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1 | INTRODUCTION

Hypertension is a major worldwide public health concern because

of its high prevalence and concomitant risk of cardiovascular and

Abstract

The study aims to evaluate the effectiveness of different durations of aerobic ex-
ercise on hypertensive patients. Four electronic databases (PubMed, Embase,
Cochrane Library, and Web of Science) were searched from their inception until July
2018. English publications and randomized controlled trials involving aerobic exercise
treatment for hypertensive population were included. Two reviewers independently
extracted the data. The Cochrane's Risk of Bias tool was used to assess the quality of
included studies. In this systematic review, a total of 14 articles were included, involv-
ing 860 participants. The quality of the included studies ranged from moderate to
high. The results of the meta-analysis showed that compared with the control group,
significant effects of aerobic exercise were observed on reducing systolic blood
pressure (SBP) (mean difference [MD] = -12.26 mm Hg, 95% confidence interval
[CI] = -15.17 to -9.34, P < 0.05), diastolic blood pressure (DBP; MD = -6.12 mm Hg,
95% Cl = =7.76 to -4.48, P < 0.05), and heart rate (MD = -4.96 bpm, 95% Cl = -6.46
to -3.43, P < 0.05). In addition, significant reductions were observed in ambulatory
DBP (MD = -4.90 mm Hg, 95% CI = -8.55 to -1.25, P < 0.05) and ambulatory SBP
(MD = -8.77mm Hg, 95% Cl = -13.97 to -3.57, P < 0.05). Therefore, aerobic exercise
might be an effective treatment for blood pressure improvement in hypertensive
patients. However, the effectiveness between the duration of different treatment

needs to be well-designed and rigorous studies will be required to verify the dataset.

kidney disease. In addition, hypertension is frequently associated
with diabetes mellitus, dyslipidemia, and obesity, which lead to neg-
ative outcomes, such as stroke, myocardial infarction, renal failure,
atherosclerosis, and heart failure.>? In 2015, roughly 1.13 billion in-

dividuals were affected by hypertension worldwide,® and it has been
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estimated that in 2025, ~1.56 billion individuals will be affected by
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hypertension.* It has previously been shown by major pharmaco-
logical trials that it is a challenge for single-drug therapy to control
and maintain the blood pressure of hypertensive patients within
the normal range, and in only 25%-62% of patients proper control
is achieved.” In order to control the blood pressure, many individuals
require treatment with more than one antihypertensive drug, how-
ever, such practice increases the financial burden and may generate
side effects.® Therefore, inexpensive, safe, and strategies that can
be easily implemented are of utmost importance for the prevention
of hypertension.

Aerobic exercise (AE) has proven to be an effective nonphar-
macological method to treat and prevent coronary artery dis-

9,10 and

ease,” cardiovascular disease,? type 2 diabetes mellitus,
hypertension. Moreover, it has been widely recommended by
both European and American hypertension guidelines that AE
can be used as an adjunct to the treatment of hypertension.11
In previous studies, it has been demonstrated that AE produces
the positive effects on systolic blood pressure (SBP) and diastolic
blood pressure (DBP).12'16 Furthermore, increasing evidence has
indicated that AE has favorable effects on cardiovascular risk
factors, cardiac autonomic function, and endothelial pathophys-
iology in individuals with hypertension.'”*® Joint guidelines from
the American Heart Association (AHA) and American College of
Sports Medicine (ACSM) have recommended moderate-intensity
AE for a minimum of 30 minutes per day, 5 days a week or vigor-
ous-intensity AE for a minimum of 20 minutes per day, 3 days a
week.'? However, the duration of different exercises has differ-
ent effects on the treatment outcome of hypertension patients.20
Therefore, it is of importance to further discuss which type of ex-
ercise and which duration can produce optimal treatment effects
in hypertension patients.

Considering the potential benefits of AE on health out-
comes, such as blood pressure and heart rate, we performed a
comprehensive systematic review to evaluate the effectiveness
of AE in hypertensive patients and analyzed the relationship be-
tween changes in blood pressure and the duration of exercise,
so as to provide reliable clinical evidence for the treatment of

hypertension.

