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Characteristics of Aerobic Exercise as Determinants of Blood Pressure
Control in Hypertensive Patients:
A Systematic Review and Meta-Analysis
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Purpose: The purpose of this study was to evaluate the effect on blood pressure (BP) and heart rate (HR) according to aerobic exercise
characteristics in adults with hypertension using a systematic review and meta-analysis. Methods: The related researches were selected
from PubMed, EMBASE, Cochrane library, CINAHL, PsycINFO, SPORTDiscus and 5 domestic databases up to September 4, 2019. To estimate
the effect size, random effect models were used to derive weighted mean differences (WMD) and their 95% confidence intervals (Cl) of
aerobic exercise on BP and HR, Results: A total of 37 RCTs with 1,813 samples were included, Aerobic exercise was found to significantly
reduce systolic BP (WMD, - 8.29 mmHg; 95% Cl, — 10.12 to — 6.46), diastolic BP (WMD, — 5.19 mmHg; 95% Cl, - 6.24 to — 4.14) and HR
(WMD, - 4.22 beats/min; 95% Cl, — 5.36 to -3.09). In detail, systolic BP and diastolic BP were significantly decreased in all groups of exer-
cise types, frequency and duration, Systolic BP and diastolic BP were significantly decreased in the moderate and vigorous-intensity group.
Exercise characteristics with the most dramatical change in systolic BP were water-based training, moderate-intensity, 3 times a week and
8 to 11 weeks of duration. In diastolic BP. the greatest effect size was over 24 weeks of exercise. Conclusion: Moderate aerobic exercise,
especially water-based exercise can be an important part of lifestyle modification for hypertensive patients. Also, it can be recommended
in a variety of clinical settings for lowering BP and HR. However, there is insufficient evidence that low-intensity exercise is effective in low-
ering BP
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INTRODUCTION

Hypertension is one of the most common diseases worldwide.
A prevalence of hypertension is around 30.0~45.0% of adults,
rapidly increasing with aging [1]. Also in Korea, the prevalence of
hypertension in people over 30 years was 28.3% and the preva—
lence in the elderly was 64.3% [2]. Essential hypertension that
accounts for 95% of all hypertension cases has no identifiable

cause, and is considered a primary risk factor that provokes var—

ious kinds of complications including cardio—cerebrovascular dis—
ease, peripheral vascular disease and/or renal disease [3,4]. Al-
though hypertension is required to be managed actively as a typ—
ical chronic disease that is a primary risk factor of cardiovascular
disease, stroke, etc. [5], blood pressure (BP) control rate of hy—
pertensive patients was as low as 454% [2]. It is generally
known that lowering 10 mmHg in systolic BP may reduce 20.0%
cases of cardiovascular disease, 17% of coronary artery disease,
270% of stroke, 280% of heart failure, and 130% of the total
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mortality rate [6], and therefore blood pressure control of hyper—
tensive patients plays a vital role to prevent heart disease or
cerebrovascular disease.

Once diagnosed with hypertension, lifestyle modification is en—
couraged to begin first as a nonpharmacological treatment prior
to pharmacotherapy [7]. Among the nonpharmacological treat—
ment methods, regular physical activity has been emphasized,
and regular aerobic exercise is accordingly been encouraged [7,8].
Any sport or activity that works large groups of muscles, is con—
tinually maintained and performed rhythmically, is defined as an
aerobic, or cardiovascular, exercise by the American College of
Sports Medicine (ACSM). Aerobic exercise reduces risk of car—
diovascular disease as well as controlling BP, and therefore is
now actively recommended especially in the European and US
hypertension guidelines [5,9].

Increased heart rate (HR) has been associated with high blood
pressure and risk factors for accidental cardiovascular disease
because it is associated with an imbalance in the autonomic ner—
vous system that can affect blood pressure [10,11].

For such reasons, many studies of effects of aerobic exercise
on BP and HR of hypertensive patients have been performed, but
results of its characteristics and effectiveness varied depending
on each study [A1-A37]. Types of aerobic exercise recommended
to hypertensive patients include walking, running, bike-riding,
aerobic dance, dance, swimming, etc. [3]. Among these, a num—
ber of studies including walking and running were conducted
[A1-A3], while studies applying water—based training including
swimming and aquarobic [A4,A5] and other various types of
aerobic exercise including bike-riding [A6,A7] and dance [A8,A9]
have also been conducted. Effects of moderate—intensity exercise
have been reported in a greater number of studies of aerobic ex—
ercise for hypertensive patients [A3,A5,A10,A11], while some
studies introduced effects of vigorous—intensity [A7,A12] and
low—intensity [A13,A14] aerobic exercise. Frequency of aerobic
exercise provided to hypertensive patients widely ranged from
two to five days weekly and durations spanned between 4 weeks
and 37 weeks [12]. Still, optimal exercise programs structured
for hypertensive patients have not been clearly established [13].
Thus, it is necessary to examine the effects of aerobic exercise
provided to hypertensive patients and determine the most effec—

tive exercise program for reducing BP.
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There have been several systematic reviews with meta—analy—
sis of studies that examined effects of aerobic exercise on hyper—
tensive patients [14-17]. These studies included only some of
types of aerobic exercise [14,15] or other interventions such as
diet with aerobic exercise [14]. One paper [15] included non—ran—
domized controlled trials (RCTs) studies. Also most of these
studies [14,15,17] have not been analyzed according to the char—
acteristics of exercise. In only one study [16], the effect on BP
was analyzed according to exercise characteristics, but not only
patients with hypertension but also normotensive persons and
other interventions other than aerobic exercise were included.
Another recently published study [17] reported that the number
of papers was small and the heterogeneity was high, and also
additional study with larger sample sizes to compare exercise
characteristics should be considered.

Thus, the aims of this study were to (1) identify effects of
aerobic exercise on hypertensive patients, and, further, to (2)
compute effect sizes that would impact on systolic and diastolic
BP by exercise characteristics such as types, intensity, frequency
and duration, and (3) verify its effects on heart rate, by system—
atically reviewing and conducting meta—analysis for studies with
RCTs.

