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ORIGINAL ARTICLE

Effect of a single session of aerobic walking exercise
on arterial pressure in community-living elderly
individuals

Leandra G Lima1, Júlio C Moriguti2, Eduardo Ferriolli2, Nereida KC Lima2

Several studies have demonstrated that one exercise session (ES) on a cycloergometer or ergometric treadmill causes a

reduction in blood pressure (BP). However, there are few similar studies on walking, which is the exercise modality most

available to the elderly. We investigated the immediate and 24-h effects of walking on BP in independent, community-living

elderly individuals. Volunteers participated in a single ES and resting control session (CS). Before and after each session, BP

was measured by auscultatory and oscillometric methods. After each session, 24-h ambulatory blood pressure monitoring was

conducted. An accelerometer was installed 48 h before the sessions and left in place for 5 days. The mean volunteer age was

67.7±3.5 years; 11 were hypertensive patients under treatment, and 12 were normotensive. In the total sample, there were

immediate 14mm Hg and 12 mm Hg reductions in systolic BP (SBP) after the ES according to the auscultatory and oscillometric

methods, respectively. Diastolic BP (DBP) was reduced by 4 mm Hg after the ES according to both methods. SBP during

wakefulness and sleep and DBP during wakefulness were lower after the ES than after the CS (Po0.01), when wakefulness and

sleep were determined individually (variable-time pattern) using data from the activity monitors and provided by the volunteers.

The variable-time pattern was more effective in detecting reductions in BP than the fixed-time pattern.

Hypertension Research (2012) 35, 457–462; doi:10.1038/hr.2011.227; published online 9 February 2012
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INTRODUCTION

The aging process is associated with many important physiological
changes, of which increased blood pressure (BP) is one of the most
well known. In addition to regular physical exercise, a single session of
acute exercise has also been observed to reduce BP during the recovery
period.

Hypotensive responses have been observed in hypertensive ani-
mals1,2 and normotensive (NT) and hypertensive humans.3–6 The
magnitude of the hypotensive response to aerobic exercise varies
between NT and hypertensive subjects and young and elderly subjects.
In a study conducted in NT and hypertensive elderly persons,6 reduced
BP was observed only in hypertensive subjects after executing a single
exercise session (ES) on a cycloergometer. In another study including
only NT women,7 a marked reduction in BP was observed after acute
dynamic exercise in middle-aged and elderly women but not in young
women. Other studies8,9 have shown greater BP reductions in persons
aged 41–60 years compared with older and younger individuals.

Ambulatory arterial blood pressure monitoring (ABPM) has been
extensively used to obtain more detailed information about BP

oscillations because it permits measurement during routine activities
and sleep. Strict definitions of sleep and wakefulness periods have been
used for many years to evaluate the measurements obtained by ABPM.
However, these definitions may not correspond with real sleep
patterns and may therefore lead to interpretation errors.10 For this
reason, accelerometry-based actigraphs are used as an auxiliary tool
for investigating variations in sleep patterns, behavioral effects and
treatment interventions.11

Although the literature shows reduced BP after both acute and
regular physical exercise, to the best of our knowledge this has not
been investigated using walking on a track with older individuals.
Because the main form of exercise available for the elderly is walking,
this study aimed to evaluate the hemodynamic responses of older
volunteers after a single walking session of moderate intensity and
duration, and the effect of the ES on the intensity of their usual
activities. Our hypotheses were that this type of exercise would be
effective for reducing BP and that the use of an accelerometry-based
actigraph would improve the quality of data obtained during wakeful-
ness and sleep periods.
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METHODS
One hundred elderly volunteers (60 years of age and older) were randomly

selected (one for every 20 names) from approximately 2000 individuals born

between 1929 and 1944 registered in the Family Health Centers linked to the

School of Medicine of Ribeirão Preto. We aimed for a sample size of 52

volunteers (power of 80%, considering a s.d. of 9 mm Hg and a difference of

5 mm Hg between resting and exercise states). From the 100 volunteers initially

selected, 53 were excluded according to the following criteria: positive treadmill

