adults. This factorial design allowed for
assessing the independent and interactive effects of increas-
ing energy expenditure and/or changing posture on BP. We
hypothesized that WALK, CYCLE, and STAND conditions
would result in lower BP response compared with the SIT
condition.

METHODS

Participants. Overweight (body mass index (BMI),
>25 kg'm ) or class I obese (BMI, 30 to <35 kg'm %) men
and women between the ages of 18 and 55 yr were recruited
via e-mail list serves and flyers posted throughout the uni-
versity community. Because this study examined both BP
and blood glucose responses during the four different con-
ditions, participants had to meet either prehypertension or
impaired fasting glucose criterion. In this report, we present
only the BP data. Prehypertension was defined as mean
systolic BP (SBP) of 120-139 mm Hg or mean diastolic
BP (DBP) of 80-89 mm Hg (7). Seven participants met
the prehypertension criterion. In addition, to be included in
the study, participants had to be considered insufficiently
physically active (<150 min'wk ' of moderate-intensity PA).
PA level was assessed by the International PA Question-
naire (28). Exclusion criteria included 1) known CAD, 2)
orthopedic limitations for performing PA, and 3) obesity to
the extent that the ambulatory monitor could not fit the
participant properly. All procedures were approved by the
Arizona State University institutional review board, and a
written informed consent was obtained from participants
before participation.

Blood pressure screening. Three BP measurements
were taken on two separate occasions 3 d apart with an auto-
mated Oscar 2 ABP System (SunTech Medical, Morrisville,
NC) according to the protocol described by the World Health
Organization (36). On the first day, BP was taken in both
arms. The arm with the highest BP was used for screening on
the second day. Six total measurements were averaged together
and used to determine whether participants met prehypertensive
BP criteria. If participants met the prehypertensive BP criteria
or the fasting blood glucose criteria (100-125 mg-dL "), height
and weight were measured.

Experimental design. Each participant completed a
seated workday (SIT), standing workday (STAND), cycling
workday (CYCLE), and walking workday (WALK) in a ran-
dom order, with each condition 7 d apart. Participants were
asked to refrain from exercise for 24 h before each condition,
and all conditions were performed in the same simulated of-
fice environment in our research laboratory. Participants were
given a standardized meal for dinner the night before coming

to the laboratory for each condition and were also given a
standardized breakfast, lunch, two snacks, and dinner on the
day of each condition. Foods included a selection of micro-
waveable meals with a choice of snacks (cookies, yogurt,
chips, and fruit). Snack and meal selections were variable
between participants but constant within participants for all
conditions and were recorded and repeated each week in order
to maintain consistency for each participant across study
conditions. Energy contents of the meals were approximately
400 £ 80 kcal for breakfast, 590 + 25 kcal for lunch, and 780 +
23 kcal for dinner. Lunch was delivered to the simulated office
to minimize outside activity by participants. For each condi-
tion, participants were asked to stay in the simulated office
from 0800 h to 1600 h and were asked to refrain from any
structured exercise for the rest of the day. Participants re-
ported to the laboratory the following morning to return
their ABP monitor.

The structure of the four treatment days and total time
spent in activity on treatment days were similar. The Zephyr
BioHamess™ (Annapolis, MD) was worn directly on the
skin over each participant’s sternum while participants were
at the laboratory and was used to measure HR during all
conditions (20). The Zephyr provides real-time HR monitor-
ing, which allowed the matching of HR between WALK and
CYCLE days via Bluetooth. The activPal™ (12) triaxial PA
monitor (PAL Technologies Ltd, Glasgow, Scotland) was
worn on the right thigh during each condition from 0800 to
2200 h to record time spent sitting, standing, and walking
both while in the laboratory and outside the laboratory. The
activPAL™ is a uniaxial accelerometer that produces a signal
related to thigh inclination. Posture is inferred from the po-
sition of the thigh and is classified as sitting/lying, standing,
or walking using proprietary software. The activPAL™ in-
terfaces with a Windows-compatible PC, and the software
package (activPAL™ Professional Research Edition) ana-
lyzes the activity record using proprietary algorithms.