METHODS
1. Inclusion criteria

This study has been performed according to Preferred Report—
ing Items for Systematic review and Meta—Analyses (PRISMA)
guidelines [18]. Key questions for studies selection were formed
using PICOT-SD (participant, intervention, comparison, outcome,
time and study design) framework, and the details are as follows:
1) participants were adults aged 18 years and older who were
diagnosed with hypertension. There was no limited on the use of
antihypertensive drugs; 2) intervention was only performed reg—
ularly aerobic exercise; 3) comparison was performed with con—
trol group did not receive any aerobic exercise; 4) primary out—
come of aerobic exercise was systolic and diastolic BP, while
secondary outcome was heart rate; 5) Time was not limited. All
of the articles published on September 4th, 2019 or earlier were
included in literature search. 6) for study design, randomized

controlled trials were included. Only studies published in journals
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were included. The exclusion criteria were as follow: 1) studies
using other than special intervention, such as resistance exercise,
an improved diet or a change in lifestyle; 2) studies without using
an experimental design (e.g., surveys, qualitative studies, etc.) or

ones with single—group experimental.
2. Search strategies

Before collecting data for this study, exemption approval of de—
liberation was granted by Research Ethics Committee of Kang—
won National University (KWNUIRB-2019-07-006). The search
was restricted to the Korean or English literature. International
database search engines included PubMed, EMBASE, Cochrane
library, CINAHL, PsycINFO, and SPORTDiscus, while domestic
search engines included Korean Medical Database (KMBase),
Korea Institute of Science and Technology Information (KISTI),
Korean Studies Information Service System (KISS), National
Digital Science Library (NDSL), and Research Information Shar—
ing Service (RISS).

For the international search engines, search terms were cho—
sen using MeSH terms and Entree. The Search terms were (hy—
pertension OR high blood pressure) AND (physical activity OR
physical fitness OR jogging OR walking OR swimming OR swim
OR aquatic exercise OR aquarobic OR aquatic training OR dancing
OR dance OR aerobic dance* OR bicycling OR cycling).

A pair of our researchers proceeded with search in each of the
search engines after discussions, and one of them eliminated du—
plicated articles using a document management program. Based
on the selection criteria, then, titles and abstracts were reviewed
followed by selection of the studies. Disagreements were solved

by communication between the authors.

3. Data extraction

Data extraction table has been created for data coding of liter—
ature selected. Items of the data coding included article informa—
tion (author and publication year), subjects (participants, total
number of participants, number of exercise groups, number of
controlled groups, age, gender, and country where study was
conducted), exercise intervention (types of exercise, exercise in—
tensity, frequency, and duration), and study results. Exercise in—
tensity is classified into low—intensity, moderate—intensity, and

vigorous—intensity based on Park’s et al. [19]. Duration was in—
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cluded at least 4 weeks or longer to investigate the effect of aer—
obic exercise based on previous studies [13,20]. When the results
of several periods were presented in the same study, each case
was analyzed separately. Data were extracted by a pair of re—
searchers followed by double—check comparison with the original

data by the other one.
4. Risk of bias in individual studies

Two researchers independently assessed the risk of bias of the
selected studies using the risk—of-bias tool 2 (RoB2) provided by
Cochrane Collaboration [21]. Since the researchers have been
conducted several systematic reviews, we could easily agree
through discussions in case of inconsistent risk of bias assess—
ment. The RoB2 consisted of five domains of bias to assess, ie.
randomization process, deviation from the intended interventions,
missing outcome data, measurement of the outcome, and selec—
tion of the reported results. Each of the 22 questions in total was
marked as “yes”, “probably yes”, “‘probably no", ‘no”, or ‘no in—
formation” and divided into three groups of low risk, some con—

cerns and high risk.
5. Meta-analytical and statistical methods

The characteristics of the literature selected for the systematic
review were summarized in a table, and meta—analysis was im—
plemented using meta—analysis packages in R program (R Foun—
dation for Statistical Computing, Vienna, Austria). The mean ef-
fect size was calculated by using a random effects model assum—
ing due to differences of participant characteristics, interventions,
etc. in each study:.

The Weight Mean Difference (WMD) was calculated for the
systolic and diastolic BP and heart rate in consideration that the
scale for each outcome variable is a continuous variable (mmHg
for the systolic and diastolic BP; beats/min for the heart rate).
Using differences between post and pre-mean values and stan—
dard deviation, analysis of the effect sizes was conducted. Along
with overall effect sizes, effect size of BP was analyzed by exer—
cise types, intensity, frequency and duration. Statistical signifi—
cance of effect size was determined with 95% confidence interval
(CI). The negative value of the effect size means that BP and HR
have decreased.

To assess the heterogeneity of the effect size, Higgins' F—
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value were used. In general, when the F>75% was interpreted
as high heterogeneity, 25% <F<75% as moderate heterogene—
ity, and F<25% as low heterogeneity [22]. To explore major
causes of heterogeneity, meta—analysis with ANOVA or regres—
sion was carried out.

To examine publication bias, furthermore, funnel plots were
used for visualization and then Egger’s regression test was per—

formed for statistical verification.

RESULTS
1. Study selection

A total of 9,723 articles were retrieved from the international
database search engines and 570 articles from the domestic en—
gines. After excluding duplicate, 6,544 studies remained and 148
were identified based on the title and abstract review. After re—
viewing the 148 articles, we excluded 111 articles for following

reasons: 14 articles did not involve a hypertensive population, 10
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articles were inappropriate comparison, 42 articles were study
design was unconformable to the criteria, 4 articles included an
additional intervention, 6 articles did not published was not in
Korean or English, 14 articles were not published in the journal
such as letter or thesis, 3 articles could not find the full text, 14
articles did not report statistical result and 4 articles reported
duplicate of the same study (Figure 1). Finally 37 articles were

selected and listed in the Appendix 1.

2. Characteristics of selected studies

The characteristics of the 37 included studies are shown in
Table 1. Of the 37 articles, five were published earlier than 2000
(135%), seven in between 2000 and 2010 (18.9%), and twen—
ty—five in 2011 or later (676%). Countries the studies were con—
ducted were Korea (7 articles), USA (7 articles), Germany (3
articles), Brazil (4 articles), Denmark (2 articles), Iran (2 arti—
cles), Nigeria (2 article), Japan (2 article), China (2 article), Brit—

ain (1 article), Switzerland (1 article), Malaysia (1 article), Nor—

A 4

Record excluded on title & abstract review
(K =6,396)

Domestic DB (570) International DB (9,723)
- KMBASE 55 - PubMed 2,554
- KISS 99 - EMBASE 2,184
S - NDSL 156 - Cochrane library 3,186
T -KIST 3 - CINAHL 95
£ - RISS 257 - PsycINFO 1,133
‘G:: - SPORTDiscus 571
= |
Records after duplicates removed
(K =6,544)
(o)) A
=
5 Records screened
[ (K =6,544)
O
(]
v
Records screened
(K =148)
=
3
=) A
[ Studies included in qualitative synthesis
(systemic review)
(K=37)
A
E Studies included in quantitative synthesis
2 (meta-analysis)
2 (K=37)

A 4

Articles excluded (K = 111)

- Inappropriate subject (K = 14)

- Inappropriate comparison (K = 10)
- Inappropriate study design (K = 42)
- Additional intervention (K = 4)

- Not in English or Korean (K = 6)

- Not published article (K = 14)

- Not full-text article (K = 3)

- Improper outcomes (K = 14)

