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Abstract
The aim of the current study was to perform a systematic review and meta-analysis to evaluate the relationship between step
count and changes in blood pressure (BP). Studies involving healthy adults and an intervention in the form of brisk walking
with a pedometer were included. Net changes in BP and step count in each trial were calculated and pooled. In addition, the
pooled net changes of two categories (trials that achieved walking 10,000 steps a day and those that did not) were compared.
A meta-regression analysis was performed to examine the relationship between net changes in BP and step count. Fourteen
trials were analyzed. Pooled net changes in BP improved significantly (systolic BP, −3.1 mmHg; diastolic BP, −1.6 mm
Hg). When the trials were categorized depending on whether they achieved walking 10,000 steps a day, the pooled net
change in systolic BP and diastolic BP did not differ significantly between both groups of subjects. The meta-regression
analyses indicated that net change in systolic BP was significantly associated with an increased step count (e.g., systolic BP
is expected to decrease approximately 4 mmHg if increased step count by 2000 steps a day). However, net change in systolic
BP was not associated with the step count in an intervention group following the intervention. At present, there is
presumably no evidence that walking 10,000 steps a day lowers the BP to any marked degree. In order to reduce systolic BP
by walking with a pedometer, one should be mindful of increasing one’s step count.

Introduction

Hypertension causes arteriosclerosis and can lead to the
development of cerebrovascular or coronary artery disease
[1]. The effects of hypertension also place a burden on the
national budget. In Japan, national health care costs due to
hypertension amount to 1.8 trillion yen every year [2].
Hypertension accounts for approximately 40% of the costs

of cardiovascular disease; together with cerebrovascular
disease and coronary artery disease, the three diseases cost
4.4 trillion yen, which is approximately 2% of the national
budget [2]. Furthermore, if blood pressure (BP) rises a few
mmHg, it can greatly affect an individual’s prognosis [3,
4]. Conversely, preventing or alleviating hypertension
benefits health. For example, a meta-analysis of pharma-
cotherapy for hypertension recently estimated that a change
of −10 mmHg in systolic BP reduced the risk of devel-
oping cardiovascular disease by 20%, the risk of developing
coronary artery disease by 17%, the risk of suffering a
stroke by 27%, the risk of developing heart failure by 28%,
and overall mortality by 13% [5]. Therefore, lowering BP
should limit medical expenses and improve health.

The risk factors for hypertension depend heavily on
lifestyle [6–12]. As with pharmacotherapy, management of
hypertension with lifestyle modifications is linked to a
lower BP [13–20]. A lack of physical activity (PA) is a
major factor for development of hypertension. Meta-
analyses of randomized controlled trials have indicated
that regular aerobic exercise in all forms, such as walking,
bicycle, or jogging, had a positive effect on BP, with an
estimated change in systolic BP of approximately −3.5 mm
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Hg and an estimated change in diastolic BP of approxi-
mately −2.5 mmHg [16–20]. Walking is a form of aerobic
exercise that can be performed at moderate or vigorous
intensity (approximately 3 to 6 METs) [21] and is preferred
among sedentary adults who want to combat their lack of
PA [22]. A meta-analysis that was limited to randomized
controlled trials involving walking indicated that the change
in systolic BP was approximately −3.6 mmHg and the
change in diastolic BP was approximately −1.5 mmHg, but
most of the analyzed randomized controlled trials involved
supervised walking [20]. Recently, various guidelines have
often recommended walking 10,000 steps a day to promote
health [23]. A meta-analysis indicated that an intervention
to increase PA involving the use of a pedometer facilitated
an increased step count and an improved BP [24], providing
important evidence on the effectiveness of walking. How-
ever, that meta-analysis included few randomized controlled
trials that sought to lower BP [24]. In addition, the step
count needed to lower the BP and the effect of walking
10,000 steps a day on BP are unclear. Recent systematic
reviews and meta-analyses evaluated the association
between step count and clinical outcomes such as hemo-
globin A1c, body mass index, lipid profile, or BP, and they
reported that the step count increased significantly follow-
ing the intervention that involved walking, but the found no
significant improvement in all clinical outcomes [25, 26]. In
addition, the analyzed studies involved patients with type 2
diabetes [25, 26], and few randomized controlled trials
evaluated BP [26].