To control for spontaneous changes in PA between con-
ditions, participants wore the GENEActiv (GA) (Kimbolton,
United Kingdom) accelerometer continuously throughout the
study period, including all visits. Each participant wore the
GA triaxial accelerometer on his/her nondominant wrist for
5 wk. Activity counts were accumulated over 60-s epochs
during the measurement period. Data were collected in units
of acceleration. Only data with at least 600 min'd ™" of wear
time were included in analyses. Nonwear time was 60 min or
more in which the device did not pick up any activity. Time
spent in sedentary, light-, and moderate-to-vigorous PA was
then calculated from published cut points (9).

During the SIT day, participants were asked to remain
seated at a desk for the whole day. Participants were free to use
the restroom when needed, but no other PA was permitted.
During the STAND day, participants were asked to stand for a
predetermined time each hour. Participants switched between
sitting and standing on a treadmill that was placed underneath
the TrekDesk Treadmill Desk (trekdesk.com). To be able to
compare the results with those from our previous work (39)
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and others (31), participants were asked to stand at progres-
sively longer intervals throughout the day, as follows: 10 min
at 0850 and 0950 h, 15 min at 1045 and 1145 h, 20 min at
1240 and 1320 h, and 30 min at 1400 and 1530 h, for a total
of 2.5 h of standing over the 8-h day. During the WALK day,
participants walked at 1.0 mph, 0% grade, on a commercially
available treadmill (Weslo Cadence G 5.9, Logan UT) that
was placed under the TrekDesk. Time spent walking was
matched to standing time on the STAND day. During the
CYCLE day, participants were asked to cycle on a Monark
ergometer (894e) placed under the TrekDesk at similar time
intervals and at a work rate (approximately 20 W) and cadence
that matched the intensity and step rate of the WALK day.
Time and intensity of activity were verified by one of the in-
vestigators via direct observation through a one-way mirror
located in an adjacent office and by the PA monitors. The
standing height workstation was placed adjacent to a sitting
desk workstation, allowing participants to easily move between
the two. Participants were asked to perform their normal daily
computer-based work activities either while standing, walking,
cycling or being seated at the specified times.

ABP monitoring. The Oscar 2 ABP System has been
validated in accordance to the standards of the British Hy-
pertension Society (11). The intraclass correlation coefficient
for 24-h ABP monitoring is estimated at 0.95 for SBP and
0.90 for DBP (21). The nondominant arm was used for ABP
monitoring in all participants. The Oscar 2 was programmed
to take measurements every 15 min throughout the day
(0900-2200 h). Participants were free to remove the ABP
monitor at 2200 h. One repeat measurement was taken if the
first measurement was unsuccessful. During each trial, par-
ticipants were instructed to abstain from exercise (outside of
what was prescribed), not shower while wearing the monitor,
and stop moving and straighten out their arm with the BP cuff
during the measurement.

Statistical analysis. Allstatistical analyses were performed
using SPSS software version 21 (SPSS 21.0; IBM Corpora-
tion, Armonk, NY). Sample size calculations to achieve sta-
tistical power were based on data from previous research
published on PA and 24-h ABP reduction (3). The estimated
sample size was 10 participants in order to detect a difference
of 4 mm Hg in SBP over 24 h between SIT and the other
groups (o = 0.05, B = 0.80). Data were expressed as means +
SD unless otherwise specified. Data were analyzed for nor-
mality, and values with skewed or kurtotic distributions were