- Duplicate reports (K = 4)
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Table 1. Summary of Randomized Controlled Trials Examining Aerobic Exercise
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iiazr:?r: Mean age (yr) Intervention
No First author (yr) Country Gender - -
Duration Fre-  Time .
Exp. Cont. EG CG Types . Intensity
(weeks) quency (min)
1 Duncan (1985) USA 44 12 M All: 30.4 Walking, jogging 16 3 60 70~80 HRmax
2 Urata (1987) Japan 10 10 MW 514 51 Bicycle ergometer 10 3 60 40~60 VO2max
3a Hagberg (1989a) USA " 1 NA All: 64.3 Walking, jogging 37 3 50 50 VO2max
3b Hagberg (1989b) "1 11 70~85 VO2max
4a Kokkinos (1995a) USA 23 23 M 57 58 Cycling 16 3 60 60~80 HRmax
4b Kokkinos (1995b) 14 18 32
5 Tanaka (1997) USA 12 6 NA 47 49 Swimming 10 3 45 60 HRR
6 Cooper (2000) England 48 42 M/W 46 49 Walking 6 5 30 Moderate
7 Staffileno (2001) USA 9 9 W 57 62 Walking 8 5 50~60 50~60 HRR
8 Tsuda K (2003) Japan 8 8 M 46 49 Walking, Jogging 24 2 60 NA
9a Tsai (2004a) China 50 52 M/W 49 49 Walking, Jogging 6 3 50 60~70 HRmax
9b Tsai (2004b) 10
10 Sohn (2007) USA 8 10 M/W 47 42 Walking 26 5~7 30 NA
" Westhoff (2007) Germany 27 27 M/W 67 69 Treadmill exercise 12 3 30~36 NA
12 Westhoff (2008) Germany 12 12 M/W 66 68 Arm-cycling 12 3 30 NA
138 Guimaraes (2010a) Brazil 16 " M/W 50 47 Treadmill (supervised) 16 2 40 60 HRR
13b  Guimaraes (2010b) 16 1 45 47 Treadmill
(non-supervised)
14a  Knoepfli-Lenzin (2010a)  Switz- 15 17 M NA Football 12 3 60  75~85HRmax
14b  Knoepfli-Lenzin (2010b) erland 15 17 Running
15 Andersen (2010) Denmark 13 9 M 47 48 Football 12 2 60 80~90 HRmax
16a  Aminuddin (2011a) Malaysia 6 7 W 48 50 Treadmill exercise 4 2.4 45 70~80 HRR
16b  Aminuddin (2011b) 8
17a Molmen-Hansen (2011a)  Norway 25 25 M/W 53 51 Walking/running 12 3 38 90~95 HRmax
(interval)
17b Mocimen-Hansen 23 25 54 51 Walking/running 47 70 HRmax
(2011b) (continuous)
18 Kim NJ (2011) Korea 12 12 M 705 704 Dance 26 2 90 11~14 RPE
19 Dimeo (2012) Germany 24 26 M/W 63 68 Walking 8~12 3 NA NA
20a  Krustrup (2012a) Denmark 22 1" M All: 46 Football 24 2 60 85 HRmax
20b Krustrup (2012b) 22 11 12
21 Kwon 0S (2013) Korea 10 10 W 58 56 Aquarobic 12 3 60 12~13 RPE
22 Kim KH (2013) Korea 10 10 W 62 63 Senior aerobic exercise 8 3 60 Low
23 Sikiru et al (2014) Nigeria 112 105 M 59 58 Bicycle ergometer 8 3 45-60  60~79 HRR
24 Kim JH (2014) Korea 8 8 W 65 64 Traditional dance of 12 3 60 40~60 HRmax
Korea
25 Maruf (2014) Nigeria 60 60 NA 51 55 Aerobic dance 12 3 45 50~70 HRR
26a  Arca(2014a) Brazil 19 14 W NA Deep water running 12 3 50 50~60 HRR
26b  Arca (2014b) 19 14 Stationary cycling
27 Guimaraes (2014) Brazil 16 16 M/W 55 52 Walking inside the 12 3 60 11~13 RPE
pool
28a  Mohr (2014a) Faroe 21 20 W 44 45 Swimming 15 3 60 High
28b  Mohr (2014b) Island 21 20 46 45 Swimming Moderate
29 Limaetal (2017) Brazil 15 14 M/W 68 70 Treadmill exercise 10 3 55 NA
30 Kaholokula (2017) USA 27 28 M/W 55 55 Hula 12 2 20 40~85 VO2max
31 Motlagh (2017) Iran 39 39 M/W 54 54 Fasting walking 12 5 >30 40~60 HRR
32 de Barros Cruz (2017) Italy 28 16 M/W 54 52 Walking in heated 12 3 60 11~13 RPE
pool
33 Hong SK (2018) Korea 7 7 M 50 53 Fast walking and 12 4 60 60 HRmax
running
34 Izadi (2018) Iran 15 15 M/W All: 61 Ergometer cycle 6 3 45 85~90 HRR
35 Wong A (2018A) Korea 20 21 W 59 74 Stair climbing 12 4 NA 11~13 RPE
36 Wong A (2018B) Korea 52 48 W 74 73 Swimming 20 3~4  40~45 70~75 HRmax
37 He Letal (2018) China 23 23 W 58 57 Walking 12 3 60 45~50 VO2max

Cont. = Control group.; Exp. = Experimental group; HRmax = Maximal heart rate; HRR = Heart rate reserve; M = Men; RPE = Rating of perceived
exertion; VO2max = Maximum oxygen consumption; W = Women.
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way (1 article), Italy (1 article), and Faroe Islands (1 article). As
to participants’ gender, 10 studies (270%) included women only,
9 studies (24.3%) included men only, and 15 studies (40.5%) in—
cluded both women and men. Mean ages of the studies evenly
ranged from 30s to 70s.

Of aerobic exercise types, intervention used in the majority of
the studies was walking or running that included 20 studies
(54.1%) followed by water—based training (6 studies, 16.2%),
bike-riding (5 studies, 13.5%) and aerobic dance or dance (5
studies, 13.5%). Exercise intensity was assessed with % VO2max
(maximal oxygen consumption), % HRmax (maximal heart
rate), RPE (rating of perceived exertion), and % HRR (heart
rate reserve). Among the literature selected, 31 studies (83.8%)
provided exercise intensity and the rest did not (6 studies,
16.2%). As to number of exercise per week, three times weekly
(23 studies, 62.2%) was applied the most. Intervention duration
was applied variously between 4 weeks and 37 weeks although
twelve-week duration (17 studies, 46.0%) was used the most,
and 6 months duration or longer was even applied in six studies

(16.2%).
3. Assessing risk of bias of individual studies

As to risk of bias that may have occurred during randomiza—
tion, 7 studies (18.9%) were assessed as low risk, twenty—six
(70.3%) as some concerns, and four (10.8%) as high risk. For
deviation from the intended intervention, 21 studies (56.8%) were
assessed as low risk, fifteen (405%) as some concerns, and one
(2.7%) as high risk. As to bias in relation to missing outcome
data of study results, on the contrary, all of the studies were as—
sessed as low risk indicating no article of all had any omission
found. In the domain of measurement of the outcome, and selec—

tion of the reported result were assessed as low risk (Figure 2,

Selection of the reported result

Measurement of the outcome

Missing outcome data

Deviations from intended interventions 40.5

Randomization process - 70.3

0O 10 20 30 40 50 60 70 80 90 100
[ Lowrisk [ Some concerns M High risk

."