2 | METHODS AND MATERIALS

2.1 | Search strategy

PubMed, Embase, Cochrane Library, and Web of Science databases
were searched from inception until July 2018. Our search was not
restricted based on the basis of publication type, or year of pub-
lishing. The search terms and basic search strategy were as follows:
(hypertension OR “high blood pressure” OR “hypertensive”) AND
(“aerobic exercise” OR “aerobic sport” OR “aerobic sports” OR “aero-
bic exercises” OR “endurance exercise” OR “endurance exercises”)
AND random*. In addition, to ensure a comprehensive data collec-
tion, references of relevant reviews were searched manually to iden-

tify additional eligible studies.
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2.2 | Study selection

Two reviewers (CLJ and LR) independently reviewed the title and
abstracts of initially selected studies. The full texts of articles
were retrieved if there was any doubt about inclusion of the study.
Disagreements were resolved through discussion or by consulting
a third reviewer (LXX). Studies were included if the following cri-
teria were met: (a) randomized controlled trials (RCT); (b) enrolled
participants between the ages of 30 and 85 years, who were diag-
nosed with hypertension based on clinical and laboratory studies
(SBP = 140 mm Hg and DBP = 90 mm Hg), not accompanied by other
metabolic or cardiovascular diseases, no alcohol use and nonsmok-
ing, able to voluntary join exercise; (c) the exercise group only per-
formed regular AE and the control group did not receive any type
exercise, and participants in neither group received any type of spe-
cial intervention, such as an improved diet or a change in lifestyle; (d)
the study included at least one type of quantitative outcome data
(blood pressure, heart rate, ambulatory pressure blood, or quality
of life). The exclusion criteria were as follows: (a) the study included
too little information or data could not be obtained, such as review
articles, editorials, comments, and protocols; (b) duplicate reports of

the same study.

2.3 | Data extraction and quality assessment

After selecting studies based on the inclusion and exclusion cri-
teria, two reviewers (LMX and CLJ) independently conducted the
data extraction by using a self-developed data extraction form. In
case of any disagreement between the two reviewers, a final deci-
sion was obtained by consensus after discussion and consultation
with a third reviewer (YPJ). General information about the study
included the following: (a) basic character of the included research
object (author, publication year, study country, the participant num-
bers in the aerobic group and control group, duration of follow-up);
(b) general demographic characteristics (gender ratio, heart rate,
body mass index [BMI], and SBP and DBP at baseline and at the
end of study); (c) intervention group and control group of time and
intensity of exercise. If the information present was unclear or if
information was missing, the corresponding author of the study was
contacted via email.

Two reviewers (LR and CLJ) independently assessed the quality
of included studies. Risk of bias was assessed for each study, and

T,2422 which

included using the Cochrane Risk of Bias Tool for RC
evaluated seven sources of bias, including randomization, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, completeness of outcome data, selective out-
come reporting, and other potential bias. Each study was examined
based on the above seven aspects and subsequently judged as being
low risk, high risk, or unclear risk. Studies that were scored as high
risk of bias for more than one key domain were considered as high
risk of bias. In addition, studies that were scored as low risk of bias
for all key domains were considered as low risk of bias. In all other

cases, studies were considered to have an unclear risk of bias.?®
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2.4 | Statistical analyses

Blood pressure (SBP, DBP) and heart rate were considered primary
outcomes of the study, and ambulatory blood pressure and quality
of life were considered secondary outcomes. Statistical analysis was
performed by Cochrane Review Manager (RevMan 5.3) software
(Cochrane). For continuous outcomes, the mean difference (MDs) and
95% confidence intervals (Cls) were calculated. P < 0.05 was consid-
ered statistically significant. Heterogeneity between studies was as-
sessed using the Higgins I test and P values. If P < 0.05 and I? > 50%,
the random effects model was selected to calculate the pooled ef-
fective size. In other cases, the fixed-effects model was employed.
Potential moderating factors of SBP/DBP were evaluated by subgroup

analysis, and publication bias was tested by funnel plot analysis.

3 | RESULTS

3.1 | Literature selection

Based on the search strategy, a total of 16 553 studies were selected
from the initial database search. Of those studies, 5356 studies were
excluded because of duplication, therefore 11 192 studies were
selected for further analysis. By screening of titles and abstracts,
10 751 studies were excluded. After reading the full text of the re-
maining 446 studies, another 433 were excluded, which included
review articles and guidelines (n = 45), nonrandomized trials (n = 31),
other intervention studies (n = 136), studies with no mention of

subjects with hypertension (n = 131), other outcomes (n = 79), and

studies from which obtain related data could not be obtained (n = 5).
Finally, a total of 14 studies were included in the meta-analysis.
The detailed flowchart showing screening process is presented in

Figure 1.