transformed to achieve normality. Descriptive statistics were
used for the demographics of the participants. All P values
were calculated assuming two-tailed hypothesis, and P < 0.05
was considered statistically significant. Statistical analysis
included ABP data collected from 0800-1900 h of the same
day. The hours from 1900-2200 h were not analyzed because
there were too many missing readings for all participants and
trials due to varying bedtimes among participants. Periods of
work hours (0800—1600 h) and postwork hours (1600—-1900 h)
were analyzed separately. Linear mixed models were used to
detect differences in SBP and DBP by treatment condition
over the entire measurement period (with the SIT condition
treated as the control condition). The analysis was conducted
in a hierarchical fashion using the restricted maximum likeli-
hood model and “autoregressive heterogeneous 1” covariance
error structure. Treatment condition, baseline BP, time, age,
gender, and BMI were used as fixed effects, and time was also
used as a random effect to account for both interindividual
and diurnal variations in ABP. One-way ANOVA was used to
test for baseline BP differences. We also used ABP measure-
ments for calculation of BP load (percentage of BP readings,
>140/90 mm Hg while awake), which was analyzed with
dependent-samples chi-square tests. Pairwise comparisons in
frequency differences were made using the z-test, and least
significant difference correction was applied in the statistical
software to appropriately adjust for the P value. Linear mixed
models were also used to compare HR differences over the
course of the workday between conditions. Free-living com-
parisons were made for postural allocation (i.e., activPAL™)
and PA (i.e., GENEActiv) to test for condition differences
in spontaneous behavioral changes outside of the laboratory
sessions. Postural behavior (activPAL™) during work hours
and after work hours was analyzed with ANOVA and com-
pared minutes spent sitting, standing, and walking. ANOVA
was also used to assess mean activity counts using the GA
between conditions.

RESULTS

Ten participants were enrolled in the study. One partici-
pant did not complete the study because of unrelated health
concerns. Consequently, nine participants (two men and
seven women) were used in the analysis, with mean + SD
age of 30 + 15 yr (range, 18-55 yr), BMI of 28.7 +
2.7 kg'm % (range, 25-33 kg'm ™~ 2), SBP of 129 + 16 mm Hg

TABLE 1. HR (bpm) measured continuously with the Bioharness and at the time of BP measurement with the Oscar 2 during SIT, STAND, WALK, and CYCLE for the periods of work hours

(0800-1600 h), postwork hours (1600-1900 h), and all day (08001900 h).

SIT STAND WALK CYCLE P \Value

Work hours (0800-1600 h)

Bioharness (bpm) 74+ 6 74+ 6 80+6* 83 +6* <0.001**

Oscar 2 (bpm) 71+12 72 +12 77 +13* 78 +14* <0.001**
Postwork hours (16002000 h)

Oscar 2 (bpm) 75+10 77 +12 78 £12 7+ 11 0.168
All day (0800-2000 h)

Oscar 2 (bpm) 72+ 11 74 +12 78 +12* 78 +13* <0.001**

*Differs from SIT and STAND only, P < 0.05.
**P < 0.05, linear mixed models.

LIGHT-INTENSITY ACTIVITY AND BLOOD PRESSURE
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TABLE 2. Mean and median time in minutes (min) spent seated, standing, or walking derived from the activPAL™ for SIT, STAND, WALK, and CYCLE days during work hours (0800~

1600 h), postwork hours (1600-2200 h), and all day (0800-2000 h).

SIT STAND WALK CYCLE P \Value
Work hours
Seated (mean + SD) 420 + 54* 252 =99 269 = 27 342 + 77 0.001**
Median (range) 415 (337-490) 283 (230-346) 271 (215-301) 318 (274-487)
Standing (mean + SD) 33+27 174 + 36*** 26+ 11 40 + 47 <0.001**
Median (range) 18 (11-73) 162 (128-235) 23 (14-42) 23 (13-155)
Walking (mean + SD) 10+5 115 146 £ 18*** 68 + 55 <0.001**
Median (range) 9 (5-19) 9 (3-19) 153 (107-163) 59 (16-139)
Postwork hours
Seated (mean + SD) 220 + 86 243 + 65 226 + 41 224 + 67 0.928
Median (range) 174 (159-366) 227 (193-382) 218 (175-291) 242 (100-302)
Standing (mean + SD) 66 + 21 55+ 22 71+39 43 +17 0.232
Median (range) 63 (39-94) 46 (35-100) 63 (25-140) 43 (23-66)
Walking (mean + SD) 29+ 15 32 +23 53 + 27 37+21 0.275
Median (range) 22 (17-51) 23 (11-73) 54 (15-95) 42 (6-63)
All day
Seated (mean = SD) 666 + 74* 522 + 50 492 + 56 560 + 117 0.011**
Median (range) 650 (576-765) 513 (474-612) 488 (422-592) 546 (375-729)
Standing (mean + SD) 94 + 39 227 +38*** 96 + 44 70 + 22 <0.001**
Median (range) 85 (50-155) 208 (197-288) 92 (39-162) 69 (46-106)
Walking (mean = SD) 41 +£16 46 + 26 196 £ 19**** 144 £ 59**** <0.001**