The aim of the current study was to perform a systematic
review and meta-analysis to evaluate the effects of an
intervention that involved walking with a pedometer on BP
and to evaluate the relationship between step count and
changes in BP.

Methods

This systematic review and meta-analysis was performed in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement
[27].

Data sources and study selection

Databases were searched by a Boolean search for literature
published until September 2017. MEDLINE, SPORTDis-
cus, the Cochrane library, and Google Scholar were sear-
ched using terms: hypertension, blood pressure, exercise,
exercise therapy, physical fitness, walking, and pedometer
(Supplementary Table 1). In addition, listed references of
original articles, review, and textbooks were also searched.
Studies that were included in the meta-analysis were those

that (1) involved healthy adults ≥ 18 years of age with no
cardiovascular or other diseases except for lifestyle-related
diseases such as hypertension, type 2 diabetes, dyslipide-
mia, obesity, and metabolic syndrome; (2) a PA group that
walked briskly with a pedometer (the intervention) without
performing any other exercise and that measured the daily
step count; (3) a non-intervention control group in which
the daily step count was only measured with a pedometer;
(4) both groups being instructed to continue their usual
routine; (5) neither group receiving any other intervention;
(6) subjects being randomly assigned to one of two groups
(i.e., a randomized controlled trial); and (7) recording of the
mean systolic BP and diastolic BP at the baseline and after
intervention plus the standard deviation (SD) in those
measurements and the mean step count (steps per day)
following the intervention.

The identified articles were first screened by title and
abstract, and full-text of the article was obtained if the study
included an intervention involving walking with a ped-
ometer. Once these articles were identified, two authors (YI
and NA) determined whether or not they should be included
in this meta-analysis. If the two authors disagreed, a third
author (SM) made a final decision as to whether or not to
include the study.

Data extraction and assessment of the risk of bias

The date and details of the intervention (mean systolic BP
or diastolic BP, mean step count, SD in those data, number
of subjects, detail on the intervention group and the control
group, and the duration of the intervention) were extracted
from the studies for the meta-analysis.

The risk of bias in each trial was assessed using the
Cochrane Risk of Bias tool, which consisted of six domains:
(1) random sequence generation, (2) allocation conceal-
ment, (3) blinding, (4) incomplete outcome data, (5)
selective reporting, and (6) other bias [28]. Each domain
was ranked in one of three categories: low risk, high risk, or
unclear.

Two authors (YI and NA) independently extracted and
checked the aforementioned data and assessed the risk of
bias using the Cochrane Risk of Bias tool.

Statistical analyses

The baseline BP and step count weighted by the sample size
were expressed as the mean ± SD and the differences
between the PA group and the control group were evaluated
using the Mann–Whitney test.

Net changes in the BP for each trial were calculated as
follows: (mean value at post-intervention in PA group –
mean value at baseline in PA group) – (mean value at post-
intervention in control group –mean value at baseline in

The required step count for a reduction in blood pressure: a systematic review and meta-analysis 815



control group). Crossover studies were calculated as fol-
lows: (mean value at post-intervention in PA group –mean
value at post-intervention in control group). Pooled net
changes were calculated by a random effects model and
were weighted by the inverse variance of differences from
baseline to post-intervention in each trial [29]. If the SD of
the differences in baseline and post-intervention was not
reported but each SD in baseline and post-intervention was
reported, we assumed that the correlation coefficient
between baseline and post-intervention was 0.50 and
imputed it as such [30]. In addition, net changes in the step
count were defined as the difference in the mean step count
per day for the PA group and the control group following
the intervention and pooled. Results of net changes were
expressed as 95% confidence intervals (95% CI). Cochran
Q statistics and I2 value were calculated to evaluate whether
or not the pooled net change showed heterogeneity among
trials. The level of heterogeneity was assessed using the I2

statistic: low risk (<25%), moderate risk (25 to 75%), and
high risk (>75%) [31].

A subgroup analysis was performed by limiting trials that
achieved walking 10,000 steps a day (i.e., a mean step
count ≥ 10,000 steps a day for the PA group following the
intervention) and those that did not. The net change in BP
was then pooled, and those changes of the two categories
were compared. In addition, a sensitivity analysis was used
to evaluate the influence of a risk of bias according to the
Cochrane Risk of Bias tool [28]. Trials falling into one or
more domains of a high risk of bias were excluded and the
net change in BP was then pooled.

