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Abstract

The purpose of this study was to explore the effects of brisk walking on blood pres-

sure (BP) in Chinese Han occupational populations to identify the appropriate volume

of exercise needed for BPmanagement. Eight-hundred and twooffice staffwith seden-

tary lifestyles were recruited to receive a prescription pedometer-assisted brisk walk-

ing intervention for 3months. To evaluate exercise intervention efficiency using statis-

ticalmethods, the effective stepswas divided as follows: 4000-<8000 (Level 1), 8000-

< 10 000 (Level 2), 10 000–12 000 (Level 3), and > 12 000 (Level 4) steps/day. The

data of 688 participants who completed the study were analyzed. After intervention,

Systolic BP (SBP) and Diastolic BP (DBP) at Levels 1–3 were significantly decreased

(p < .05). For participants with hypertension at baseline, all four levels demonstrated

a significantly reduced SBP and DBP. In addition, there was a significant dose-effect

relationship between the effective steps and the SBP. Compared with the maximum

effective steps level (Level 4), the average change of SBP between level 1–3 and level

4 were statistically significant, with -3.24 mm Hg (95%CI: -5.74 to -0.74, p = .011), -

2.58mmHg (95%CI: -4.73 to -0.43, p= .019), and -2.19mmHg (95%CI: -4.20 to -0.18,

p= .033), respectively. For the hypertensive cohort, only the difference between Level

1 and 4was statistically significant (Level 1 vs. Level 4: difference inmeans= -6.22mm

Hg, 95%CI: -12.68 to -0.24, p = .036). No significant dose-effect relationship of DBP

was observed. Our findings showed briskwalking can effectively control BP in Chinese

populations and a significant dose-effect relationship was found between exercise and

SBP.
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1 INTRODUCTION

The prevalence of hypertension is increasing yearly, with worldwide

casesestimated to increaseby15–20%, to1.5billionby2025.1 Accord-

ing to the Chinese Hypertension Survey, from 2012 to 2015, approx-

imately 244.5 million Chinese people aged ≥18 years suffered from

hypertension.2 Hypertension, especially elevated systolic blood pres-

sure (SBP), is a key risk factor for morbidity and mortality worldwide,

with approximately 9 million deaths attributed to the condition each

year.3–5 Although cardiovascular and cerebrovascular diseases, hyper-

tensive cardiovascular diseases, have become a major economic bur-

den worldwide,3,6 their prevalence may be reduced through efficient

control of hypertension, their most preventable risk factor.7

Multiple studies have shown that increasing physical activity can

significantly reduce SBP and diastolic blood pressure (DBP),8,9 thereby

significantly reducing the incidence of both cardiovascular and cere-

brovascular events in patientswith hypertension; thus, improving qual-

ity of life and reducing the burden of disease.4,10,11 The benefits of

exercise on health are well established, with physical activity guide-

lines in different countries recommending various exercises for dif-

ferent health targets.3,12,13 Healthy individuals seeking to maintain

overall fitness are generally advised to participate in at least 30 min

of moderate-intensity exercise daily, accumulating at least 150 min

of weekly exercise. Further, to achieve superior health benefits, or to

reduce cardiovascular disease risk, it is recommended that individuals

participate in 300min of moderate or 150min of vigorous exercise per

week. European Society of Cardiology/European Society of Hyperten-

sion guidelines1 recommend that patients with hypertension engage

in at least 30 min of moderate-intensity aerobic exercise 5–7 days per

week; equivalent to brisk walking for at least 3000 step counts per day

(a minimum of 100 steps/min for at least 30 min).14 However, these

guidelines do not explicitly indicate the upper limit of exercise required

to improve health outcomes, or the effects of exercise duration on

health benefits, especially in relation to cardiovascular health.

Although the positive effects of increased exercise on blood pres-

sure (BP) and other cardiovascular disease risk factors are well estab-

lished, there is limited research investigating the optimal amount of

exercise required to prevent or control hypertension across various

ethnic groups, sexes, ages, and occupations; thus, necessitating further

study. Herein, we investigate the optimal amount of exercise required

to prevent or control hypertension in the Chinese Han office worker

population, thereby providing a scientific basis for the application of

exercise interventions in BPmanagement in the Chinese population.