Median (range) 36 (27-63) 37 (23-92)

198 (170-226) 164 (31-195)

*Differs from STAND and WALK only, P < 0.005.
**P < 0.05, ANOVA.

***Different from all other conditions, P < 0.05.
****Differs from SIT and STAND only, P < 0.005.

(range, 115-138 mm Hg), and DBP of 75 + 12 mm Hg
(range, 52-90 mm Hg). Seven of the nine subjects met the
prehypertension criterion.

PA. Table 1 illustrates that there were no significant dif-
ferences for HR between WALK and CYCLE conditions. HR
was examined both continuously using the Bioharness and at
the point of BP assessment with the Oscar 2. As expected, HR
during WALK and CYCLE conditions was higher than that
during SIT and STAND (P < 0.01).

Table 2 illustrates a significant difference in the time spent
sitting, standing, and walking between conditions during work
hours and across the full day, thus validating the experimental
design. During the work hours, participants spent significantly
higher amounts of time sitting during SIT (420 + 54 min;
range, 337-490 min) and CYCLE (342 + 77 min; range 274—
487 min) compared with during STAND (252 + 99 min;
range, 230-346 min) and WALK (269 + 27 min; range, 215—
301 min) (P < 0.05). As expected, significantly higher amounts
of walking were detected during the WALK condition (146 +

18 min; range, 107-163; P < 0.01), and significantly higher
amounts of standing were detected during the STAND con-
dition (174 £ 36 min; range, 128-235; P < 0.01). Our results
also indicated that the number of minutes spent seated, stand-
ing, or walking after work hours was not significantly dif-
ferent between conditions (P > 0.05).

Assessment of PA behavior between conditions was made
via the GA across the 5-wk period (including baseline).
There was no difference between conditions on time spent in
sedentary behavior (P = 0.65), light-intensity PA (P = 0.15),
moderate-intensity PA (P = 0.75), moderate- to vigorous-
intensity PA (P = 0.85), or vigorous PA (P = 0.60) through-
out the study.

ABP. There were no significant differences in baseline
SBP (P = 0.16) or DBP (P = 0.06) between the four condi-
tions. SBP was significantly lower during the STAND, WALK,
and CYCLE days compared with that during SIT over the
entire ABP observation period (0800—1900 h) and during the
work hours (0800-1600 h) (Table 2). Only STAND and

TABLE 3. Mean + SD SBP and DBP for SIT, STAND, WALK, and CYCLE days at baseline (first BP reading of the day), all day (0800-1900 h), during work hours (0800-1600 h), and

postwork hours (1600-1900 h).

SIT STAND WALK CYCLE P Value

SBP (mm Hg)

Baseline 124 + 15 133+ 14 129 + 12 125 + 17 0.160

All day, 0800-1900 h 137 +17 132 +17* 133 +17* 130 + 16** <0.001***

Work hours, 0800-1600 h 134 + 17 131 + 16* 131 + 16* 129 + 16** <0.001***

Postwork hours, 1600-1900 h 140 + 18 134 £ 20**** 135 +17 127 + 15** <0.001***
DBP (mm Hg)

Baseline 70 + 10 74 +10 69+9 68 + 10 0.061

All day, 0800-1900 h 71 +£13 72 +12 71 £13 69 +12** <0.001***

Work hours, 0800-1600 h 72 £12 74 +11* 73+ 11 VATER e <0.001***

Postwork hours, 1600-1900 h 72 +15 68 + 16* 69 + 68 65 + 14* 0.009***

*Differs from SIT only, P < 0.05.