3.2 | Study characteristics

Table 1 shows the main characteristics of all included studies. The
14 included studies involved a total of 860 hypertensive patients
were enrolled, and the sample size of the included studies ranged
from 16 to 217, including 444 cases in the aerobics group and 416
cases in the control group. The included fourteen studies were
published between 1985 and 2018. In one study, only female par-
ticipants were enrolled, in one study only male participants were
enrolled, and in seven studies, both male and female participants
were enrolled. The mean age of the subjects ranged between
39.67 and 83.4 years of age. In 13 study groups, the baseline BMI
was reported, which ranged from 22.48 to 29.6 kg/mz, 12 study
groups reported SBP and DBP at baseline, and the SBP at base-
line ranged from 130.3 to 170.45 mm Hg and the DBP at baseline
ranged from 67.5 to 95.2 mm Hg. The duration of intervention
ranged from 40 minutes to 6 months. Regarding nationality, pa-
tients included in both the AE group and control group were mainly
from Germany, Iran, Taiwan, Ibadan, Japan, and Nigeria. Most par-
ticipants in the control groups were instructed not to change their
usual lifestyle, including physical activity. The duration of exercise
training in the 13 studies was <8, 8-12, and >12 weeks. Among

them, 3 studies had an exercise duration of <8 weeks, in 8 studies,

c
..9_ Records identified through Additional records identified
_g database searching through other sources
’.E', (n =16553) (n=0)
)
=
A A4
Records after duplicates removed
(n=11192)
8o
=
]
g A
@ Records screened Excluded based on
screening of titles or abstracts
(n=10751) Full-text articles excluded, with
reasons (n =446)
() Non-randomised trials :( n=31)
No subjects in
o v hypertension :( n=131)
2 iew: Guidelines :( n=
3 Full-text articles assessed for RE\{IEW, Gu@ellnes {( n=45) .
® eligibility No intervention of sole aerobic
] | exercise in exercise group (n=112)
(n=446) B
No match’s outcomes: (n=79)
Data incompleteness: (n=5)
— Included other intervention in
— control group: (n=24)
kA Articles included in the
3 meta-analysis
g (n=14)
FIGURE 1 Flow diagram regarding
— the article selection for the meta-analysis
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TABLE 1 Characteristics of studies included in the meta-analysis

Study name Year Country Group
Farahani, A.V.* 2010 Iran AE
Control
Molmen-Hansen, H.E.%¢ 2012 Norway AE
Control
Maruf. F.A.a%8 2013 NA AE
Control
Maruf,.F.A.b*° 2014 Nigeria AE
Control
Tsai, J.C.1? 2004 China AE
Control
He, L2 2018 China AE
Control
Masroor, .1 2018 India AE
Control
Dimeo, F.13 2012 Germany AE
Control
Westhoff, T.H.* 2008 Germany AE
Control
Lima, L.G.* 2017 Brazil AE
control
Sikiru, L.#? 2014 Nigeria AE
Control
Oliveira, J.% 2016 Portugal AE
Control
Tsuda, K.*3 2003 Japan AE
Control
Duncan, J.%* 1985 American AE