Figure 2. Risk of bias graph.
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Appendix 2).

4. Effects of aerobic exercise for hypertensive
patients

1) Systolic BP

Any article that included two different intervention methods
was regarded as two different studies for the analysis, which
made into 39 studies in total. The number of participants in ex—
ercise group was 958 and the number in controlled group was
855. Overall effect size of aerobic exercise intervention affecting
systolic BP of hypertensive patients was —8.29 mmHg (95% CI =
-10.12 to —646), which interprets to be statistically significant
(z= —886, p<.001) (Table 2, Figure 3A).

Effect sizes of different exercise types were —6.96 mmHg
(95% CI = —844 to —547) for walking or running, —14.78
mmHg (95% CI = -2078 to —8.78) for water—based training,
-6.16 mmHg (95% CI = -1040 to —1.91) for dance, and —9.37
mmHg (95% CI = —15.80 to —2.94) for bike-riding, and exer—
cise with the most dramatical change after intervention was wa—
ter—based training, but all of them were statistically significant
(Table 2).

As to exercise intensity, effect size was —2.93 mmHg (95% CI =
=725 to 1.39) for of low—intensity exercise, —8.97 mmHg (95%
Cl = —11.11 to —6.84) for moderate—intensity exercise, and
-6.85 mmHg (95% CI = —12.03 to —1.66) for vigorous—inten—
sity exercise, showing that effect size of low—intensity exercise
was statistically non—significant while ones of moderate— and
vigorous—intensity exercise were statistically significant, and ef-
fect size of moderate—intensity exercise was the greatest (Table
2).

Effect sizes depending on exercise frequency were —6.10
mmHg (95% CI = —8.83 to —3.37) for twice weekly, —9.16
mmHg (95% CI = —11.66 to —6.66) for three times weekly, and
-6.96 mmHg (95% CI = -9.27 to —4.64) for four or more
times weekly, which would indicate statistical significance (Table 2).

Effect size of each intervention duration was —3.04 mmHg
(95% CI = =514 to —=0.95) for 4~7 weeks, —9.12 mmHg (95%
Cl = -1409 to —4.16) for 8~11 weeks, —877 mmHg (95% CI =
—-11.06 to —649) for 12~23 weeks, and —8.24 mmHg (95% CI =
—-10.77 to —6.27) for 24 weeks or longer of exercise. The effect

sizes of all groups were statistically significant and duration of
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Table 2. Effect Size of Blood Pressure by Exercise Characteristics
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Systolic blood pressure

Diastolic blood pressure

Variables Study (k) EC(n) CG(n) Effectsize (95% Cl) (mmHg) Study (k) EC(n) CG (n) Effectsize (95% Cl) (mmHg)

Total 39 958 855 -829(-10.12to- 6.46) 39 958 855 -5.19(-6.24t0-4.14)
Exercise types

Walk or running 22 511 445 -6.96 (- 8.44 to - 5.47) 22 511 445 -4.96 (- 6.37 to - 3.54)

Water base training 6 137 110 - 1478 (- 20.78 to - 8.78) 6 137 110 -778(-885t0-6.71)

Dace 5 115 113 -6.16 (- 10.40to - 1.91) 5 115 113 - 3.65 (- 6.33t0o - 0.98)

Bike-riding 6 195 187 -9.37 (- 15.80to - 2.94) 6 195 187 -5.75 (- 7.54 to - 3.95)
Exercise intensity

Low 2 18 18 -293(-7.25t01.39) 2 18 18 -1.62(-3.521t00.28)

Moderate 22 608 538 -897(-11.11t0-6.84) 22 608 538 -575(-718t0-4.32)

Vigorous 9 241 202 -6.85(- 12.03t0 - 1.66) 9 241 202 -436(-594t0-2.79)
Exercise frequency

2 times/week 7 112 85 -6.10 (- 8.83 to - 3.37) 7 112 85 -438(-7.09to - 1.66)

3 times/week 26 716 645 -9.16 (- 11.66 to - 6.66) 26 716 645 -5.55(-6.87to - 4.23)

> 4 times/week 6 130 126 -6.96 (- 9.27 to - 4.64) 6 130 126 - 450 (- 6.80to - 2.20)
Exercise duration

4~7 weeks 114 104 -3.04(-5.14t0-0.95) 3 114 104 -3.58(-4.77t0-2.39)

8~11 weeks 7 234 220 -9.12 (- 14.09t0 - 4.16) 7 234 220 -542(-795t0-2.89)

12~23 weeks 22 522 454 -877 (- 11.06 to - 6.49) 22 522 454 -4, 84 (-6.40t0-3.28)

> 24 weeks 7 88 77 -824(-10.77t0-6.27) 7 88 77 5(-9.14t0-5.15)

Cont. = Control group; Exp. = Experimental group.

8~11 weeks showed the greatest effect size (Table 2).

2) Diastolic BP

Mean effect size of aerobic—exercise affecting diastolic BP of
hypertensive patients was —5.19 mmHg (95% CI = —6.24 to
—4.14), and was statistically significant (z = —9.69, p<.001) (Ta—
ble 2, Figure 3B).

Effect sizes of different exercise types were —4.96 mmHg
(95% CI = -6.37 to —3.54] for walking or running, —7.78
mmHg (95% CI = —885 to —6.71) for water—based training,
—-3.65 mmHg (95% CI = —6.33 to —0.98) for dance, and —5.75
mmHg (95% CI = —754 to —3.95) for bike—riding and all of
them had positive impact on reduction of diastolic BP (Table 2).

As to exercise intensity, effect size was —1.62 mmHg (95% CI =
—-352 to 0.28) for low—intensity exercise, —5.75 mmHg (95% CI =
—718 to —4.32) for moderate—intensity exercise, and —4.36
mmHg 95% CI = =594 to —2.79) for vigorous—intensity exer—
cise. Same as systolic BP, effect size of low—intensity exercise
was not statistically significant, and moderate—intensity exercise
intervention had the most impact on reduction of diastolic BP
(Table 2).

https://jkan.or.kr

Effect sizes depending on exercise frequency were —4.38
mmHg (95% CI = -709 to —1.66) for twice weekly, —5.55
mmHg (95% CI = —6.87 to —4.23) for three times weekly, and
—450 mmHg (95% CI = —6.80 to —2.20) for four times weekly,
suggesting that only twice of aerobic exercise weekly would still
have an effect on reducing diastolic BP (Table 2).