2 METHODS

2.1 Participants

A total of 802 participants, comprising of 398 males and 404 females,

were recruited from various enterprises and institutions. Inclusion cri-

teria were as follows: (1) full-time employees; (2) aged 18–65 years;

and (3) a sedentary lifestyle involving six or more hours of sitting

per day. Exclusion criteria were as follows: (1) poor BP control (sys-

tolic> 180mmHg and/or diastolic> 110mmHg); (2) a history of diag-

nosed bone and joint diseases; (3) a history of spinal or limb surgery, or

fractures within the last 3 months; (4) serious dysfunction, or organic

diseases, of the heart, liver, or kidneys; (5) a known HIV history, active

hepatitis B/C infection or an uncontrolled active systemic infection;

and (6) pregnant or lactating women.

This study was approved by the Peking University Third Hospital

Medical Science Research Ethics Committee (No. [2014]189 (2)) and

registered at the China Clinical Trial Registration Center (Registration

no. ChiCTR-OOh-16010229). All participants were informed of the

purpose, content, and risks involved with study participation; written

informed consent was collected prior to trial commencement.

2.2 Study design

This study included all participants in the brisk walking interven-

tion, and those with under or beyond physical activity recommenda-

tions were considered as the reference group (control group). Fur-

thermore, this is a self-controlled study, in which participants acted

as their own controls when pre-intervention and post-intervention BP

weremeasured. Prior to intervention, all participantswere educated in

the dietary management of BP via a single information session. Next,

each participant was prescribed a 3-month pedometer-assisted, self-

monitored walking intervention.

2.3 Brisk walking intervention program

Exercise intervention program is based on open-ended walking inter-

ventions in a real world. Brisk walking was the chosen form of exer-

cise in this study. An exercise suggestion is proposed to participants

based on their original physical activity levels (PALs), and the estab-

lished internet-based exercise and nutrition health management appli-

cation and a prescription pedometer were used to implement the exer-

cise intervention, as well as to guide and record all involvements in

exercise.15

The intervention program included an exercise intensity (moderate

walking speed of 80–90meters/min for females (4.0-4.5MET) and 90–

100 meters/min for males (4.5-5.0 MET)16) equivalent of a pedome-

ter reading of 100–150 steps/min,14 an exercise duration of at least

10 min/bout, daily cumulative exercise time of 30–80 min, an exer-

cise frequency of 5–7 days/week, an exercise execution time period

between 6:00 and 23:00, optimal time of exercise, for example, avoid-

ing morning exercise in hypertensive patients, and precautions dur-

ing exercise. For the first month, walking programs were set accord-

ing to a participant’s past PALs, which, if found low (eg, no or very lit-

tle exercise), required that participants be careful and exercise asmuch

as possible in the first 2 weeks of initiating exercise. Participants were

to gradually increase exercise time and exercise intensity to ensure

safety during the exercise and to prevent sports-related injuries; even-

tually all participants were encouraged to exercise whenever possible.
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Although this 30-min could be completed in oneor several sessions, the

duration of each continuous exercisewas to be aminimumof 10min. In

the second or third months, exercise targets were gradually increased

according to the previousmonth’s completion. In principle, the exercise

intervention program in this study met the recommended amount of

exercise set by the guidelines for themanagement of hypertension.1

2.4 Measurements and procedures

All participants underwent outcome measurements at baseline and

study completion.

2.4.1 Blood Pressure

BP was measured in the right arm using a regularly calibrated mer-

cury sphygmomanometer,with accordance to the2010ChineseGuide-

lines for theManagementofHypertension.17 Eachparticipant’sBPwas

measured in triplicate,with 60-s intervals betweeneachmeasurement,

and the average used as the final value. BPwasmeasured inmmHg.

2.4.2 General physical examination indicators

Height, body weight (BW), and waist circumference (WC) were mea-

sured using standard methods. Body mass index (BMI, kg/m2) = body

weight (kg)/height (m) 2. Body fat mass was measured using aMC-180

body composition analyzer (Tanita Corp., Japan). Body fat percentage

(BF%)= body fat mass (kg)/body weight (kg)×100%. The body compo-

sition analyzer was calibrated before each use.

2.4.3 Physical Activity Level

Prior to intervention implementation, information regarding each par-

ticipants’ exercise habits was collected and their individual exer-

cise risks established. According to their exercise habits in the past

6 months, each participant was graded into one of the following

four PAL levels: PAL1: No or very little exercise; PAL2: Moder-

ate or above intensity exercise, accumulating > 30 min/day, less

than 3 days/week; PAL3: Moderate or above intensity exercise,

accumulating > 30 min/day, at least 3 days/week, regular exercise

for < 6 months; PAL4: Moderate or above intensity exercise, accumu-

lating> 30min/day, at least 3 days/week, regular exercise for 6months

or more.