A meta-regression analysis was performed using the
method of moments weighted by the sample size in order to
examine the relationship between net changes in BP and the
step count. Four explanatory variables on step count were
selected: (i) step count in the PA group, defined as the mean
step count per day in the PA group following the intervention;
(ii) increased step count, defined as the difference in the mean
step count per day for the PA group and the control group
following the intervention; (iii) cumulative step count in the
PA group following the intervention, defined as (i) × the
period of intervention (days); and (iv) cumulative increased
step count following the intervention, defined as (ii) × the
period of intervention (days). The regression coefficient (β)
and coefficient of determination (R2) were calculated for each
explanatory variable. In addition, when the relationship
between net changes in BP and age was examined, mean age
served as a secondary explanatory variable.

Publication bias was evaluated by assessing the sym-
metry of funnel plots produced by net changes in BP (x-
axis) and inverse standard errors (y-axis) using Egger’s
regression test [32, 33]. In addition, the number of missing
trials was estimated using the trim and fill method of Duval
and Tweedie [34]. If results suggested that trials were

missing, then pooled net changes in BP were adjusted in
light of the effect of those studies.

In all statistical tests, P < 0.05 was considered statisti-
cally significant. Comprehensive Meta-Analysis (Version
2.2; Biostat, Inc., Englewood, NJ) was used to perform the
meta-analysis and meta-regression analysis and to assess
publication bias. Other statistical tests were performed using
SPSS (Version 21.0; IBM Inc, Armonk, NY).

Results

Study selection

A literature search resulted in 66 full-text articles that
described studies involving intervention in the form of
walking regularly with a pedometer and indicated BP. Of
these 66 articles, 53 were excluded (Fig. 1). As a result, 14
trials described in 13 articles [35–47] were analyzed.

Study characteristics

Twelve trials [35–43, 45, 47] had a parallel design, and two
trials [44, 46] had a crossover design. Table 1 shows the
details for each article. The trials included a total of
746 subjects (PA group: n= 356; control group: n= 390).
The number of male and female subjects was not reported in
three trials [37, 38, 40], but the remaining trials included 251
males (38.0%) and 410 females (62.0%). The mean age
ranged 21 to 63 years of age (median: 50 years of age). The
duration of intervention ranged from 4 to 24 weeks (median:
8 weeks). Figure 2 shows overall results for a risk of bias.
Five trials [35, 36, 40, 46, 47] included one or more domains
with the high risk of bias (Supplementary Table 2).

The baseline mean systolic BP and diastolic BP did not
differ significantly between the PA group and the control
group. In addition, ten trials [35–39, 42, 43, 45, 47] reported
the baseline mean step count. The baseline mean step count
was 5547 ± 1540 steps per day (5731 ± 2385 steps per day
in the PA group and 5388 ± 2104 steps per day in the
control group), and the baseline mean step count did not
differ significantly between the two groups. Five trials [37,
39, 41, 43, 46] achieved a mean step count ≥ 10,000 steps a
day in the PA group following the intervention. Figures 3
and 4 show respective baseline systolic BP and diastolic BP
in each trial. Both the baseline systolic BP and diastolic BP
did not differ significantly between trials that achieved
walking 10,000 steps a day and those that did not.

Pooled net change

Figures 3 and 4 also show respective forest plots of the
net changes in systolic BP and diastolic BP in each trial.
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The pooled net changes indicated significant decreases in
systolic BP and diastolic BP. The pooled net change in
systolic BP and diastolic BP did not contain significant
heterogeneity.

In addition, these figures show pooled net changes in
systolic BP and diastolic BP in a subgroup analysis of
two categories: achieved walking 10,000 steps a day and
those that did not. In each category of trials, the pooled
net change in systolic BP decreased significantly and did
not contain significant heterogeneity. The pooled net
change in diastolic BP in trials that achieved walking
10,000 steps a day did not decrease significantly and did
not contain significant heterogeneity. In trials that did not
achieve walking 10,000 steps a day, the pooled net
change in diastolic BP did not decrease significantly but
it contained significant heterogeneity. The pooled net
changes in systolic BP and diastolic BP did not contain
significant heterogeneity between the two categories of
trials.