**Different from all other conditions, P < 0.05.
***P<0.05, linear mixed models.

****Differs from STAND only, P < 0.05.
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FIGURE 1—A. Mean SBP over time between four conditions (SIT, STAND, WALK, and CYCLE) (P < 0.05; linear mixed models). B. Mean DBP over
time between four conditions (SIT, STAND, WALK, and CYCLE) (P < 0.05; linear mixed models).

CYCLE showed mean SBP and DBP reductions after work
hours (1600—1900 h). No condition provoked decreases in
DBP during work hours (0800—-1600 h). During the CYCLE
condition, both SBP and DBP were lower than during all
other conditions (Table 3; Fig. 1A and B).

SBP load (percentage of readings, >140 mm Hg) was
statistically different between conditions, with 40% of SIT,
36% of STAND and WALK, and 27% of CYCLE readings
over 140 mm Hg (P = 0.01). CYCLE was statistically lower
than all other conditions (P < 0.01) (Fig. 2). There was no
difference on DBP load (P = 0.09).

DISCUSSION

The main finding of this study is that, among overweight or
obese men and women, most of whom had prehypertension,
2.5 h of accumulated standing, walking at 1.0 mph, or cycling
at the same intensity as walking over the course of an 8-h
workday significantly decreased ambulatory SBP when com-
pared with a day spent primarily sitting. This BP-lowering
effect was observed during work hours and for at least 3 h after
participants left the simulated office in our laboratory, which
suggests a residual effect through the day. We recently dem-
onstrated that the accumulation of walking at 1 mph signifi-
cantly reduced ABP (39). The present results extend these
findings by showing that not only does very low-intensity
walking lower mean ABP, but changing posture alone (i.e.,
standing) and increasing energy expenditure alone (i.e., cy-
cling) elicit similar results.

Interestingly, our results also indicate that when matched
for exercise HR (and similar energy expenditure estimated
from walking speed and cycling work rate), cycling was
superior to walking for lowering ABP. To our knowledge,
this is the first study to show these results and is contrary
to our original hypothesis. The reasoning behind this is
not immediately apparent. Postexercise BP reduction is pri-
marily mediated by decreases in systemic vascular resis-
tance (13). Resistance vessels in the exercised skeletal

musculature remain dilated long after maximal exercise (17),
but the extent to which this pertains to accumulated light-
intensity PA in the current study is unknown. In addition,
total muscle mass activation is different in cycling and
walking (8), but the mass of the working muscle has been
reported to not influence the magnitude of PEH (22). Further
research is necessary to examine the mechanisms responsible
for these findings.

Fractionized exercise of moderate-to-vigorous intensity has
been shown to reduce BP for several hours after exercise, and
this effect has been reported to be greater than a single bout of
continuous exercise of equal intensity and total duration (1,3).
Our previous work (39) with walking at 1.0 mph (approxi-
mately 2 METs) demonstrated that the intensity threshold
includes the light-intensity domain. The current study moves
beyond accumulating PA to decreasing sedentary time (i.e.,
accumulated periods of standing) as a means of BP control.
Participants were asked to walk, stand, or cycle every hour
throughout their workday, completing eight periods of no
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FIGURE 2—Number of SBP readings within BP classification. Error
bars represent 95% confidence interval. *Different from SIT. #Differ-
ent from all other conditions (P < 0.01; chi-square, McNemar).
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sitting for between 10 and 30 min. The accumulation of
150 min of light-intensity PA or standing was sufficient to
lower systolic and diastolic ABP for at least 3 h after the last
session. In addition to reducing average ambulatory SBP, all
three conditions reduced SBP load when compared with the
SIT day. This may have clinical relevance, as BP load may be
a better predictor of cardiovascular abnormalities than mean
ABP (38).