2.4.4 Walking evaluation

Step counts accumulated with a frequency of 100–150 steps/min

were considered as "effective steps” and recorded using a prescrip-

tion pedometer.15 Participants were, therefore, required to wear a

pedometer daily throughout the trial period. Additionally, each par-

ticipant’s walking program was recommended for 30–80 min/day;

thus, the recommended number of effective steps was 3000–12 000

steps/day. Thus, for statistical analysis, we divided the effective steps

achieved by each participant into the following four levels: 4000-

< 8000 (Level 1), 8000- < 10 000 (Level 2), 10 000–12 000 (Level

3), and > 12 000 (Level 4) steps/day. As Level 4 was beyond physical

activity recommendations, it was established as the reference group

against which the efficacy of the intervention, and thus the recom-

mended amount of exercise, was evaluated and verified.

2.4.5 Diet scores

The eating behavior section of the Healthstyle: A Self-Test18 (derived

from the United States Public Health Service) was used to evaluate

the dietary choices of participants. This questionnaire assessed eating

rationale based on the diversity of a participant’s daily diet, whether it

consciously restricted fat intake (especially saturated and trans fatty

acids), salt, and sugar. The score rangewas 0–10.

2.4.6 Diagnostic criteria of hypertension

Hypertension was defined as SBP ≥140 mm Hg and/or DBP ≥90 mm

Hg, or an existing history of hypertension and current administration

of antihypertensive therapy.17

2.5 Statistical analysis

IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA) and R version

3.6.1 (R Core Team. R: A language and environment for statistical com-

puting. R Foundation for Statistical Computing, Vienna, Austria. URL

https: //www.R-project.org/, 2019) were used for statistical analysis.

p< .05 was deemed statistically significant.

Normally distributed (Kolmogorov–Smirnov test) data were

expressed as mean ± standard deviation (M±SD). An independent

sample t-test was used for comparison between two groups, while

a paired sample t-test was used to compare outcomes before and

after intervention in a single group. Multiple linear regression models

were used to analyze the main influencing factors of BP change (BP

of post intervention minus BP of pre intervention), including sex,

age, height, baseline PAL, changes in BW, WC, BF%, diet scores, and

antihypertensive medication use. p < .05 was considered statistically

significant.

3 RESULTS

3.1 Participant characteristics and exercise
performance

Of the 802 patients recruited to this study, 114 withdrew due to

personal reasons (Figure 1); data of the remaining 688 participants,

http://www.R-project.org/
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F IGURE 1 The study flow diagram

331 males and 357 females, were analyzed. The average age was

37.0±9.9 years, with no significant differences between sexes (p= .54).

General participant characteristics at baseline are shown in Table 1,

with significant differences existing between the height, BW, BMI,WC,

and BF% (p < .05) of males and females. 17.0% (117/688) of partici-

pants had a diagnosis of hypertension; 49 of which were undergoing

antihypertensive therapy.

The effective steps for all 688 participants who completed the exer-

cise interventionwas as follows: percentage of participantswith 4000-

< 8000, 8000- < 10 000, 10 000–12 000, and > 12 000 effective

steps/day was 13.4%, 25.3%, 34.4%, and 26.9%, respectively.

3.2 Effects of brisk walking on BP and its
dose-effect relationship

For all participants, as shown in Table 2, the effective steps at Level

1–3, both of SBP and DBP were significantly reduced after 3 months

(p < .05); changes of SBP and DBP at Level 4 were not significant,

especially the average SBP, instead showed a rising trend. For the male

cohort, SBPdecreased significantly by3.1mmHg (p= .010) and3.6mm

Hg (p = .001) on average at Level 1 and 2, respectively; and the SBP

changes at the other effective step levels were not significant. DBP

showed a decrease at Level 1–4, but it is only statistically significant in

Level 2–4 (p < .05). For the female group, SBP decreased significantly

in Level 1–3, with an average decrease of 6.3mmHg (p= .001), 3.4mm

Hg (p = .001), and 2.1 mm Hg (p = .023) respectively; however, SBP at

Level 4 increasedwith an average of 1.8mmHg (p= .173). DBP showed

a significant decrease in Level 1 and Level 2, by 4.3 mm Hg (p = .003)

and 2.4 mm Hg (p = .005), respectively. However, Level 3 and 4 did

not change significantly. In addition, there was a significant reduction

in bodyweight at all four effective steps levels.