When five trials included one or more domains with a
high risk of bias were excluded, results of sensitivity
analysis revealed that, pooled net change in systolic BP
decreased significantly (−2.9 mm Hg; 95% CI, −5.3 to
−0.5) and that it did not contain significant heterogeneity
(I2= 0.7%). Results also revealed that pooled net change
in diastolic BP decreased significantly (−2.1 mm Hg; 95%
CI, −4.1 to −0.1) but that it contained significant het-
erogeneity (I2 = 54.2%).

Meta-regression analyses

Figures 5 and 6 show the relationship between net changes
in BP and step count according to a meta-regression ana-
lysis. The net change in systolic BP was significantly
associated with two explanatory variables: (ii) increased
step count (P < 0.01) and (iv) cumulative increased step
count (P < 0.01). When the regression coefficients were
used in calculations, the net change in systolic BP, for
example, was estimated to decrease approximately 2 mm
Hg if the step count increased by 1000 steps a day. Simi-
larly the net change in systolic BP was estimated to
decrease approximately 7 mmHg if the step count increased
by 1000 steps a day for 48 weeks. However, the net change
in systolic BP was not significantly associated with (i) step
count in the PA group or (iii) cumulative step count in the
PA group. The net change in diastolic BP was not sig-
nificantly associated with any explanatory variables.

In addition, the net change in systolic BP was not sig-
nificantly associated with mean age (β= 0.15, P= 0.11; R2

= 0.09), but the net change in diastolic BP was significantly
associated with mean age (β= 0.19, P < 0.001; R2= 0.41).

Publication bias

Based on Egger’s regression test, the intercept for systolic
BP was −1.04 (P= 0.13), the intercept for diastolic BP was
−0.64 (P= 0.56). Thus, the funnel plots were not

Records screened 
(N=433)

Records iden�fied through
database searching

(N=463)

Addi�onal records iden�fied
through other sources

(N=45)

Records a�er duplicates remove
(N=433)

Studies included in 
quan�ta�ve synthesis 

(N=13)

Full-text ar�cles assessed 
for eligibility 

(N=66)
13  Lacked data on the step count
12  No randomized controlled trials
21  Involved some other type of 

exercise or interven�on in the 
PA group or control group

1  Involved subjects who were
under the age of 18 or subjects
who were not healthy

6  Lacked data on BP 

Full-text ar�cles excluded (N=53)

Records excluded, with a reason: 
no measurement of BP  (N=368)

Id
en

�fi
ca
�o

n
Sc
re
en

in
g

El
ig
ib
ili
ty

In
cl
ud

ed

Fig. 1 PRISMA flow diagram
regarding article selection for the
meta-analysis

The required step count for a reduction in blood pressure: a systematic review and meta-analysis 817



significantly asymmetrical. Duval and Tweedie’s trim and
fill suggested that two trials were missing for the systolic
BP and that one trial was missing for the diastolic BP
(Supplementary Figs. 1 and 2). After adjusting for the
effects of those missing trials, the pooled net change in
systolic BP was estimated to be −2.8 mmHg (95% CI,
−4.8 to −0.7) and the pooled net change in diastolic BP
was −1.5 mmHg (95% CI, −3.0 to −0.1).

Discussion

The current study performed a meta-analysis to evaluate the
effects of walking with a pedometer on BP. A search of the
literature identified 14 trials (746 subjects). The pooled net
changes in BP were significant reductions (systolic BP,
−3.1 mmHg; diastolic BP, −1.6 mmHg) and did not con-
tain significant heterogeneity. In nine trials that did not
achieve a mean step count ≥ 10,000 steps a day for the PA
group following the intervention, the pooled net change in
diastolic BP contained significant heterogeneity. A sub-
group analysis indicated that the pooled net change in
systolic BP and diastolic BP did not differ significantly
between trials that achieved walking 10,000 steps a day and
trials that did not achieve walking 10,000 steps a day. When
trials were limited to those of low and unclear risk of bias,
systolic and diastolic BP decrease significantly but diastolic
BP contained significant heterogeneity. A meta-regression
analysis was performed assuming that differences in
reduced BP were due to walking a certain number of steps
per day. Results indicated that the net change in systolic BP
was associated with an increased step count and a cumu-
lative increased step count.