A novel and unexpected finding was that the accumula-
tion of standing time reduced mean systolic ABP by as much
as light-intensity walking both during and for at least 3 h
after the workday. The mechanisms behind these findings
are challenging to describe, as we did not measure other
indices besides HR and BP. It is known that postural changes
affect BP regulation. Indeed, orthostatic changes typically
produce an immediate significant drop in BP with values
returning near to baseline within approximately 40 s (29).
Individual heterogeneity of the hemodynamic response to
postural changes is evident (24). These immediate changes to
the cardiovascular system are unlikely to explain the sus-
tained BP reduction witnessed in our study.

Reproducibility of ABP monitoring may be affected by
several factors such as posture (5) and PA (19). We found no
postural or PA differences after the workday between con-
ditions, suggesting that the BP changes we observed were
due to our intervention as opposed to outside factors. Our
participants wore the GA for 5 wk to ensure no changes in
PA behavior over the course of the study. Results indicate
that activity outside of what we prescribed did not change
over the study duration. Thus, the observed ABP outcomes
were not likely influenced by PA behaviors outside the
laboratory.

Our study has several strengths. First, the crossover de-
sign limited between-participant errors in interpreting the
ABP responses. Second, because of the great inter- and
intraparticipant variation in BP throughout the day, mea-
suring average ABP is considered the strongest method of
describing daily BP changes. In addition, using accelerom-
eters allowed for objective estimates of PA and postural
behavior instead of relying on self-report. The fact that ABP
remained lower during the 3 h of monitoring after the
workday ended, during which time the accelerometers indi-
cated similar postures, total activity counts, and time spent
in PA categories for the four conditions, suggests that PA
did not confound our observed BP-lowering effects of the
conditions. Third, food intake was controlled for, negating
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possible dietary effects on BP. Fourth, all four conditions were
performed in a simulated office in our laboratory, controlling
for possible effects of location on BP (10). Lastly, all in-
terventions were monitored via direct observation by one of
the researchers and verified by accelerometers.

Our study also has limitations. As this was an acute study,
we can only speculate as to the possible chronic effects of
this type of intervention. If a BP reduction of this magnitude
were to be realized at the population level, this could po-
tentially result in significant reductions of BP-related ill-
nesses. For example, BP reductions of 3—4 mm Hg (compared
with control) could contribute to reductions in mortality from
stroke, cardiovascular disease, and all causes by 4%—8% (35).
In addition, mean 24-h ABP may be superior to BP taken in
a physician’s office when predicting cardiovascular morbidity
and mortality (15). However, it remains to be established if
this type of intervention could lead to sustained reductions
in BP. In addition, our sample size was relatively small, and
therefore, larger studies and clinical trials should be con-
ducted to further explore the magnitude, dose—response, and
long-term significance of these findings. Our specific design
of accumulating 2.5 h of nonsitting time, with progressively
greater durations throughout the workday, may prove to be
more than necessary to reduce ABP. We selected this design
on the basis of our recent work (39). But because PEH has
been demonstrated after exercise bouts as short as 10 min (3),
the longer-duration walking and cycling periods in the after-
noon may not be necessary to reduce ABP during and after
the workday.

In conclusion, accumulation of 2.5 h of standing or
performing light-intensity (approximately 2 METs) walking
or cycling over the course of an 8-h workday significantly
reduced systolic ABP and BP load compared with a control
day spent primarily sitting. Our findings may have use in
worksite settings where equipping all offices with treadmills is
not feasible. In addition, the incorporation of light-intensity
cycling could be more appealing than moderate-to-vigorous
exercise. Reducing sitting time, even if replaced by only stand-
ing or light-intensity PA, may improve BP and reduce CHD
risk especially among sedentary desk-bound office workers.
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