test for ischemia (5); use of beta-blockers (17); consumption of more than

seven alcoholic beverages per week or smoking (15); hemoglobin values below

12 g ml�1, presence of arrhythmias; previous diagnosis of cerebrovascular, renal,

pulmonary and musculoskeletal diseases or diabetes (16); hypothyroidism or

hyperthyroidism; individuals with more than a 10 mm Hg difference between

the mean BP obtained from the two upper limbs; and individuals unable to

keep a diary of activities (illiterate subjects with no family support). During the

study, 18 volunteers withdrew consent and 6 volunteers were excluded because

they had systolic BP (SBP) X160 and/or diastolic BP (DBP) X100 mm Hg

during two different assessments, demonstrating greater risk in performing the

ESs. Therefore, 23 volunteers completed the study.

The study was approved by the Research Ethics Committee of the Teaching

Health Center at the School of Medicine of Ribeirão Preto (0169/CEP/CES-

FMRP-USP), and all volunteers provided written informed consent prior to

participation.

BP was measured six times on each arm: three times using the auscultatory

method (mercury sphygmomanometer, MISSOURI, Embu, Brazil) and three

times using the oscillometric method (OMRON, Shanghai, China, HME-431)

at 5-min intervals. On the second consecutive day, BP was measured again in

the same manner on only the right arm. The volunteers were considered to be

hypertensive when the mean BP value obtained by the auscultatory method was

140�90 mm Hg or higher12 or if they were already taking antihypertensive

medication.

The maximum aerobic capacity was assessed by applying a maximum

treadmill test (Inbrasport Master I, IBRAMED, Sao Paulo, Brazil) using the

Bruce protocol, with a velocity between 1.7 and 5 km h�1. The test was

interrupted by the observer when the volunteer achieved maximum perfor-

mance, reaching the maximum predicted heart rate (HR),13 or when the

observer felt it was necessary to discontinue the test due to electrocardiographic

changes or other abnormalities. Those who did not reach the maximum HR

were excluded from the protocol.

Volunteers were classified as active or sedentary based on the maximum

oxygen consumption obtained by the American College of Sports Medicine

formula13 and adapted conditioning tables14 (VO2 max¼{[(maximum

speed�16.66)�0.1]+3.5}+{[(maximum slope/100)�(maximum speed�16.66)]

�1.8}).

After the subjects were classified in terms of physical conditioning, their

working HR was determined by the following formula: HRT¼(maximum HR–

resting HR)�__% + resting HR.12 Maximum HR was established by the

maximum ergometric test, and resting HR was measured before the test. Two

percentages were used for the lower and upper limits of the training range: 50%

and 70% for the sedentary volunteers and 60% and 80% for conditioned

volunteers, respectively.12 We opted for different percentages for sedentary and

active volunteers to avoid under- and overestimating physical ability according

to the guidelines for prescribing aerobic exercise.12 Subjects were asked not to

participate in other exercise programs, to maintain regular use of their

medications and to continue their daily routine during the study.

The actigraph (Actiwatch Mini Mitter Company, Sunriver, OR, USA) was

installed 1 week after the treadmill test. The monitor was placed on the non-

dominant wrist, and activity (counts) was continuously recorded at 1-min

intervals during wakefulness and sleep.

After the evaluations described above, the volunteers were assigned to begin

the exercise or resting protocols according to randomization using the SAS

system, version 9 (SAS Institute, Cary, NC, USA).

The sessions were held at 1-week intervals, and both sessions were

performed from 0700 to 0900 hrs. Volunteers were instructed to take their

regular medications and eat a light breakfast (the amount subjects were

previously accustomed to) at 0600 hrs. Initially, BP was measured every 5

min for a period of 20 min in the seated position, with the auscultatory device

installed on the right arm and the oscillometric device on the left arm. The two

devices were insufflated simultaneously to measure pulse rate (PR) (Polar S610,

POLAR, Warwick, UK). PR was used to estimate HR.