Effect size of each intervention duration was —3.58 mmHg
(95% CI = =477 to —2.39) for 4~7 weeks, —542 mmHg (95%
Cl = =795 to —2.89) for 811 weeks, —4.84 mmHg (95% CI =
—640 to —3.28) for 12~23 weeks, and —7.15 mmHg (95% CI =
-9.14 to —5.15) for 24 weeks or longer of exercise. The effect
sizes of all groups were statistically significant and duration of 24
weeks or longer had the most impact on lowering diastolic BP
(Table 2).

3) Heartrate

The number of studies that included effect size of heart rate
was thirty—one with 626 subjects in exercise group and 535 in
controlled group. Mean effect size of aerobic—exercise affecting
heart rate of hypertensive patients was —4.22 beats/min (95% CI =
—-5.36 to —3.09), and was statistically significant (z = —7.28,
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A Systolic blood pressure
Experimental Control
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Duncan JJ (1985) 44 -1240 5.83 12 -6.20 5.73 - -6.20 [-9.87;-253] 35%
Hagberg JM (1989a) 14 -20.00 19.00 9 -1.00 23.00 —+———— -19.00 [-37.02;-0.98] 0.8%
Hagberg JM (1989b) 10 -10.00 16.00 9 ~-1.00 23.00 B -9.00 [-27.00;9.00] 0.8%
Kokkinos PF (1995a) 23 -7.00 11.66 23 -1.00 10.26 —'-0— -6.00 [-12.35;0.35] 2.7%
Kokkinos PF (1995b) 14 -6.00 795 18 ~-1.00 12.18 ——f -5.00 [-12.00;2.00] 2.5%
Tanaka H (1997) 12 -6.00 14.90 6 -2.00 843 — T -4.00 [-14.80;6.80] 1.7%
Cooper AR (2000) 47 -282 9.10 39 0.57 9.80 = -3.39 [-7.42;064] 3.4%
Staffileno BA (2001) 9 -6.90 9.23 9 1.20 8.33 —— -8.10 [-16.22;0.02] 2.2%
Tsuda K (2003) 8 -10.00 8.91 8 1.00 6.60 —— -11.00 [-18.68;-3.32] 24%
Tsai JC (2004a) 52 -650 955 50 -500 10.82 P - 1.50 [- 5.47;2.47] 3.4%
Tsai JC (2004b) 52 -13.10 10.21 50 -3.60 14.31 - -950 [-14.34;-466] 3.1%
Sohn AJ (2007) 8 -13.30 354 10 -340 3.14 + -9.90 [-13.03;-6.77] 3.6%
Westhoff TH (2007) 24 -7.70 11.54 27 2.20 18.22 —u— -9.90 [-18.18;-1.62] 2.2%
Westhoff TH (2008) 12 -7.00 9.10 12 0.50 11.50 —— - 7.50 [- 15.80; 0.80] 2.2%
Guimaraes GV (2010a) 16 -7.00 8.60 11 -4.00 10.26 -'—0—— -3.00 [-10.38;4.38] 2.4%
Guimaraes GV (2010b) 16 -6.00 9.08 11 -4.00 10.26 e -2.00 [-9.52;5.52] 2.4%
Andersen LJ (2010) 13 -12.00 10.82 9 -500 7.00 — -7.00 [- 14.45;0.45] 2.4%
Molmen-Hansen HE (2011a) 25 - 12.00 10.67 25 -2.00 1249 — -10.00 [-16.44;-3.56] 2.7%
Molmen-Hansen HE (2011b) 23 -4.50 10.88 25 -200 1249 —— -2.50 [-9.11;4.11] 2.6%
Kim NJ (2011) 12 -10.83 15.44 12 -1.17 11.95 —— - 9.66 [-20.71;1.39] 1.6%
Dimeo F (2012) 24 -6.60 15.70 26 0.50 19.30 —:0—— -7.10 [-16.82;2.62] 1.9%
Krustrup P (2012a) 22 -13.00 9.00 11 -8.00 5.00 Ry -5.00 [-9.78;-022] 3.2%
Kwon OS (2013) 10 -13.12 9.38 10 -5.67 10.84 — - 745 [-16.34;1.44] 21%
Kim KH (2013) 10 -6.90 4.68 10 -160 341 — -530 [-889;-171] 3.5%
Sikiru et al (2014) 112 -13.94 6.95 105 261 7.85 : - 16.55 [- 18.53; - 14.57] 3.8%
Kim JH (2014) 8 -075 237 8 0.13 3.16 - -0.88 [-3.61;1.85] 3.7%
Maruf FA (2014) 60 -18.76 13.36 60 -8.82 14.86 —0— -9.94 [-15.00;-4.88] 3.1%
Arca EA (2014a) 19 -12.00 13.36 14 6.00 15.06 — -18.00 [-27.92;-8.08] 1.8%
Arca EA (2014b) 19 -12.00 11.66 14 6.00 15.06 — -18.00 [-27.47;-8.53] 1.9%
Guimaraes GV (2014) 16 -23.80 20.69 16 0.20 1540 —+——: -24.00 [- 36.64; - 11.36] 1.4%
Lima LG (2017) 15 -480 11.59 14 5.00 10.24 —a— -980 [-17.75;-1.85] 2.3%
Kaholokula JK (2017) 25 -19.80 16.50 23 -9.20 17.26 — -10.60 [-20.17;-1.03] 1.9%
Motlagh Z (2017) 39 -7.23 16.97 39 225 13.21 —0— -948 [-16.23;-2.73] 2.6%
de Barros Cruz LG (2017) 28 -26.70 18.38 16 020 14.74 —=— -26.90 [- 36.82; - 16.98] 1.8%
Hong SK (2018) 7 -2571 492 7 -20.71 1584 — -5.00 [-17.29;7.29] 1.4%
Izadi MR (2018) 15 -3.13 569 15 0.66 2.35 1 -379 [-6.91;,-067] 3.6%
Wong A (2018A) 20 -7.00 3.85 21 -1.00 3.94 -6.00 [-8.38;-362] 38%
Wong B (2018B) 52 -11.00 6.20 48 1.00 5.96 -12.00 [-14.38;-9.62] 3.8%
He LI (2018) 23 -830 457 23 220 4.3 . -10.50 [-13.02;-7.98] 3.7%
Random effects model 958 855 & -8.29 [-10.12; - 6.46] 100.0%
Heterogeneity: = 79%, t* = 21.78, p < 0.01 — L —
-30-20-100 10 20 3

Figure 3. Forest plots of the effects of aerobic exercise.

p<.001) (Figure 3C).