The BP change was taken as the dependent variable, and the possi-

ble related factors of BP changes were taken as independent variables

for multivariate analysis, as shown in Table 3. In the analysis, the entry

regression method was used to fit the model, and the test level was

0.05. There was a dose-effect relationship between the change of SBP

and the effective steps (Table 4). Compared with the highest category

of effective steps (Level 4), the difference of SBP change was -3.24mm

Hg (95% CI: -5.74 to -0.74, p = .011) for the lowest (Level 1) category,

-2.58mmHg (95%CI: -4.73 to -0.43, p= .019) for Level 2, and -2.19mm

Hg (95%CI: -4.20 to -0.18, p= .033) for level 3. For themale cohort, the

TABLE 1 General Baseline characteristics of patients

Total group Males Females p valuea

N 688 331 357

Age (year) 37.0±9.9 36.7±9.6 37.2±10.1 .540

Height (cm) 166.2±8.0 172.5±5.5 160.4±5.0 <.001

BW (kg) 66.5±13.9 74.9±12.4 58.7±10.2 <.001

BMI (kg/m2) 23.9±3.9 25.1±3.7 22.8±3.8 <.001

WC (cm) 82.9±11.8 88.8±10.6 77.4±10.1 <.001

BF% (%) 27.1±6.8 24.2±5.4 29.6±6.8 <.001

Diet scores 5.3±2.6 5.1±2.5 5.4±2.7 .022

Hypertensive (n, %) anti-hypertensive therapy 49 (7.1) 32 (9.7) 17 (4.8)

None 68 (9.9) 50 (15.1) 18 (5.0)

Data are expressed asmean± SD.

Abbreviations: N, number of participants; BW, Bodyweight; BMI, bodymass index;WC, waist circumference; BF%, body fat percentage.
aComparisons betweenmales and females.
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TABLE 2 Changes of blood pressure and bodyweight in different effective steps levels