The ES was performed by walking on a track, and the session began with a 5-

min warm-up during which volunteers were asked to walk at their usual speed.

After the warm-up, the walking speed was increased to ensure that each subject

maintained his or her individually prescribed HR for 30 min. PR and the

perception of physical effort (Borg Scale)15 were recorded every 10 min.

Slowdown (5 min) was then initiated, during which volunteers were instructed

to reduce their walking intensity. After stopping, volunteers were asked to rest

for 40 min in a seated position.

At the end of the sessions, the devices for BP measurement were re-installed,

and BP and PR were measured every 5 min for an additional 60 min, resulting

in 12 total measurements. All BP measurements were performed by the same

trained investigator. After the measurements, at about 0930 hrs, the ABPM

monitor (Spacelabs 90207, Spacelabs Healthcare, Issaquah, WA, USA) was

installed on the non-dominant arm and left in place for a continuous 24-h

period. The 24-h period was divided into probable wakefulness and sleep

periods. Wakefulness was predetermined as the period from 0700 to 2300 hrs,

and sleep was defined as the period from 2300 to 0700 hrs, with the device

programmed for measurements at 15-min intervals during wakefulness and 20-

min intervals during sleep. This standard criterion for determining wakefulness

and sleep was called the ‘fixed-time pattern’ in the present study. Wakefulness

and sleep were also determined individually for the data analysis based on

information reported by the patients (times when they went to bed and when

they awoke) together with the times calculated by the activity-monitoring

software. This evaluation method was called the ‘variable-time pattern’ in the

present study.

Statistical analysis
Data were reported as mean±s.d., and BP (auscultatory and oscillometric)

and ABPM were statistically analyzed using the linear fixed-effects model,

including interactions between periods (pre- and post-sessions) for BP and

between activities (exercise and rest) for BP and ABPM. This model was

adjusted for gender, randomization and physical conditioning levels. A two-

tailed Student’s t-test was used to compare the spontaneous activity mea-

sured by the activity monitor. Differences were considered statistically

significant when Po0.05. The SAS system (version 9; SAS Institute) was

used for all statistical calculations.

RESULTS

Twelve of the elderly volunteers were classified as NT and 11 as
hypertensive (HT). Sixteen individuals were women. The anthropo-
metric and cardiovascular characteristics of the total sample (TS) and
both groups are presented in Table 1. Nine HT patients were regularly
taking diuretics, calcium channel blockers (dihydropyridine) or angio-
tensin enzyme inhibitors. All volunteers reached the maximum HR
during the treadmill test. The mean maximum HR reached in the test
was 153±11 beats per min, and the peak oxygen consumption was
27.5±8 ml kg�1 min. The maximum energy expenditure was 7.8 MET.
Based on the maximum VO2 values obtained, the HT group was
composed of four sedentary and seven active elderly volunteers, and
the NT group was composed of three sedentary and eight active
volunteers.

The mean total spontaneous activity recorded by the activity
monitor during the 2 days preceding the rest and ESs did not differ
between the pre-rest and pre-exercise periods, and no differences in
pressure levels or PR were observed during the pre-intervention period
for the exercise and rest sessions, suggesting that SBP, DBP and PR
values were similar before sessions in the TS and HT and NT groups
(P40.05).

All volunteers were able to complete the 40-min sessions. PR
significantly increased at the end of the ES compared with the end
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of the rest session (Po0.01) and pre-exercise period (Po0.01).
During the rest session, NT volunteers had lower PR values than
HT volunteers (Po0.05).

Compared with the pre-exercise values, SBP and DBP were reduced
by 14 mm Hg and 4 mm Hg, respectively, in the TS during the first
hour after exercise using the auscultatory method and 12 mm Hg and
4 mm Hg, respectively, using the oscillometric method (Po0.01). In
the HT group, 18 mm Hg and 17 mm Hg reductions were observed in
auscultatory and oscillometric SBP, respectively (Po0.01), and reduc-
tions of 4 mm Hg (P¼0.02) and 6 mm Hg (Po0.01) were observed in
auscultatory and oscillometric DBP, respectively. In the NT group,
10 mm Hg (Po0.01) and 8 mm Hg (Po0.01) reductions were
observed in auscultatory and oscillometric SBP, respectively, and
reductions of 3 mm Hg (P¼0.02) and 2 mm Hg (P¼0.06) were
observed in auscultatory and oscillometric DBP, respectively, as
illustrated in Figures 1 and 2.