5. Heterogeneity of effect size and analysis of
moderator effects

Heterogeneity between the studies of systolic BP was F = 79%
(Q = 18305, p<.001) which indicates a high degree (Figure 3A).
Analysis results of moderator effects showed that exercise type
(Q=872, df =3, p= 033, R* = 24.1%) had impact on effect
size of systolic BP. Any of the other factors including exercise
intensity (Q = 3.10, df = 2, p = .212), frequency (Q = 1.27,
df =2, p = 529), and duration (Q =475, df =3, p = .191) was
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not statistically significant. As results of moderator analysis,
characteristic factors of patients such as gender (Q = 0.03,
p = .868), medication (Q = 046, p = 500), age (b =-0.12,
z=-119, p = .234) were also not statistically significant.
Heterogeneity among the studies including diastolic BP was
F=79% (Q = 18357, p<.001) which indicates a high degree of
heterogeneity (Figure 3B). Analysis results of moderator effects
showed that all exercise factors including exercise types
(Q =381, df = 3, p = 283), exercise intensity (Q =5.23, df =2,
p = 073), frequency (Q =092, df =2, p = 633), and duration
(Q=361, df =3, p=.307) had no impact on effect size of dia—
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B Diastolic blood pressure
Experimental Control
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Duncan JJ (1985) 4 -710 298 12 290 4.38 — -10.00 [-12.63; - 7.37] 3.2%
Hagberg JM (1989a) 14 -12.00 13.40 9 -200 1070 —#F——— -10.00 [-19.91;-0.091 0.9%
Hagberg JM (1989b) 10 -11.00 4.80 9 -200 1070 ——%—— -9.00 [-16.60; - 1.40] 1.3%
Kokkinos PF (1995a) 23 -500 569 23 200 4095 —0—-— -7.00 [-10.08;-3.92] 3.0%
Kokkinos PF (1995b) 14 -4.00 4.95 18 1.00 4.95 — -5.00 [-8.46;- 1.54] 2.8%
Tanaka H (1997) 12 -500 9.62 6 -3.00 5.50 — -2.00 [-9.00;5.00] 1.4%
Cooper AR (2000) 47 -185 6.20 39 091 7.70 7 - 276 [- 5.76; 0.24] 3.1%
Staffileno BA (2001) 9 -340 7.01 9 1.20 8.1 — T -460 [-11.60;2.40] 1.4%
Tsuda K (2003) 8 -6.00 4.12 8 -1.00 9388 — -500 [-1242;242] 1.3%
Tsai JC (2004a) 52 -320 520 50 130 4.58 . 3 -450 [-6.40;-260] 3.6%
Tsai JC (2004b) 52 -630 580 50 4.00 4.8 - -10.30 [-12.32;-8.28] 3.5%
Sohn AJ (2007) 8 -710 224 10 090 202 - -8.00 [-10.00; -6.00] 3.5%
Westhoff TH (2007) 24 -430 6.35 27 230 9.23 — -6.60 [-10.91; - 2.29] 2.4%
Westhoff TH (2008) 12 -590 7.40 12 370 8.10 —a— -9.60 [-15.81;-3.39] 1.7%
Guimaraes GV (2010a) 16 -3.00 6.27 1 -3.00 7.87 —— 0.00 [-5.57;557] 1.9%
Guimaraes GV (2010b) 16 -4.00 5.69 11 -3.00 7.87 s -1.00 [-6.42;442] 1.9%
Andersen LJ (2010) 13 -7.00 3.61 9 -3.00 449 —— -4.00 [-753;-047] 28%
Molmen-Hansen HE (2011a) 25 -8.00 6.10 25 -2.00 7.98 —a— -6.00 [-9.94;-206] 26%
Molmen-Hansen HE (2011b) 23 -3.50 5.83 25 -200 798 — -1.50 [- 5.43;243] 2.6%
Kim NJ (2011) 12 -1258 8.73 12 009 370 —=%— -12.67 [-18.03;-7.31] 2.0%
Dimeo F (2012) 24 -270 8.00 26 -0.60 11.00 —‘—0—— -2.10 [- 7.40; 3.20] 2.0%
Krustrup P (2012a) 22 -8.00 5.00 11 -3.00 3.00 = -5.00 [-7.74;-226] 3.2%
Kwon OS (2013) 10 -1044 6.93 10 -522 791 —_— -5.22 [- 11.74; 1.30] 1.6%
Kim KH (2013) 10 -340 212 10 -0.70 2.16 i -270 [-458;-0.82] 3.6%
Sikiru et al (2014) 112 -741 626 105 -1.07 1.76 : -6.34 [-7.55;-513] 3.9%
Kim JH (2014) 8 -062 143 8 013 146 I -0.75 [-2.16;0.66] 3.8%
Maruf FA (2014) 60 -898 984 60 -560 3.79 4—0— -3.38 [-6.05-0.71 3.2%
Arca EA (2014a) 19 -200 9.03 14 3.00 10.41 — -5.00 [-11.80;1.80] 1.5%
Arca EA (2014b) 19 -500 6.73 14 3.00 10.41 — -8.00 [-14.24; - 1.76] 1.7%
Guimaraes GV (2014) 16 -590 11.19 16 0.80 7.31 — -6.70 [-13.25;-0.15] 1.6%
Lima LG (2017) 15 -450 4.23 14 1.80 6.19 —— -6.30 [-10.19; - 2.41] 2.6%
Kaholokula JK (2017) 25 -6.10 850 23 -350 11.51 —-—0—— -2.60 [-8.36;3.16] 1.8%
Motlagh Z (2017) 39 -3.05 852 39 146 6.43 —— -451 [-7.86;-116] 2.9%
de Barros Cruz LG (2017) 28 -710 1.76 16 070 1.75 : -7.80 [-888;-6.72] 3.9%
Hong SK (2018) 7 -843 6.81 7 -572 596 —_— T -271 [-9.42; 4.00] 1.5%
Izadi MR (2018) 15 -213 258 15 093 240 = -3.06 [-4.84;-128] 3.6%
Wong A (2018A) 20 -3.00 335 21 0.00 343 R -3.00 [-5.07;-093] 3.5%
Wong B (2018B) 52 -9.00 540 48 0.00 5.18 - -9.00 [-11.07;-6.93] 3.5%
He LI (2018) 23 -110 334 23 080 280 e -1.90 [-3.68;-0.12] 3.6%
Random effects model 958 855 <> -519 [-6.24; - 4.14] 100.0%
Heterogeneity: = 79%, t* = 7.08, p < 0.01 Tt
-10 0 10
Figure 3. Continued.

stolic BP. Also, all patient characteristic factors such as gender
(Q =327, p = 071), medication (Q =2.84, p = 092), age
(b=-001, z=-0.19, p = .847) were not statistically significant.