WILEY—-

Number of sub-

Age jects (AE/C) BMI, kg/m? Follow-up
48.33 £ 10.74 (12/28) 2744 +4.27 10 wk
46.96 +11.58 28.06 + 3.51
52.50 £ 7.40 (25/25) 26.8 + 4.10 12 wk
51.30 £ 9.20 28.80 + 3.7
50.80 +8.31 (53/50) 2740+ 4.96 12 wk
54.75 + 8.56 25.39 +4.61
50.80 + 8.31 (45/43) 27.45 £ 4.99 12 wk
54.75 + 8.56 25.41 + 4.70
48.80+6.3 (52/50) 23.6+1.8 10 wk
49.30+7.2 23.8+2.2
58.0 +2.0 (20/22) 2741211 12 wk
57.0+2.0 27.65 + 2.61
39.67 +4.10 (15/13) 29.6+4.4 4wk
41.54 +4.25
62.80+8.1 (22/25) 28944 8-12 wk
67.90 £ 6.2 299 +4.7
66.10 £ 4.4 (12/12) 28.6 £ 4.4 12 wk
68.40+9.1 26.5+3.0
67.80+4.3 (15/14) 28.9 +3.5 10 wk
69.90+5.5 27.6 +34
58.63+7.22 (112/105) 22.48 +2.89 8 wk
58.27 + 6.24 2416 +4.91
83.40+3.2 (9/9) 28.5+2.0 40 min
82.70+2.5 28.0+2.5
46.2+1.4 (8/8) 25.2+0.8 6 mo
490+5.1 249 +1.1
21-37 (mean: 56 NA 16 wk

30.4)

Abbreviations: AE/C: aerobic exercise/control groups; AE: aerobic exercise; BMI: body mass index.

the exercise duration was between 8-12 weeks, and in two stud-
ies, the exercise duration was more than 12 weeks. No significant
differences in baseline age and BMI were observed between the

aerobics group and the control group.

3.3 | Risk of bias

Figure 2 presents the summary of the risk of bias for each included
study. For the item of “random sequence generation,” five studies
used the methods of proper generation with a low risk of bias, three
included studies were scored as unclear risk of selection bias, and in
seven studies, only randomization was mentioned without any clari-
fication of the procedures performed. Concealment of allocation to
group was unclear in 12 studies. For outcome blinding, five studies
adopted a single-blind method to evaluate the intervention meas-
ures. Because of objective outcome measures, outcome data were
considered low risk in 13 studies.

3.4 | Meta-analysis

3.4.1 | Blood pressure analysis

In a total of 13 studies (757 samples) blood pressure of partici-
pants was reported. The results of the meta-analysis showed that,
compared with the control group, SBP and DBP were significantly
reduced in the AE group, and the pooled MD was -12.26 mm Hg
(95% Cl: -15.17 to -9.34, P < 0.05) and -6.12 mm Hg (95% ClI:
-7.76 to -4.48, P < 0.05), respectively. Subgroup analysis of
the SBP showed that according to the exercise duration of the
AE group using the random effects model (Figure 3), signifi-
cant differences were observed between groups at <8 weeks,
8-12 weeks, and more than 12 weeks, the pooled MD was
-16.66 mm Hg (95% Cl: -18.55 to -14.76, P < 0.05), -11.74 mm Hg
(95% Cl: -15.94 to -7.54, P < 0.05), and -8.84 mm Hg (95% Cl:
-13.52 to -4.15, P < 0.05), respectively. Subgroup analysis of the
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B 3.4.3 | Ambulatory blood pressure
8
§ R In two studies,*>%¢ the ambulatory blood pressure was addressed
™ g é as a specific outcome. The meta-analysis of 97 participants indi-
% % 5 cated that AE reduced ambulatory SBP and ambulatory DBP with
c = —
i<} ::@ ;:" 3 @ a pooled MD -8.77 mm Hg (95% Cl = -13.97 to -3.57, P < 0.05) and
5] © + 8
2 4 g ﬁ 2 > -4.90 mm Hg (95% Cl = -8.55 to -1.25, P < 0.05), respectively, when
= o
‘Z’ % g 5 = g compared with individuals who did not receive exercise intervention
S a £ £ o
E § ° a & 1% (Figure 6).
5 £ 5 & = %
& S £ § ° 9
P = & © 0 =
8 s &2 £ E 2 3.4.4 | Quality of life
g 8 2 8 ¢ £
> c @ =] > o
§ 8 g- g S g w In only one study,?® specific data for the quality of life was reported,
c o
g S o2 o 2 ¢ £ which showed that significant improvements were observed in the
© = = o —
g § E E 5 é g AE group in all domains of WHOQoL-BREF (physical health: +23.33,
x <« @m m £ o O P < 0.05; psychological health: +18.17, P < 0.05; social relationships:
Dimeo, F.2012 | (2 |2 . ? . . ? +14.51, P < 0.05; environment: +11.51, P < 0.05). However, in the
WHOQoL-BREF scale, the control group only showed improvements
Duncan, Jj1985| 2 |2 (@ |2 @ | @ | 2 . ) )
in the areas of physical health (15.42; P < 0.05), psychological health
Farahani, A. V.2010 | ‘2 [ ? . . . ?2 |2 (9.70; P < 0.05), and social relationships domains (9.55; P < 0.05).
He,L.2018| 2 |2 | @ | @ @ |2 |2
3.5 | Publication bias
Lima,L.G2017 | @ |2 | @ (@ |2 |2 |2 I
In a total of 13 studies, AE intervention with baseline treatment
Maruf, F.A20132 | @ | @ |2 |2 | @ @ | @
alone was performed and the effect of AE on blood pressure was
Maruf, F.A.2014b | ' ? ? ' ? . ‘ . evaluated. In this systematic review, a funnel plot was created to
Masroor, $.2018 . . . . . 2 > check for publication bias. Neither changes in SBP nor changes in
DBP revealed potential publication bias (Figure 7).
Molmen-Hansen,H.E. 2012 . 2|22 . . ?
Oliveira, J.2016 | @ | 2 | @ |2 | @ | @ | 2
4 | DISCUSSION
sikiru, 12014 | @ |2 | @ | @ | @ | 2 | 2
Tsai,J.C.2004 | (2 2 . 2 . . 2 In this systematic review and meta-analysis, the data from 14 stud-
ies were pooled and analyzed, thereby evaluating the effects of AE
Tsuda, K. 2003 | (2 | 2 . ? . . ? training interventions on blood pressure, heart rate, and ambulatory
Westhoff T.H2008 | (2 ? . ? . . . blood pressure in a total of 860 hypertensive subjects. Overall, the
results of the meta-analysis showed that the blood pressure and