BP was reduced for 24 h following acute exercise compared with rest
in the TS, with a 3 mm Hg reduction in SBP (95% CI (1.82; 3.27)) and
a 2 mm Hg reduction in DBP (1.53; 2.77) (Po0.01). Similar reduc-
tions were observed during wakefulness and sleep, as shown in Table 2.

In the HT group, BP reductions were also observed following acute
exercise compared with rest, with 3 mm Hg (Po0.01) reductions in
SBP and 4 mm Hg (Po0.01) reductions in DBP, whereas in the NT
group, 2 mm Hg (Po0.01) and 1 mm Hg (P¼0.02) reductions were
observed for SBP and DBP, respectively. Post-exercise BP was lower
during both wakefulness and sleep compared with post-rest (Po0.01),
except for DBP during sleep in the NT group, which remained
unchanged.

In the point-by-point (hourly means) ABPM BP analyses after the
ES, significant reductions in SBP compared with the rest session were
observed in the TS at 1, 2, 3, 10, 11, 12 and 18 h after device
placement. Significant reductions in DBP compared with the rest
session were observed at 2, 3, 7, 10, 12, 13, 18 and 20 h, as illustrated in
Figure 3. For the NT and HT groups, significant reductions in SBP
occurred at 2, 14 and 18 h and 3, 5, 6, 7, 10, 11, 12, 13, 14, 15 and 18 h
after device placement, respectively. Significant reductions in DBP
occurred at 6, 12 and 20 h and 2, 3, 7, 10, 12, 13, 14, 15 and 18 h in the
NT and HT groups, respectively.

In the present study, the variable-time pattern (activity monitor)
was more effective in detecting reductions in BP during sleep and

wakefulness after exercise than the fixed-time pattern, as shown in
Table 3.

When the pre-exercise period was compared with the post-exercise
period, no significant differences were detected for total activity

Table 1 Anthropometric and clinical characteristics of the elderly subjects as a whole and of the normotensive and hypertensive groups

Characteristics Total sample Normotensive group Hypertensive group P*

Age (years) 67.7±3.4 67.1±2.8 68.3±4.0 40.05

Gender (male/female) 7/16 5/7 2/9 40.05

AH-medication (yes/no) 9/14 0/12 9/2 o0.05

Weight (kg) 70.4 ±10.0 70.8 ±11.2 70.0±8.9 40.05

Height (m) 1.58±0.10 1.60±0.10 1.56±0.10 40.05

BMI (kg/m2) 28.1±4.0 27.8±4.0 28.3±4.0 40.05

SBP sitting (mmHg) RA, OSC. 122±20 116±14 125±25 40.05

SBP sitting (mmHg) RA, AUS. 123±21 118±11 129±23 40.05

DBP sitting (mm Hg) RA, OSC. 71±10 70±6 73±10 40.05

DBP sitting(mmHg) RA, AUS. 72±10 70±4 75±12 40.05

Resting HR 73±8 72±9 74±6 40.05

HTR, lower limit 119±8 119±8 118±7 40.05

HTR, upper limit 135±10 136±10 134±9 40.05

Abbreviations: AUS, auscultatory (mercury column); BMI, body mass index (weight/height2); DBP, diastolic blood pressure; HR, heart rate; HTR, training heart rate; OSC, oscillometric (OMRON);
RA, right arm; SBP, systolic blood pressure.
Data are reported as mean±s.d.
P*: Normotensive vs. Hypertensive group.