Studies including heart rate had moderate heterogeneity with
F=60% (Q=7557, p<.001) (Figure 3C). Analysis results of
moderator effects showed that all factors including exercise types
Q=274, df = 3, p = 434), intensity (Q =070, df = 2, p = 703),
frequency (Q = 0.94, df = 2, p = 625), duration (Q = 6.64,
df = 3, p = .084), gender (Q = 0.03, p = .866), medication
(Q =000, p=.998), and age (b=-009, z=-140, p = .163)

were not statistically significant.

https://jkan.or.kr

6. Publication bias

Systolic BP, diastolic BP and heart rate were all symmetrically
distributed (Appendix 3). The results of Egger’s regression were
bias = 0.22 (t = 0.32, df = 37, p = 748) in systolic BP, bias = 0.18
(t =0.26, df =37, p = 795) in diastolic BP, and bias = —0.59
(t=-100, df = 29, p = .325) in heart rate, which suggests there

was no bias among the test items.
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C Heartrate
Experimental Control
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Duncan JJ (1985) 41 -850 9.96 11 -050 6.13 — -8.00 [-12.73; - 3.27] 3.1%
Urata H (1987) 10 -1.90 5.09 10 -2.10 5.61 —— 0.20 [- 4.50; 4.90] 3.1%
Hagberg JM (1989a) 14 -13.00 7.29 9 1.00 429 —+— -14.00 [- 18.74; - 9.26] 3.1%
Hagberg JM (1989b) 10 -800 635 9 100 429 B -9.00 [-13.83; - 4.17] 3.0%
Kokkinos PF (1995a) 23 -2.00 6.85 23 2.00 6.85 — -4.00 [-7.96;-0.04] 3.7%
Tanaka H (1997) 12 -10.10 943 6 -170 880 ——7 -840 [-17.23;043] 1.3%
Tsuda K (2003) 8 -1.00 5.99 8 -200 7.98 —_— 1.00 [- 5.91; 7.91] 1.9%
Tsai JC (2004a) 52 1.80 8.51 50 160 8.96 —i— 0.20 [- 3.19; 3.59] 4.2%
Tsai JC (2004b) 52 -220 7.35 50 220 891 —— -440 [-7.58;-1.22] 4.4%
Westhoff TH (2008) 12 -1.20 8.60 12 1.90 9.50 —'-'—— -3.10 [-10.35;4.15] 1.8%
Guimaraes GV (2010a) 16 -2.00 6.37 11 -1.00 5.33 i -1.00 [- 5.43; 3.43] 3.3%
Guimaraes GV (2010b) 16 -2.00 8.81 11 -1.00 533 —— -1.00 [- 6.34; 4.34] 2.7%
Knoepfli-Lenzin C (2010a) 15 -7.00 8.47 17 -6.00 6.09 — -1.00 [- 6.17; 4.17] 2.8%
Knoepfli-Lenzin C (2010b) 15 -9.00 4.93 17 -6.00 6.09 —= -3.00 [- 6.82; 0.82] 3.8%
Andersen LJ (2010) 13 -12.00 7.21 9 100 685 —%— -13.00 [- 18.95; - 7.05] 2.4%
Aminuddin A (2011a) 6 -4.00 3.75 7 3.00 7.13 —'— -7.00 [-13.07; - 0.93] 2.3%
Aminuddin A (2011b) 6 -4.00 3.75 7 3.15 7.15 — - 715 [-13.24; - 1.06] 2.3%
Molmen-Hansen HE (2011a) 25 -3.70 5.97 25 0.30 5.80 —— -4.00 [-7.26;-0.74] 4.3%
Molmen-Hansen HE (2011b) 23 -0.20 5.64 25 0.30 5.80 — -0.50 [- 3.74; 2.74] 4.3%
Krustrup P (2012a) 22 -8.00 11.00 11 -3.00 9.00 — -5.00 [-12.03;2.03] 1.9%
Krustrup P (2012b) 22 -7.00 7.84 11 0.00 6.85 —'—‘— -7.00 [-12.21;-1.79] 2.8%
Kim KH (2013) 10 -1210 7.55 10 -4.20 8.80 — -7.90 [-15.09; - 0.71] 1.8%
Guimaraes GV (2014) 16 -3.60 13.07 16 1.70 10.75 —_— -5.30 [- 13.59; 2.99] 1.5%
Mohr M (2014a) 21 -500 6.98 20 -3.00 6.81 — -2.00 [- 6.22; 2.22] 3.5%
Mohr M (2014b) 21 -500 970 20 -3.00 6.81 ; -2.00 [-7.11; 3.11] 2.8%
de Barros Cruz LG (2017) 28 -3.30 240 16 160 2.86 —— -490 [-6.56; - 3.24] 5.8%
Hong SK (2018) 7 -629 506 7 -272 778 — -357 [-1045331] 19%
Izadi MR (2018) 15 -2.06 1.09 15 -020 3.25 ] -1.86 [-3.59;-0.13] 5.7%
Wong A (2018A) 20 -200 341 21 000 349 - -200 [-411;0.11] 5.4%
Wong B (2018B) 52 -7.00 10.98 48 1.00 10.55 — -8.00 [-12.22; - 3.78] 3.5%
He LI (2018) 23 -360 224 23 150 3.05 | -5.10 [-6.65; - 3.55] 5.9%
Random effects model 626 535 S -4.22 [-5.36; - 3.09] 100.0%
Heterogeneity: = 60%, ©* = 5.09, p < 0.01 —T —T
-15-10-50 5 10 15
Figure 3. Continued.

DISCUSSION

In order to examine closely the effects of aerobic—exercise in—
tervention on BP and HR of patients with hypertension, in this
study, a systematic review and meta—analysis have been per—
formed. The total number of studies included in the systematic
review was thirty—seven, which represent that a considerable
number of studies of effects of aerobic exercise on hypertensive
patients have consistently been conducted. Especially articles
published after 2010 comprised 67.6% of all the studies selected,
and this suggests that studies of effects of aerobic exercise on
hypertensive patients have aggressively been carried out in re—
cent years. Regarding types of aerobic exercise, exercise includ—
ing walking and running made up more than half at 54.1%.
Bérjesson et al’s [12] systematic review including 27 studies and

of Whelton et al’s [16] study for meta—analysis reported similar
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results to our study. It is presumably because those types of ex—
ercise can be simply prepared, cost—efficiently used and easily
accessed [23]. Another feature found in the systematic review
was that participants of more than half ie. four out of 6 studies
of water—based training were women—only, and no studies with
men—only participants have been found. Water—based training
was the most effective in reducing blood pressure, but it was only
for women, so it is necessary to investigate whether there is a
difference by gender. Also, participants of three out of 5 studies
of dance were elderly or women. Such findings suggest that
types of exercise applied differs depending on the characteristics
of participants. Although our results show effect size of BP was
different by types of exercise, all types of aerobic exercise were
found to be effective to lower BP, and therefore it would be de—
sirable for an optimal type of aerobic exercise to be recom—

mended to hypertensive patients considering their preference.
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Over two—thirds of the literature selected in this study used
moderate—intensity exercise that accorded with Bérjesson et al’s
[12] study that reported a majority of literature applied moder—
ate—intensity intervention. This is presumably because ACSM
generally recommends its moderate—intensity to patients with
hypertension rather than prohibiting aerobic exercise. But vigor—
ous—intensity exercise was also effective, so it may recommended
with considering the risk to benefit ratio.