aEffective step levels

Level 1 Level 2 Level 3 Level 4

Total N 92 174 237 185

SBP (mmHg) Pre 121.4±15.0 118.1±14.7 115.4±13.4 116.4±13.3

Post 116.9±11.2 114.7±13.2 113.4±11.9 117.3±12.2

Δ (post-pre) −4.5±12.0 −3.4±9.8 −2.0±10.5 0.9±10.5

p-value <.001 <.001 .005 .241

DBP (mmHg) Pre 79.3±12.8 77.2±11.6 75.1±10.5 76.1±10.1

Post 75.9±9.1 74.9±10.7 73.4±9.6 74.9±9.7

Δ (post-pre) −3.4±9.7 −2.3±8.9 −1.7±8.6 −1.2±9.2

p-value .001 .001 .003 .078

BW (kg) Pre 71.9±16.7 64.6±13.2 65.3±14.4 67.1±11.6

Post 70.2±16.0 63.7±12.6 64.4±13.5 66.3±11.5

Δ (post-pre) −1.3±2.9 −0.9±2.9 −0.9±3.2 −0.8±2.7

p-value <.001 <.001 <.001 <.001

Male N 51 71 102 107

SBP (mmHg) Pre 123.4±13.5 126.8±11.4 121.2±12.2 120.7±12.4

Post 120.3±9.7 123.2±11.2 119.5±10.3 120.9±11.1

Δ (post-pre) −3.1±12.9 −3.6±9.0 −1.7±10.5 0.2±9.5

p-value .090 .001 .099 .793

DBP (mmHg) Pre 81.7±13.4 83.3±10.5 78.5±10.0 79.5±9.6

Post 79.0±8.8 81.0±8.7 76.1±8.8 77.4±9.5

Δ (post-pre) −2.7±10.6 −2.3±9.5 −2.4±8.0 −2.1±9.0

p-value .068 .041 .004 .019

BW (kg) Pre 77.5±17.2 73.5±12.0 76.0±12.6 73.6±9.2

Post 75.9±16.1 72.4±11.5 74.4±11.4 72.5±9.0

Δ (post-pre) −1.6±3.5 −1.1±2.6 −1.6±4.1 −1.0±2.8

p-value .002 .001 <.001 <.001

Female N 41 103 135 78

SBP (mmHg) Pre 118.8±16.4 112.2±13.7 110.9±12.6 110.5±12.3

Post 112.5±11.5 108.8±11.1 108.8±11.0 112.3±12.0

Δ (post-pre) −6.3±10.7 −3.4±10.3 −2.1±10.6 1.8±11.7

p-value .001 .001 .023 .173

DBP (mmHg) Pre 76.3±11.4 73.1±10.5 72.6±10.1 71.4±8.9

Post 72.0±8.0 70.7±9.9 71.4±9.7 71.4±9.0

Δ (post-pre) −4.3±8.6 −2.4±8.5 −1.2±9.0 0.0±9.4

p-value .003 .005 .123 1.000

BW (kg) Pre 65.0±13.2 58.4±10.1 57.3±9.7 58.2±8.2

Post 64.1±13.3 57.6±9.5 56.9±9.5 57.7±8.5

Δ (post-pre) −0.9±1.9 −0.8±3.1 −0.4±2.1 −0.4±2.6

p-value .005 .011 .031 .136

Data are expressed asmean± SD.
aEffective steps levels, Level 1: 4000 - < 8000 Steps/day; Level 2: 8000 - < 10 000 Steps/day; Level 3: 10 000–12 000 Steps/day; Level 4: more than12 000

Steps/day.

Abbreviations: BW, bodyweight; DBP, diastolic blood pressure;N, number of participants; SBP, systolic blood pressure;Δ, is a 3-month change.
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TABLE 3 Multiple linear regression analysis of blood pressure changes (n= 688)

Variable Coefficients β value Std. error t-value p-value

SBP changea Sex (male= 1,female= 0) 2.024 1.496 1.352 .177

Age −0.107 0.051 −2.100 .036

Height −0.131 0.090 −1.456 .146

Baseline PAL 0.784 0.523 1.499 .135

Hypertensive(yes= 1, no= 0) −4.905 1.928 −2.544 .011

Effective steps 0.001 0.000 3.750 .000

ΔBW 0.618 0.188 3.295 .001

ΔWC −0.089 0.124 −0.719 .472

ΔBF% 0.125 0.167 0.747 .455

Δ eating score 0.101 0.146 0.688 .492

DBP changeb Sex (male= 1,female= 0) −0.327 1.277 −0.256 .798

Age −0.114 0.043 −2.635 .009

Height −0.039 0.077 −0.506 .613

Baseline PAL 0.434 0.447 0.972 .332

Hypertensive(yes= 1, no= 0) −2.148 1.646 −1.304 .193

Effective steps 0.000 0.000 2.233 .026

ΔBW 0.191 0.160 1.189 .235

ΔWC −0.075 0.106 −0.703 .482

ΔBF% 0.119 0.143 0.832 .406

Δ eating score 0.117 0.125 0.941 .347

aDependent Variable: SBP change.
bDependent Variable: DBP change.

Abbreviations:Δ, is a 3-month change (post-pre); PAL, physical activity level; BW, Bodyweight;WC, waist circumference; BF%, body fat percentage.

TABLE 4 The dose-effect relationship between changes of blood pressure and effective steps levels

aEffective steps levels ΔSBPb p-value ΔDBPc p-value

Total group

Level 1 versus 4 −3.24 (-5.74,-0.74) .011 −0.74 (-2.88,1.41) .503

Level 2 versus 4 −2.58 (-4.73,-0.43) .019 0.12 (-1.74,1.98) .899

Level 3 versus 4 −2.19 (-4.20,-0.18) .033 0.54 (-1.20,2.28) .542

Males

Level 1 versus 4 −3.95 (-7.35,-0.55) .024 0.16 (-2.67,2.98) .914

Level 2 versus 4 −1.39 (-4.52,1.74) .384 1.78 (-0.82,4.39) .181

Level 3 versus 4 −2.26 (-5.16,0.65) .129 0.12 (-2.31,2.56) .922

Females

Level 1 versus 4 −2.68 (-6.39,1.03) .158 −2.02 (-5.25,1.21) .222

Level 2 versus 4 −3.41 (-6.48,-0.34) .030 −1.33 (-4.03,1.37) .334

Level 3 versus 4 −2.25 (-5.12,0.63) .126 0.24 (-2.28,2.76) .854

Data are expressed asmean difference (95% confidence interval).
aEffective steps levels, Level 1: 4000 - < 8000 Steps/day; Level 2: 8000 - < 10 000 Steps/day; Level 3: 10 000- 12 000 Steps/day; Level 4: more than 12 000