Epidemiological studies and meta-analyses have revealed
that walking daily or generally exercising by walkingTa

bl
e
1
C
ha
ra
ct
er
is
tic
s
of

in
cl
ud

ed
tr
ia
ls

S
tu
dy

na
m
e

n
W
om

en
(%

)
A
ge

(y
ea
rs
)

In
te
rv
en
tio

n
de
sc
ri
pt
io
n

D
ur
at
io
n
(w

ee
k)

M
or
ea
u
et

al
.
[3
5]
,
U
S
A

24
10
0

54
±
6

T
ar
ge
t
in
cr
ea
si
ng

st
ep

co
un
t
as

eq
ua
l
3-
km

in
da
ily

lif
es
ty
le

24

T
ud
or
-L
oc
ke

et
al
.
[3
6]
,
U
S
A

47
45

53
±
5

T
he

pr
og
ra
m

m
an
ua
l
co
nt
ai
ni
ng

go
al
-s
et
tin

g
an
d
pr
ob
le
m
-s
ol
vi
ng

ex
er
ci
se
,
an
d
ca
le
nd
ar
s
fo
r
se
lf
-m

on
ito

ri
ng

st
ep

pe
r
da
y;

w
ee
k
1–

4:
gr
ou
p
m
ee
tin

gs
on
ce

pe
r
w
ee
k;

w
ee
k
5–

16
:n

o
gr
ou
p
m
ee
tin

gs
,i
nd
iv
id
ua
lly

re
co
rd

pe
do
m
et
er

va
lu
es

da
ily

;W
ee
k
6

an
d
10
:
m
ai
le
d
m
ot
iv
at
io
na
l
po
st
ca
rd
s
th
an
ki
ng

pe
op
le

fo
r
tr
yi
ng

th
e
pr
og
ra
m

16

A
ra
iz
a
et

al
.
[3
7]
,
U
S
A

30
N
R

50
±
11

10
,0
00

st
ep
s
pe
r
da
y
on

5
or

m
or
e
da
ys

6

M
ur
ph
y
et

al
.
[3
8]
,
U
K

33
N
R

41
±
9

W
ee
k
1:

co
m
pl
et
ed

a
25

m
in

w
al
k
on

tw
o
da
ys
;
W
ee
k
2:

w
al
ke
d
fo
r
35

m
in

on
tw
o
da
ys
;
W
ee
k
3–
8:

co
m
pl
et
ed

tw
o
45

m
in

w
al
ks

pe
r
w
ee
k

8

B
ak
er

et
al
.
[3
9]
,
U
K

79
80

49
±
9

A
ph
ys
ic
al

ac
tiv

ity
co
ns
ul
ta
tio

n
an
d
in
cr
ea
si
ng

th
ei
r
m
ea
n
da
ily

st
ep

co
un
t
by

15
00

–
30
00

ac
cu
m
ul
at
ed

st
ep
s
ab
ov
e
th
ei
r

ba
se
lin

e
va
lu
e
on

3
to

5
da
ys

of
th
e
w
ee
k

12

B
el
l
et

al
.
[4
0]
,
C
an
ad
a

88
N
R

49
±
11

10
,0
00

st
ep

pe
r
da
y

24

U
ch
ik
aw

a
et

al
.
[4
1]
,
Ja
pa
n

37
51

53
±
13

10
,0
00

st
ep
s
pe
r
da
y

8

S
er
w
e
et

al
.
[4
2]
,
20
11
a,

U
S
A

40
10
0

37
±
8

O
ne

co
nt
in
uo
us

30
m
in

da
ily

at
60

–
70
%

he
ar
t
ra
te

re
se
rv
e
on

5
da
ys

pe
r
w
ee
k

8

S
er
w
e
et

al
.
[4
2]
,
20
11
b,

U
S

40
10
0

38
±
8

T
hr
ee

10
m
in

da
ily

at
60

–
70
%

he
ar
t
ra
te

re
se
rv
e
on

5
da
ys

pe
r
w
ee
k

8

T
ul
ly

et
al
.
[4
3]
,
U
K

12
83

21
±
6

10
,0
00

st
ep
s
pe
r
da
y

6

U
ch
ik
aw

a
et

al
.
[4
4]
,
Ja
pa
n

44
50

55
10
,0
00

st
ep
s
pe
r
da
y

8

S
ub
oc

et
al
.
[4
5]
,
U
S
A

77
31

63
±
7

In
cr
ea
si
ng

th
ei
r
ph
ys
ic
al

ac
tiv

ity
by

10
%

ea
ch

w
ee
k

12

O
ht
a
et

al
.
[4
6]
,
Ja
pa
n

65
60

60
±
9

10
,0
00

st
ep
s
pe
r
da
y
an
d
30

–
60

m
in

pe
r
da
y

4

P
hi
ng

et
al
.
[4
7]
,
M
al
ay
si
a

12
1

71
35

±
9

S
ta
nd
in
g
ba
nn
er
s
to

pr
om

ot
e
ph
ys
ic
al

ac
tiv

ity
16

n
nu

m
be
r
of

su
bj
ec
ts
,
N
R
no

re
po

rt
ed

0% 25% 50% 75% 100%

Other bias

Selec�ve repor�ng

Incomplete outcome data

Blinding

Alloca�on concealment

Random sequence genera�on

Low risk of bias Unclear risk of bias High risk of bias

014

3 11

4

2

14

12

9 1

11 3

Fig. 2 Overall results for risk of bias. Numbers of each bar show the
number of trials within each judgment for attribute in the Cochrane
Risk of Bias tool

818 Y. Igarashi et al.



lowers BP and reduces the risk of developing hypertension
[17, 19, 20, 48, 49]. A recent meta-analysis of randomized
controlled trials reported that the pooled net change in
systolic BP was −3.6 mmHg and that the pooled net
change in diastolic BP was −1.5 mmHg as a result of
walking [20], which is similar to the current findings.
However, most of the trials analyzed in previous meta-
analyses have involved supervised intervention [17, 19, 20].
Measuring the step count with a pedometer is often used to
ascertain the volume of walking or to set a goal for subjects,
and the intervention can be performed without supervision
[50]. A previous meta-analysis found that an intervention in
the form of walking enhanced with pedometer feedback
increased the step count and thus increased PA [24]. A
target step count can be, for example, 10,000 steps a day
[23, 37, 40, 41, 43–46]. Guidelines to promote health often
recommend walking 10,000 steps a day since this step count
is considered to be an ideal level of PA to remain healthy
[23]. The recent National Health and Nutrition Survey in
Japanese reported that the mean step count was 6670 steps
per day in 2015 [51], so Japanese are undoubtedly not

walking enough to stay healthy. In current study, five trials
[37, 39, 41, 43, 46] achieved a mean step count ≥
10,000 steps a day in the PA group following the inter-
vention. However, the change in systolic BP and diastolic
BP did not differ significantly between trials that achieved
walking 10,000 steps a day and those that did not. Thus,
doubts remain as to whether or not walking 10,000 steps a
day will lower systolic and diastolic BP. Furthermore, a
meta-regression analysis indicated that the change in sys-
tolic BP was not associated with the step count in the PA
group or the cumulative step count in the PA group. In
contrast, however, a meta-regression analysis indicated that
the change in systolic BP was associated with an increased
step count following intervention. If an inactive adult, for
example, increases his or her step count by 2000 steps a day
(roughly equivalent to 20 min a day of moderate-intensity
exercise [52]) in comparison to a sedentary lifestyle, the
adult’s systolic BP is estimated to decrease approximately 4
mmHg. If the individual walks keeping his or her step
count by plus 2000 steps a day for 48 weeks, the indivi-
dual’s systolic BP is estimated to decrease approximately

Source n Baseline Net change (95% CI)
Achieved walking 10000
steps a day  (N=5)
   Araiza et al, 37 2006 30 138.6 ± 16.0

   Baker et al, 39 2008 79 119.1 ± 13.7 0.4 ( 7.7 to 6.9)

   Uchikawa et al ,41 2010 37 131.9 ± 16.1 4.5 ( 9.4 to 0.4)

   Tully et al, 43 2011 12 123.9 ±  9.5

   Ohta et al, 46 2015 33 136.5 ± 11.4 1.6 ( 4.9 to 1.7)

   Pooled 191 129.2 ± 13.7 3.1 ( 5.9 to 0.2)
       Heterogeneity    Q=4.8, P=0.31; I2=16.9%

Not achieved  (N=9)
   Moreau et al, 35 2001 24 142.0 ±  9.1

   Tudor-Locke et al, 36 2004 47 134.2 ± 13.7 3.2 ( 9.3 to 2.9)