FIGURE 2 Risk of bias summary

DBP was performed according to the duration of the AE group
using the random effects model (Figure 4). The pooled MD was
-6.43 mm Hg (95% Cl: -7.83 to -5.03, P < 0.05), -5.44 mm Hg
(95% Cl: -8.22 to -2.66, P < 0.05), and -7.52 mm Hg (95% ClI:
-12.42 to -2.62, P < 0.05), respectively.

3.4.2 | Heartrate

In seven studies'>#1¢2427 (316 samples), data for heart rate asso-
ciated with each intervention was specifically reported. The heart
rate of the AE group was significantly reduced compared with the
control group (MD: -4.94, 95% Cl: -6.46 to -3.43, P = 0.78, > = 0%)
(Figure 5).

heart rate were improved by AE training. Subsequently, subgroup
analyses were performed to evaluate the influence of training dura-
tion on the efficacy of AE. Subgroup analysis indicated that the de-
gree of blood pressure reduction did not significantly differ among
trials in which a different duration of AE was used.

The effect of AE on blood pressure has been shown in previous

20,2930 \hich suggested that the AE intervention de-

meta-analyses,
creased the risk of incident hypertension or had an effect on blood
pressure reduction. These findings were in accordance with our re-
sults, showing that AE can significantly reduce blood pressure (both
SBP and DBP) in hypertensive patients. Moreover, in this review, we
showed that the degree of blood pressure reduction significantly
differs among studies for all durations of exercise (less than 8 weeks,
8-12 weeks, and more than 12 weeks), and AE that lasts for about
8 weeks may have a better antihypertensive effect. However, the

small number of included studies and the high risk of bias of the



Test for overall effect: Z = 8.24 (P < 0.00001)

Test for subgroup differences: Chi? = 11.90, df = 2 (P = 0.003), I* = 83.2%

Favours [experimental]

Favours [control]