Steps/day.
bΔSBP: difference of systolic blood pressure change inmmHg (95% confidence interval).
cΔDBP: difference of diastolic blood pressure change inmmHg (95% confidence interval).
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TABLE 5 Blood pressure changes of hypertensive and non-hypertensive participants at different effective step levels

Hypertensive Non-hypertensive

aEffective

steps levels N Pre Post Δ (post-pre) p-value N Pre Post Δ (post-pre) p-value

Level 1 SBP 27 137.0±10.7 125.1±8.4 −11.8±13.4 <.001 65 114.9±11.3 113.4±10.4 −1.5±10.0 .229

DBP 27 93.8±8.9 82.9±7.6 −10.9±9.7 <.001 65 73.3±8.6 73.0±8.0 0.3±7.9 .744

Level 2 SBP 33 137.1±11.1 128.3±12.1 −8.8±11.0 <.001 141 113.7±11.5 111.5±11.3 −2.2±9.1 .004

DBP 33 92.9±9.7 84.1±9.7 −8.8±8.4 <.001 141 73.6±8.6 72.7±9.7 −0.9±8.4 .217

Level 3 SBP 31 135.5±13.3 127.4±12.7 −8.1±12.1 .001 206 112.3±10.5 111.3±10.3 −1.0±10.0 .144

DBP 31 90.9±7.5 83.9±8.9 −7.0±10.1 .001 206 72.8±8.6 71.8±8.7 −0.9±8.1 .107

Level 4 SBP 26 134.3±12.5 128.6±12.2 −5.7±9.7 .006 159 113.4±10.9 115.4±11.2 2.0±10.2 .015

DBP 26 89.4±9.9 84.3±10.4 −5.1±10.1 .016 159 73.9±8.3 73.4±8.8 −0.5±8.9 .430

Data are expressed asmean± SD inmmHg.
aEffective steps levels, Level 1: 4000 - < 8000 Steps/day; Level 2: 8000 - < 10000 Steps/day; Level 3: 10000- 12000 Steps/day; Level 4: more than 12000

Steps/day.

Abbreviations: N, number of participants; SBP, systolic blood pressure; DBP, diastolic blood pressure;Δ, is a 3-month change.

TABLE 6 Relationship between the change (post-pre) of blood pressure and effective step levels in hypertensive and non-hypertensive
participants

Hypertensive Non-hypertensive

aEffective steps

levels ΔSBPb p-value ΔDBPc p-value ΔSBPb p-value ΔDBPc p-value

Level 1 versus 4 −6.22 (-12.68,0.24) .036 −4.79 (-9.95,0.36) .073 −3.04 (-5.88,-0.19) .037 −0.08 (-2.57,2.41) .950

Level 2 versus 4 −3.73 (-9.96,2.51) .245 −3.51 (-8.56,1.55) .179 −2.54 (-4.88,-0.20) .034 0.68 (-1.37,2.74) .5167

Level 3 versus 4 −1.16 (-8.05,5.73) .742 0.32 (-5.17,5.8) .911 −2.32 (-4.44,-0.19) .033 0.58 (-1.29,2.44) .547

Data are expressed asmean difference (95% confidence interval).
aEffective steps levels, Level 1: 4000 - < 8000 Steps/day; Level 2: 8000 - < 10 000 Steps/day; Level 3: 10 000- 12 000 Steps/day; Level 4: more than 12 000

Steps/day.
bΔSBP: difference of systolic blood pressure change inmmHg (95% confidence interval).
cΔDBP: difference of diastolic blood pressure change inmmHg (95% confidence interval).

difference of SBP changes between Level 1 and Level 4 was significant

(-3.95mmHg, 95%CI: -7.35 to 0.55, p= .024). For female, it only Level

2 showed a significant difference (-3.41mmHg, 95%CI: -6.48 to -0.34,

p = .030). However, there was no significant dose-effect relationship

between the effective steps and the changes of DBP.

3.3 Effect of different effective steps levels on
blood pressure of hypertensive and non-hypertensive
participants

According to the presence of hypertension, participants were divided

into the hypertensive and the non-hypertensive groups for subgroup

analysis (Table 5). For the hypertensive cohort, after 3 months of brisk

walking, SBP and DBP both significantly decreased at Levels 1 to 4

(p < .05). For non-hypertensive cohort, SBP decreased in levels 1–3;

however, only Level 2 (-2.2±9.1 mm Hg, p = .004) was significant. On

the other hand, Level 4 had a significant increase (2.0±10.2 mm Hg,

p= .015). The change of DBPwas not significant.