   Murphy et al, 38 2006 33 119.0 ± 10.2 6.6 ( 18.4 to 5.2)

   Bell et al, 40 2010 88 124.5 ± 12.3 4.0 ( 9.7 to 1.7)

   Serwe et al, 42 2011a 40 118.0 ± 10.1    0.6 ( 5.8 to 7.0)

   Serwe et al, 42 2011b 40 119.3 ± 10.1 4.3 ( 10.8 to 2.2)

   Uchikawa et al, 44 2012 85 133.5 ± 16.0    3.5 ( 5.1 to 12.1)

   Suboc et al, 42 2014 77 129.0 ± 12.6 3.0 ( 8.0 to 2.0)

   Phing et al, 47 2017 121 133.0 ± 14.4 3.2 ( 8.2 to 1.7)

   Pooled 555 128.8 ± 13.1 3.3 ( 5.6 to 1.0)
       Heterogeneity   Q=8.7, P=0.37; I2=8.5%

Between the two categories of trials       P=0.94
       Heterogeneity

All of the trials (N=14)

   Pooled 746 128.9 ± 13.2 3.1 ( 4.8 to 1.5)

  Q=18.6, P=0.21; I2=30.1%       Heterogeneity

Systolic BP (mmHg)

  Q=0.02, P=0.89; I2=0.0%

Fig. 3 Baseline systolic BP and forest plot for the net changes in systolic BP. Each trial is represented with black squares (net change) and widths
(95% CI); the size of the black squares is in proportion to the weighting by inverse variance in each trial. The pooled net changes are represented
by black rhombuses (net change) and widths (95% CI)
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13 mmHg. In order to lower BP by walking with a ped-
ometer, the ideal method may involve focusing on
increasing one’s step count per day rather than focusing on
an exact step count target (e.g., 10,000 steps a day). Inci-
dentally, when adults with impaired glucose tolerance
walked an additional 2000 steps (as mentioned earlier) and
modified their lifestyle for 48 weeks (12 months), they had
an 8% lower risk of developing cardiovascular disease 6
years later [53]. Taken together, the current findings indi-
cate that an increased step count should lead to a lower BP
and greatly help to subsequently decrease the incidence of
cardiovascular disease.

The current study had several limitations. First, in trials
that did not achieve walking 10,000 steps a day, the pooled
net change in diastolic BP contained significant hetero-
geneity and was deemed to represent a moderate risk of bias.
In addition, current study resulted that the net change in
diastolic BP was not significantly associated with step count.
The current study was unable to directly ascertain those
reasons. However, age bias might have influenced the
changes in diastolic BP since subjects in the analyzed trials

had a mean age of 21 to 63 years. The diastolic BP
decreased or remained the same with age according to the
Framingham Heart Study [54], while a cross-sectional study
reported that functional vasodilatation decreased with age
[55]. A recent meta-analysis reported that the net change in
the diastolic BP as a result of regular aerobic exercise was
related to age [56]. In the current study, a meta-regression
analysis similarly indicated that the net change in diastolic
BP was significantly associated with mean age. Therefore,
the heterogeneity noted might be the result of changes in
functional vasodilatation with age. Additional analysis of the
relationship between changes in diastolic BP and step count
should be performed in the future. A second limitation of the
current study is that while our meta-regression analysis
considered the step count following the intervention as an
explanatory variable, it could not consider the baseline step
count. This was because all of the trials indicated the mean
step count following the intervention, but four trials did not
indicate the baseline mean step count [40, 41, 44, 46]. In
addition, four trials did not statistically compare the step
count in the PA group and the control group at baseline

Source n Baseline Net change (95% CI)
Achieved walking 10000
steps a day  (N=5)
   Araiza et al, 37 2006 30 79.2 ±  8.9 −0.7 (−8.4 to 7.0)

   Baker et al, 39 2008 79 75.3 ± 10.4 −1.6 (−6.8 to 3.6)

   Uchikawa et al, 41 2010 37 80.5 ± 13.4 −3.1 (−5.6 to −0.6)

   Tully et al, 43 2011 12 71.4 ±  6.5 −6.9 (−16.8 to 2.9)

   Ohta et al, 46 2015 33 82.5 ±  8.1 −1.0 (−4.4 to 2.4)