CAO ET AL. 873
WILEY
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weigh IV, Ran % Cl IV, Random, 95% CI
1.1.1 <8week
Masroor, S.2018 -19.1  7.93 15 -04 11.09 13 7.0% -18.70[-25.94,-11.46] — -~
Oliveira, J.2016 -11.9 208 9 0.2 21.37 9 1.9%  -12.10[-31.58, 7.38] ¢
Sikiru, L2014 -1394 695 112 261 785 105 11.8% -16.55[-18.53,-14.57] -
Subtotal (95% CI) 136 127  20.7% -16.66 [-18.55, -14.76] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.53, df =2 (P = 0.77); 1= 0%
Test for overall effect: Z = 17.19 (P < 0.00001)
1.1.2 8-12week
Dimeo, F.2012 -6.8 14.99 22 0.6 18.93 25 5.2% -7.40[-17.11, 2.31] -
Farahani, A. V.2010 -16.67 10.3 12 -1.78 9.65 28 74% -14.89[-21.73, -8.05] -
He, L. 2018 -156 593 20 46 527 22 10.6% -20.20[-23.61,-16.79] -
Lima, L. G.2017 -48 134 15 5 11.91 14 5.5% -9.80 [-19.01, -0.59] -
Maruf, F.A.2014b -18.77 135 45 -8.81 16.22 43 7.9% -9.96 [-16.21, -3.71] -
Molmen-Hansen,H.E. 2012 -12 124 25 -2 14.24 25 6.9% -10.00[-17.40, -2.60] -
Tsai,J.C.2004 -13.1 11.85 52 -3.6 16.03 50 8.6% -9.50 [-14.99, -4.01] -
Westhoff ,T.H2008 -7 9.1 12 05 115 12 6.2% -7.50 [-15.80, 0.80] - T
Subtotal (95% CI) 203 219 58.4% -11.74[-15.94, -7.54] -
Heterogeneity: Tau? = 23.92; Chi? = 23.03, df = 7 (P = 0.002); 1> =70%
Test for overall effect: Z = 5.48 (P < 0.00001)
1.1.3 >12week
Duncan, Jj 1985 -124  6.73 44 62 6.58 12 9.9% -6.20 [-10.42, -1.98] -
Tsuda, K. 2003 -10  3.46 8 1 265 8 11.0% -11.00[-14.02, -7.98] T
Subtotal (95% CI) 52 20 20.8%  -8.84[-13.52, -4.15] -
Heterogeneity: Tau? = 8.01; Chi*=3.29, df =1 (P = 0.07); I? = 70%
Test for overall effect: Z = 3.70 (P = 0.0002)
Total (95% CI) 391 366 100.0% -12.26 [-15.17, -9.34] -
Heterogeneity: Tau? = 17.76; Chi? = 47.98, df = 12 (P < 0.00001); I* = 75% _2'0 _1'0 0 1'0 2'0

FIGURE 3 Aerobic exercise on systolic blood pressure in hypertensive patients

Experimental

Study or Subgroup Mean _SD Total
1.2.1 <8week

Masroor, S.2018 -7.2 6.18 15
Oliveira, J.2016 -04 57 9
Sikiru, L2014 741 6.26 112
Subtotal (95% Cl) 136

Control
Mean
1.3 553 13
1.2 11.93 9
-1.07 176 105
127

Heterogeneity: Tau? = 0.20; Chi? = 2.10, df = 2 (P = 0.35); I* = 5%

Test for overall effect: Z =9.02 (P < 0.00001)

1.2.2 8-12week

Dimeo, F.2012 -3 86 22
Farahani, A. V.2010 -4.17 8 12
He, L. 2018 -1.8 3.87 20
Lima, L. G.2017 -45 5.65 15
Maruf, F.A.2014b -8.98 10 45
Molmen-Hansen,H.E. 2012 -8 8.15 25
Tsai,J.C.2004 -6.3 7.67 52
Westhoff , T.H2008 59 74 12
Subtotal (95% Cl) 203

-0.7 10.19 25

0.18 5.49 28
-0.6 7.3 20
1.8 8.26 14
-5.6 10.75 43
-2 10.33 25

4 588 50
3.7 8.1 12
217

Heterogeneity: Tau? = 10.46; Chi* = 21.84, df =7 (P = 0.003); I> = 68%

Test for overall effect: Z = 3.84 (P = 0.0001)

1.2.3 >12week

Duncan, Jj 1985 -7.1 3.98 44
Tsuda, K. 2003 -6 1.73 8
Subtotal (95% CI) 52

29 544 12
-1 458 8
20

Heterogeneity: Tau? = 9.59; Chi? = 4.29,df =1 (P =0.04); P =77%

Test for overall effect: Z = 3.01 (P = 0.003)

Total (95% Cl) 391

364

Heterogeneity: Tau? = 4.53; Chi? = 29.39, df = 12 (P = 0.003); I* = 59%

Test for overall effect: Z =7.31 (P < 0.00001)