The multiple linear regression model was used to analyze the rela-

tionship between BP and exercise. The results show that there was a

significant dose-effect relationship between the change in SBP and the

effective steps (Table 6). Compared to Level 4, only the difference of

Level 1 is statistically significant, which is -6.22mmHg (95%CI: -12.68

to -0.24, p = .036); the other levels were not significantly different.

Therewasno significant dose-effect relationship betweenDBPand the

effective steps. For the non-hypertensive, as shown in Table 5, there

was a significant dose-effect relationship between the change of SBP

and the effective steps, but no significant dose-effect relationship was

found in DBP.

4 DISCUSSION

This study showed that 3 months of brisk walking, with a pace of

100–150 steps/min, can effectively contribute to BP improvement

in Chinese Han occupational populations with sedentary lifestyles.

Moreover, we identified a significant dose-effect relationship between

changes in SBP and effective steps, but not in DBP.
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The key focus of this trial was to motivate all participants to alter

their sedentary lifestyles. But for most people, changing their rou-

tine habits may be difficult. However, since walking is an essential

daily activity, the use of walking-based aerobic exercises, such as brisk

walking, is an ideal intervention to encourage adherence to moderate-

intensity movement suitable for most physically inactive people.19

Indeed, this study shows that a briskwalking interventionmaybe appli-

cable to all occupational populations with sedentary lifestyles, as it has

ideal adaptability to the physical performance and cardiovascular func-

tion of the participants. During the intervention period, participants

complied well with exercise requirements, and exhibited high exer-

cise enthusiasm; accumulating a drop-out rate of only 14.2%. Approxi-

mately 4000–12 000 effective steps/day were performed by 73.1% of

participants, indicating that a majority were able to adhere to inter-

vention recommendations; 26.9% of participants exceeded the recom-

mended number of effective steps. The BP benefits from engaging in

a volume of walking greater than recommended by the intervention

require careful consideration.

This study is based on open-ended walking interventions in a real

world, so that their exercise is highly independent and random. In

the statistics and analysis of the dose-effect relationship, the effec-

tive steps that they actually walked daily were divided into four lev-

els of 4000- < 8000, 8000- < 10 000, 10 000–12 000, and > 12 000

steps/day, and observed their effect on BP, as well as their differences.

We found that for bothmale and female participants, an effective steps

level of more than 12 000 steps per day appeared to be detrimental in

the control of SBP as an increase in the mean SBP level was demon-

strated in these participants. In order to clarifywhether excessive exer-

cise is beneficial to control BP, the effective steps > 12 000 steps/day,

which was beyond physical activity recommendations, was considered

as the reference group. We found that 4000-< 8000, 8000-< 10 000,

and 10000–12 000 steps/day had significantly better effect on reduc-

ing SBP than that by> 12 000 steps/day for all participants. In themale

cohort, only the effective steps range from 4000 to < 8000 steps/day

showed a better reduction in SBP;while in the female cohort, the effect

of reducing SBP at 8000 to < 10 000 steps/day was better. There-

fore, regardless of sex, the effective steps level of > 12 000 steps per

day did not show a better reduction of SBP. These results further sug-

gest that more than 12 000 effective steps per day did not show bet-

ter control of SBP. However, the increase in SBP caused by exercise is

one of the major contribution of cardiovascular and cerebrovascular

events.20 Therefore, it is wise to avoid excessive exercise, especially if

it is too strenuous. Additionally, the DBP of women decreased signifi-

cantly only between 4000 and < 10 000 steps per day. This sex-based

difference in DBP may be related to the baseline DBP level; the base-

lineDBP inmen seemed to be higher than that inwomen. Itmay also be

that different sexes havedifferent responses to the amount of exercise;

however, more research is needed regarding this.

Brisk walking significantly reduced BP in hypertensive patients.