   Pooled 191 78.6 ± 10.0 −−2.2 (−4.9 to 0.4)
       Heterogeneity    Q=2.0, P=0.73; I2=0.0%

Not achieved  (N=9)
   Moreau et al, 35 2001 24 84.8 ±  6.8 −4.0 (−8.7 to 0.7)

   Tudor-Locke et al, 36 2004 47 80.2 ±  8.4    0.4 (−3.6 to 4.4)

   Murphy et al, 38 2006 33 76.3 ±  7.5 −0.2 (−6.8 to 6.4)

   Bell et al, 40 2010 88 79.0 ±  9.1    1.0 (−2.7 to 4.7)

   Serwe et al, 42 2011a 40 73.1 ±  7.9 −5.4 (−9.7 to −1.1)

   Serwe et al, 42 2011b 40 73.0 ±  7.9 −6.3 (−10.8 to −1.8)

   Uchikawa et al, 44 2012 85 80.1 ± 10.7    1.5 (−4.3 to 7.3)

   Suboc et al, 45 2014 77 69.1 ±  8.4    2.0 (−0.8 to 4.8)

   Phing et al, 47 2017 121 81.5 ±  9.6 −2.4 (−5.6 to 0.7)

   Pooled 555 77.7 ±  9.0 −1.4 (−3.2 to 0.5)
       Heterogeneity   Q=18.6, P=0.02; I2=57.0%

Between the two categories of trials       P=0.78
       Heterogeneity

All of the trials (N=14)
   Pooled 746 78.0 ±  9.3 −1.6 (−3.1 to −0.2)

       Heterogeneity   Q=21.7, P=0.06; I2=40.3%

Diastolic BP (mmHg)

  Q=0.3, P=0.60; I2=0.0%

-20.0 -10.0 0.0 10.0 20.0

-20.0 -10.0 0.0 10.0 20.0

-20.0 -10.0 0.0 10.0 20.0

Fig. 4 Baseline diastolic BP and forest plot for the net changes in diastolic BP. Each trial is represented with black squares (net change) and widths
(95% CI); the size of the black squares is in proportion to the weighting by inverse variance in each trial. The pooled net changes are represented
by black rhombuses (net change) and widths (95% CI)
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[36, 42, 43], and one trial [35] indicated that the step count
was significantly greater in the control group than in the PA
group at the baseline [35]. The effects of the baseline step
count may need to be considered in the future. A third
limitation of the current study is the influence of publication
bias. The current study found that two trials were missing
systolic BP data, and one trial was missing diastolic BP data.
When the effects of these missing trials were considered, the
pooled net changes in systolic BP and diastolic BP did not
change significantly. This publication bias was presumably
due to the small samples in the trials. Therefore, these issues
need to be examined in the future.

In conclusion, the currents results substantiate the
claim that an intervention involving walking with a ped-
ometer lowers BP (systolic BP, −3.1 mm Hg; diastolic
BP, −1.6 mm Hg). Systolic BP should decrease in pro-
portion to the increased step count. If, for example, an
individual increases his or her step count by 2000 steps a
day in comparison to a sedentary lifestyle, the individual’s

systolic BP is expected to decrease approximately 4 mm
Hg according to current calculations. However, the step
count itself was not associated with any change in BP. At
present, there seems to be no hard evidence that achieving
10,000 steps a day appreciably lowers BP. In order to
reduce BP by walking with a pedometer, one should be
mindful of increasing one’s step count rather than focus-
ing on the step count per day.

Summary

What is known about this topic?

● Various guidelines have often recommended walking
10,000 steps a day to promote health.

● Meta-analyses reported that the pooled change in blood
pressure was the reductions as a result of supervised
walking.

Fig. 5 The relationship between changes in the systolic BP and step count. Four explanatory variables were selected, as follows: (i) step count in
the PA group, defined as the mean step count per day in the PA group following the intervention; (ii) increased step count, defined as the difference
in the mean step count per day for the PA group and the control group following the intervention; (iii) cumulative step count in the PA group,
defined as (i) × the period of intervention; and (iv) cumulative increased step count, defined as (ii) × the period of intervention
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What this study adds?

● An intervention involving walking with a pedometer
lowers blood pressure.

● Systolic blood pressure will decrease in proportion to
the increased step count.

● At present, there is presumably no evidence that walking
10,000 steps a day lowers the blood pressure to any
marked degree.
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