Test for subgroup differences: Chi? = 0.64, df =2 (P = 0.73), I> = 0%

SD_Total Weight

7.4%
2.9%
14.3%
24.6%

5.8%
6.4%
8.8%
6.1%
7.4%
6.1%
11.0%
4.8%
56.5%

9.5%
9.3%
18.8%

100.0%

Mean Difference
IV, Random, 95% CI

Mean Difference

-8.50 [-12.84, -4.16]
-1.60 [-10.24, 7.04]
-6.34 [-7.55, -5.13]
-6.43 [7.83, -5.03]

-2.30 [-7.67, 3.07]
-4.35[-9.31, 0.61]
-1.20 [-4.82, 2.42]
-6.30 [-11.49, -1.11]
-3.38 [-7.72, 0.96]
-6.00 [-11.16, -0.84]
-10.30 [-12.95, -7.65]
-9.60 [-15.81, -3.39)]
-5.44 [8.22, -2.66]

-10.00 [-13.29, -6.71]
-5.00 [-8.39, -1.61]
-7.52 [12.42, -2.62]

-6.12[-7.76, -4.48]
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FIGURE 4 Aerobic exercise on diastolic blood pressure in hypertensive patients
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Experimental Control

Duncan, Jj 1985 -8.5 12.79 41 -05 753 1"
Masroor, S.2018 -43 897 15 29 872 13
He, L. 2018 -3.6 292 20 15 3.76 22
Tsai,J.C.2004 -22 9.58 52 22 11.61 50
Molmen-Hansen,H.E. 2012 3.7 7.82 25 03 7.61 25
Westhoff ,T.H2008 -1.2 8.6 12 1.9 9.5 12
Oliveira, J.2016 -1.2 101 9 -18 10.87 9
Total (95% Cl) 174 142

Heterogeneity: Tau? = 0.00; Chi? = 3.26, df =6 (P = 0.78); 1> = 0%
Test for overall effect: Z = 6.41 (P < 0.00001)

_StudyorSubgroup ~~ Mean SD Total Mean SD Total Weight IV, Random,95% Cl
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5.3%

55.6%

13.3%
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100.0%

Mean Difference
IV, Random, 95%ClI

Mean Difference

8.00[-13.93,-207] ¥
-7.20 [-13.76, -0.64] *

-5.10 [-7.13, -3.07] —

-4.40 [-8.54, -0.26)

-4.00 [-8.28, 0.28] o

-3.10[-10.35,4.15] ¢

0.60 [-9.09, 10.29] >
-4.94 [-6.46, -3.43] -

10 5 0 5 10

Favors [experimental] Favors [control]

FIGURE 5 Effects of aerobic training on heart rate in hypertension
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SD_Total Weight
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Heterogeneity: Chi? = 0.35, df = 1 (P = 0.55); I = 0%
Test for overall effect: Z = 2.63 (P = 0.008)

Test for subgroup differences: Chi? = 1.43, df = 1 (P = 0.23), I =29.9%

Dimeo, F.2012 -12 124 22 -2 1424 25 46.6%
Molmen-Hansen,H.E. 2012 -5.3 13.38 25 24 1225 25 53.4%
Subtotal (95% CI) 47 50 100.0%
Heterogeneity: Chiz = 0.19, df = 1 (P = 0.67); 1> = 0%

Test for overall effect: Z = 3.31 (P = 0.0009)

3.1.2 Ambulatory DBP

Dimeo, F.2012 -2.8 9.6 22 1 8.28 25 50.0%
Molmen-Hansen,H.E. 2012 -8 8.15 25 -2 10.33 25 50.0%
Subtotal (95% CI) 47 50 100.0%

Mean Difference Mean Difference
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-10.00 [-17.62, -2.38] ¢ L
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-10 -5 0 5 10
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FIGURE 6 Effects of aerobic training on ambulatory blood pressure in hypertension

original studies may have impacted this conclusion. Furthermore,

3132 it was pointed out that several important vari-

in some studies,
ables, including differences in AE intensity, frequency, ethnicity, and
hypertensive status, might have some inevitable influences on the
benefits of AE in individuals with hypertension. Therefore, consid-
ering the above factors, additional studies with larger sample sizes
to compare those factors should be considered to help understand
these findings.