Additionally, we further divided the participants into hypertensive and

non-hypertensive cohorts for discussion. For participants with hyper-

tension at baseline, different exercise levels demonstrated a signifi-

cant decrease in SBP and DBP, with an average decrease of 5.7 to

11.8 mm Hg and 5.1 to 10.9 mm Hg, respectively. The results fur-

ther confirm that exercise is beneficial for controlling BP in patients

with hypertension, and the effect of reducing BP is similar to that of

recent meta-analyses,21,22 that is, aerobic exercise intervention can

reduce SBP by 4.7 to 9.36 mm Hg and DBP by 3.2 to 5.93 mm Hg

in the Asian hypertensive population. Meanwhile, the multiple linear

regression model was used to analyze the relationship between BP

changes and exercise in 117 patients with hypertension, and the con-

founding factors were adjusted. It showed that the effective steps that

ranged from 4000 to < 8000 steps/day was better than > 12 000

steps/day in reducing SBP. This suggests that for patients with hyper-

tension, brisk walking (100–150 steps/min) of 4000 to 8000 steps/day

has the ideal effect on reducing SBP, while more exercise has a neg-

ligible effect on reducing SBP. For the non-hypertensive cohort, the

main outcome of exercise is to maintain the BP level. The effective

steps ranged from 8000 to < 10 000 steps/day, and SBP was signifi-

cantly decreased (an average decrease of 2.2 mmHg); while more than

12 000 steps/day, SBPwas significantly increased (an average increase

of 2.0mmHg). The results of exercise intervention in non-hypertensive

people also suggest that excessive exercise (effective steps over 12000

steps per day) is not beneficial for BP management in normotensive

patients. The results of the multiple linear regression model for the

non-hypertensive cohort further showed that brisk walking of 4000 to

12 000 steps/day appeared to be more beneficial for BP control than

excessive exercise. Thus, walkingmore than the recommended amount

offered no additional BP control benefits. This result was similar to

that reported in a systematic review by Cornelissen and coworkers,23

in which 30–45 min of moderate-intensity aerobic exercise per day

(equivalent to 3000–7000 steps/day of brisk walking) was reported to

better control BP than greater amounts of exercise.

There are several possible mechanisms of the lesser effects of

greater exercise on lowering BP. Firstly, we have to mention the for-

mation mechanism of systolic pressure, that is, the rapid injection of

blood in the ventricles of the heart during contraction, resulting in lat-

eral pressure on the blood vessel walls. In order to maintain BP dur-

ing exercise, the heart has to pump out more blood (cardiac output).

Greater exercise, either intense or prolonged, places greater stress on

the cardiovascular system and increases cardiac output. This results

in an adaptive change in the heart’s structure known as ventricular

hypertrophy or dilation. Such conditions have been reported in stud-

ies involving athlete.24–26 But whether the change is physiological or

pathological remains to be seen. In addition, this may be because the

maintenance of BP during exercise depends on the excitement of sym-

pathetic nerves. Long-term exercise keeps the sympathetic nerves at

a high level of excitement for a long time, so that the excitability of

sympathetic nerves at rest may also increase adaptively.27–29 The SBP

of individuals who exercised a lot was not reduced much or increased

instead.However, a clearermechanism still needs to be further verified

bymore studies.

Interestingly, increasing the amount of exercise did not lead to bet-

ter SBP control, regardless of sex and presence of hypertension.More-

over, uncontrolled excessive exercise may increase the risk of exercise

injuries or cardiovascular events. Additionally, excessive exercise may
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lead to less adherence to exercise routines, leading to exercise drop-

out. As mentioned in the review by Berge and coworkers,30 the inci-

dence of hypertension in athleteswith a large amount of exercise train-

ing is significantly higher compared to athletes with a small amount;

therefore, greater amount of exercise is not necessarily better for BP

control.

This study has practical implications for BPmanagement in Chinese

occupational populations with sedentary lifestyles, as it provides evi-

dence for the appropriate amount of exercise required to control BP

across sexes and different BP status groups. Several limitations exist in

this study. First, participants didnot exercise strictly in accordancewith

the amount recommended in the intervention, often blindly increas-

ing their amount of walking; thus, resulting in a relatively small per-

centage of participants performing 4000–8000 steps/day. In addition,

participants’ salt intake, smoking, and alcohol consumption were not

required or recorded; and only a pre-intervention health education on

the risk factors of hypertension and related diet was conducted for all

patients.

5 CONCLUSIONS

Exercise in the form of brisk walking may effectively improve BP con-

trol in ChineseHan occupational populations with sedentary lifestyles.

A significant dose-effect relationship was found between exercise and

BP, with the highest exercise level seems to be detrimental to the con-

trol of SBP, especially in individuals with a history of hypertension.
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