Figure 1 Systolic blood pressure (SBP) measured with the auscultatory

(AUS) and oscillometric (OSC) methods pre- (B) and post- (A) exercise and

rest sessions in hypertensive (HT) and normotensive (NT) volunteers. HT

Group: *Po0.01 vs. post-rest; Po0.01 vs. pre-exercise. NT Group:

*Po0.01 (AUS) and P¼0.02 (OSC) vs. post-rest; Po0.01 vs. pre-exercise.
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(activity monitor) in the TS (134 102 vs. 101 886 counts, P¼0.10) or
NT (123 475 vs. 86 652 counts, P¼0.06) or HT (145 695 vs. 118 504
counts, P¼0.65) groups.

DISCUSSION

Few studies have evaluated the effect of acute exercise on the elderly
population, and to the best of our knowledge there have been no
investigations of aerobic exercise performed on a track using walking
as the exercise modality, including evaluations of habitual physical
activity and BP in an acute exercise protocol. Previous studies have
been performed on treadmills or cycloergometers.

In the present study, less than half of the 100 elderly individuals
initially selected were included in the physical activity protocol
because the selection criteria were rigorous. We excluded volunteers
with diseases or factors commonly occurring in the elderly population,
such as diabetes (for example, in Brazil, the prevalence of diabetes is
high, with 17.3% of persons aged 60–69 years being affected),16

smoking (the prevalence of tobacco use among the elderly is 18.8%
for both genders)17 and the use of beta-blockers. We understand that
these criteria do not prevent the execution of acute exercise, but it
would be difficult to evaluate hemodynamic effects in such varying
subgroups. In addition, 16% of the elderly subjects did not agree to
participate in the study.

In this study, post-exercise SBP was significantly reduced during the
first 60 min compared with pre-exercise and post-rest values. The
same results were observed18 in volunteers trained on a cycloerg-
ometer at 70% of peak VO2; SBP was lower during the first hour after
exercise than pre-exercise.

DBP was less responsive than SBP, although it was also signifi-
cantly reduced. Several investigators have also detected greater
reductions in SBP19,20,21 than in DBP. When the TS was subdivided
into NT and HT groups, greater reductions in BP during the first
hour post-exercise were observed in the HT group than in the NT

Table 2 Comparison of the differences in blood pressure between the

exercise and rest sessions during sleep and wakefulness

Period Variable Session Session Diff. 95% CI 95% CIS P-value

Sleep Systolic Rest Exercise 2.51 1.09 3.94 o0.01

Diastolic Rest Exercise 2.17 0.95 3.38 o0.01

Wakefulness Systolic Rest Exercise 2.93 2.16 3.70 o0.01

Diastolic Rest Exercise 2.27 1.62 2.93 o0.01

Abbreviations: CI, confidence interval inferior, CIS, confidence interval superior.

Figure 2 Diastolic blood pressure (DBP) measured with the auscultatory

(AUS) and oscillometric (OSC) methods pre- (B) and post- (A) exercise and

rest sessions in hypertensive (HT) and normotensive (NT) volunteers. HT

Group: *Po0.01 vs. post-rest; *P¼0.02 (AUS) and Po0.01 (OSC) vs. pre-

exercise. (NT Group): *P¼0.02 (AUS) vs. post-rest; P¼0.06 (AUS) vs. pre-

exercise.
Figure 3 Systolic blood pressure (SBP) and diastolic blood pressure (DBP)

over a 24-h period post-exercise and rest sessions (general Po0.01).

*Po0.05. A full color version of this figure is available at the Hypertension

Research journal online.
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group, although the reduction was still significant in the latter
group. Many investigators6,22–24 have observed post-exercise reduc-
tions in BP only in hypertensive persons, regardless of age. The
results reported by these investigators have suggested that acute
physical exercise does not promote BP reductions in NT individuals.
However, other studies have detected post-exercise BP reductions in
this subgroup.3,5,25,26 Consistent with the present study, other
investigators have reported that BP reductions are greater in
hypertensive than in NT persons.27,28

Regarding the effect of exercise duration and intensity on BP
reduction, the present results were similar to those reported in other
studies conducted with elderly individuals.4 Elderly individuals
submitted to 40 min of exercise at 50% of maximum VO2 (calcu-
lated in an indirect manner) presented significant reductions of
10 mm Hg and 6 mm Hg for women and 10 mm Hg and 5 mm Hg
for men in SBP and DBP, respectively. Brownley et al.29 observed
significant reductions in SBP for up to 5 h, after 20 min of exercise
on a cycloergometer at 60–70% of the predicted HR for age.
According to Hamer et al.,30 the ideal exercise duration and
intensity required to obtain lower BP and maintain NT conditions
have not been fully clarified.