It is worth noting that the pooled SBP after AE showed a sig-
nificant heterogeneity. The sensitivity analysis showed a relatively
stable result for SBP after excluding two individual studies,?4?°
which indicated a relatively higher heart rate, longer duration of aer-
obic training or a younger age. The study presented by He et al?®
demonstrated that a relatively high heart rate with a long-term AE
(12 weeks) might induce a more significant reduction on SBP, which
was significantly different from that of other studies, therefore this
study was removed from the dataset, which dramatically changed
the results. Hypertension is a chronic age-related disease,*® and in

a study by Duncan et al,?*

the overall age of study participants was
significantly younger compared to that in other studies, which might
be a contributing factor to the change in results.

We also observed that AE intervention played an active role in

reducing heart rate. These effects have been discussed in several

reviews®* and clinical reports, and similar results were obtained.

I°> concluded that postexercise heart rate recovery

Kingsley et a
was influenced by parasympathetic reactivation and sympathetic
recovery to resting levels, thereby reducing the resting heart rate
by increasing parasympathetic tone improvement in autonomic
modulation with exercise. In another report by Cornelissen and col-
leagues,? it was stated that the effects on heart rate were more
pronounced after higher intensity AE. Taken together, these above
reports showed evidence that supported our findings. Since only six
studies (316 participants) have been included, which is a relatively
small sample size, therefore, the reliability of the results is relatively
small. To confirm these effects, additional trials will be required in
the future.

Regarding the design of RCTs involving AE for hypertension, high
risk of bias existed in random sequence generation and allocation
concealment, which may have resulted in potential selection bias. In
the design and reporting of included RCTs, allocation concealment
was arguably the weakest link and may potentially affect the reliabil-
ity of the study results.>®%” In addition, our judgment on the quality
of inclusion studies was primarily based on their reports, therefore,
future studies will be required to improve the quality of the original
study research and avoid the occurrence of various biases, thereby

suggesting that is strictly referred to the CONSORT statement.38%7



WILEY--2

CAO ET AL
5 SE(VMD) ‘ ACKNOWLEDGMENTS
1o
© & 1 The authors would like to thank Jinhui Tian and all members of
2T © <>3 o<<>><> © Evidence-Based Medicine Center, Lanzhou University, for their help
S Rl with this study.
ot o % o
o]
SIS ¢
3 CONFLICT OF INTEREST
T :
We declare that we have no conflict of interest.
AUTHOR'S CONTRIBUTION
Subgroups LJ Cao and XX Li: project development, data collection, analysis and
ESBP < o interpretation, manuscript writing, article revised. PJ Yan: project

FIGURE 7 Funnel plot of comparison aerobic exercise
intervention on blood pressure

Compared with previous meta-analyses presented by Montero
et al’® and Wen et al,?’ in the current study, strict inclusion and ex-
clusion criteria were employed, including a comprehensive search
strategy, which takes into account a wider range of outcome indica-
tors (blood pressure, heart rate, ambulatory blood pressure, quality
of life). In addition, the current study focused on the duration of AE
and subgroup analysis was performed, in which different durations
of AE were used to assess the blood pressure of hypertensive pa-
tients. Thus, our results might be of great value for providing refer-
ences for the control of blood pressure and heart rate via AE.

This study has several limitations. Firstly, although a compre-
hensive search strategy was conducted, the current study only in-
cluded studies that were written in the English or Chinese language.
Therefore, it is likely that relevant published or unpublished studies
were missed, however the representativeness of included studies
was not affected. Secondly, because not all included trials were of
high quality, the estimates of therapeutic effects may have been
impacted. Furthermore, with the emergence of newly related stud-
ies, the existing results may changes. When such novel and related
new studies appear after July 2018, this systematic review will be

updated.

5 | CONCLUSIONS

The results of this meta-analysis showed that AE has favorable ef-
fects on blood pressure, heart rate, and ambulatory blood pressure
of hypertensive patients. However, the effectiveness between the
duration of different treatments is still not clear. Our finding was
based on a small number of studies with evidence of consider-
able statistical and clinical heterogeneity, and there is insufficient
evidence of high-quality studies. Furthermore, high-quality original
studies are also warranted to confirm the magnitude of the effect
of different durations of AE on changes in blood pressure and heart

rate among hypertensive individuals.
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