Effect sizes of systolic and diastolic BP after aerobic exercise
were —8.29 mmHg and —5.19 mmHg respectively, similarly to
some preceding studies [13,14] that performed meta—analysis of
aerobic—exercise effects on BP. Aerobic exercise may decrease
BP by reducing sympathetic activation, vasoconstrictor tone of
the vascular endothelial cells and cardiac output, and increasing
vessel diameter, which would lead to reduction of peripheral vas—
cular resistance [24,25].

In regards to types of exercise, all types of aerobic exercise
including bike-riding, dance, walking/running, and water—based
training helped lower both systolic and diastolic BP. The finding is
meaningful that all types of aerobic exercise had effects on re—
duction of BP. In order to induce continuous and active participa—
tion in aerobic exercise, various environmental factors such as
provision of exercise information, removal of exercise obstacles,
and consideration of individual differences must be considered,
but the autonomy of individuals participating in exercise, that is,
self-determination, is an important factor. The group who chose
the preferred type of exercise, that is, the group with high
self-determination, perceived exercise positively, had high exer—
cise persistence, and had a high physical and physiological effects
[26]. Therefore it would be advisable, based on scientific ground,
to provide selections of various aerobic—exercise types depending
on each patient’s preference, For example, a patient who is a se—
nior or has a joint health problem is recommended to try wa—
ter-based training rather than walking or running that can put
stress on weight-bearing joints. Regular aerobic exercise help
lower BP, and accordingly it is very important to generate ex—
citement about the exercise. In other words, patients’ engage—
ment rate would increase by suggesting their preferred type of
aerobic—exercise intervention to each individual [27].

As to effect size by exercise intensity, low—intensity aerobic

exercise had no impact on reduction of systolic and diastolic BP,
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whereas moderate— and vigorous—intensity had an effect. Mod—
erate—intensity exercise for hypertensive patients also is recom—
mended by ACSM. But the results differ from ones of Whelton et
al. [16] that low—, moderate— and vigorous—intensity exercises
were all effective to lower BP. In this study [16], only 19 out of
47 studies were subject to hypertension. And when analyzing the
difference in BP according to exercise intensity subgroup, it was
not mentioned how many hypertensive participants were included.
Therefore, it is not recommendable that low—intensity aerobic
exercise is effective in hypertensive patients.

In terms of effect size by exercise frequency, each group who
performed exercise twice, three times, or four times or more per
week had the benefit of lowering systolic and diastolic BP al—
though intergroup differences were statistically non—significant.
Amount of exercise is associated with the product of frequency,
intensity, and time [8]. Unexpectedly, participants who performed
exercise twice weekly were found to have effect size as large as
ones of groups who participated in exercise three or four times
weekly. This is presumably because two-thirds of articles in
twice—a—week groups performed vigorous—intensity exercise.

As to effect size by exercise duration, both systolic and dia—
stolic BP significantly decreased in all groups, and aerobic exer—
cise that lasts more than about 8 weeks may have a better anti—
hypertensive effect. These results correspond to ones of the
preceding studies that represented BP would begin to decrease
6~8 weeks following onset of exercise [28]. But, our results were
different from Cao et al. [17] that compared three groups of ex—
ercise duration divided into less than 8 weeks, 8~12 weeks, and
more than 12 weeks, with results that group of less than 8
weeks had the largest decrease in BP, and longer duration led to
smaller blood—pressure-lowering effects. However, Cao et al. [17]
pointed out their limitation that very small number of literatured
was only included for analysis.

Thus, selected exercise according to individual's preference
should be regularly performed for 8 weeks or longer three times
weekly with moderate—intensity or twice weekly with vigor—
ous—intensity in order to maximize effects of aerobic exercise on
BP.

Mean effect size of heart rate following aerobic exercise was
—4.22 beats/min, which showed aerobic exercise helped to de—

crease heart rate. Although there have been a considerable num—
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ber of individual studies regarding effects of aerobic exercise on
heart rate of hypertensive patients, only one of them has co—
nucted meta—analysis, and its result showed the effect size was
—4.94 beats/min [17], which corresponded to our analysis results.
Higher heart rate is linked with cardiovascular disease as well as
hypertension, and therefore it would be very meaningful result
that aerobic exercise decreased heart rate of patients with hy—
pertension [29]. Sympathetic activity, in particular, that com—
monly occurs in hypertensive patients may be controlled and
parasympathetic nervous system may be activated, which would
result in heart rate deceleration [30].

There have been a number of studies that performed me-
ta—analysis depending on categories of exercise (e.g. aerobic ex—
ercise, strength exercise, and complex exercise), but only few
studies verified the effects based on classified variables including
types, intensity, frequency and duration of aerobic exercise. In
this light, our study that computed each effect size depending on
aerobic exercise characteristics has implications. Our findings will
be the basis of intervention for patients with hypertension who
can select any preferred type of aerobic exercise among walking,
running, bike-riding, dance, swimming or aquarobic, etc. It is
also expected that this results will be a guidance of interventions
or studies of aerobic exercise for hypertensive patients.

Our study has several limitations. First, this study included ar—
ticles published in Korean or English only, and therefore studies
that would possibly reflect characteristics of participants from
other cultural areas may have unfortunately been left out. Sec—
ond, there were only two articles that included low—intensity ex—
ercise, and so direct comparison of effect sizes was restricted
unlike moderate— or vigorous—intensity exercise. Third, although
RCTs were only included, effect—size heterogeneity of exercise
types, intensity, frequency and duration was measured to be
moderate or higher. Therefore, the results should be interpreted
with caution. Still, our results are considered highly reliable be—
cause RCT studies with considerable quality of evidence were
only selected in this study and any publication bias was not iden—

tified.

CONCLUSION

This results showed that aerobic exercise had impact on re—
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duction of BP and HR of hypertensive patients. It is recommended
to select an exercise according to the individual's preference, but
if there is no preference, water—based exercise with the greatest
drop in blood pressure can be more recommended. Although
vigorous—intensity exercise was effective in lowering blood pres—
sure, the risk to benefit of hypertensive patients should be con—
sidered when performing vigorous—intensity exercise. Frequency
is recommended to perform 3 times per week or 2 times with
vigorous—intensity. Also it is effective to keep the period longer
than 8 weeks. In conclusion, aerobic exercise can be recom—
mended in a variety of clinical settings to lower BP and HR in

hypertensive patients.
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Appendix 2. Assessment result of risk of bias in included studies Appendix 3. Funnel plot of the effects of SBP, DBP and HR
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