In the present study, basal PR values did not differ between the pre-
exercise and pre-rest values. Post-exercise PR was elevated for the first
hour, in contrast to post-rest PR, which was significantly reduced in
the TS and NT and HT groups. Transitory tachycardia after a
prolonged ES has also been observed in other studies,6,31,32 which
have reported significantly increased PR and decreased BP in hyper-
tensive elderly persons during the post-exercise period. Other inves-
tigators observed the same simultaneous HR elevations and BP
reductions in young and adult subjects.23,25,27

Another relevant result of the present investigation was that SBP
was reduced for 24 h. This result differs from those reported by other
investigators32,33 who observed only short-term reductions in BP,
but it agrees with other authors6,22,34 who observed prolonged BP
reductions.

Both sleep and wakefulness data were analyzed in this study. This
variable-time pattern, using data from the activity monitors and data

provided by the volunteers regarding sleeping time, was more effective
in detecting reduced BP than a fixed-time pattern.

Peixoto-Filho et al.36 compared the results with the arbitrary (fixed)
pattern of patient-reported wakefulness and sleep times in regard to
mean wakefulness BP, sleep BP and wakefulness–sleep BP differences
in 50 subjects and found that the differences were clinically relevant in
as many as 30% of patients. Gosse et al.37 also showed that a
significant proportion of subjects classified as NT when assessed
during the daytime were classified as hypertensive when the values
were obtained during both wakefulness and sleep. However, there is
still no consensus as to how these variables interact with hypertension
classifications according to the Guidelines of the European Society of
Hypertension.3,5 We emphasize the importance of an activity diary as
a complementary method for subjectively determining sleep periods,
which is essential for documenting the events occurring during the
activity-recording period.

In this study, no differences were detected in spontaneous physical
activity pre- and post-ESs. Reductions in spontaneous activity due to
asthenia have been reported to occur after acute ESs, especially after
the resistance to activity in untrained volunteers, which may indicate
the need for caution when prescribing this type of activity to elderly
subjects.38,39

In conclusion, a single session of aerobic exercise with walking was
effective for immediate and late BP reductions in elderly volunteers.
The use of activity monitors to determine the actual periods of sleep
was more effective for detecting reductions in BP during sleep than the
fixed-time method. A single ES did not interfere with the habitual
spontaneous activity of volunteers.
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Table 3 Comparison of mean blood pressure between the exercise and rest sessions in each method

Variable Method Comparison Mean±s.d. 95% CI P-value

Systolic wakefulness Variable pattern Rest 123±11 (1.14; 4.78)

Exercise 120±11 Po0.01

Fixed pattern Rest 123±11 (�0.12; 3.51)

Exercise 121±10 P40.05

Diastolic wakefulness Variable pattern Rest 73±7 (0.62; 4.16)

Exercise 70±7 P¼0.01

Fixed pattern Rest 72±7 (�1.16; 2.38)

Exercise 72±7 P40.05

Systolic sleep Variable pattern Rest 117±15 (0.90; 5.97)

Exercise 114±13 P¼0.01

Fixed pattern Rest 118±15 (�0.45; 4.62)

Exercise 116±13 P40.05

Diastolic sleep Variable pattern Rest 65±20 (�0.49; 3.97)

Exercise 63±10 P40.05

Fixed pattern Rest 66±10 (�2.15; 2.32)

Exercise 66±10 P40.05

Abbreviation: CI, confidence interval.
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