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Abstract

The results of existing controlled clinical trials were synthesized to determine effects of aerobic exercise training on resting
systolic (SBP) and diastolic blood pressure (DBP) among previously sedentary older adults, to quantify the magnitude
of observed changes, and to examine the influence of the associated interventional variables on these changes. Studies
were identified via a systematic computer database search, hand searching, and cross-referencing of previously located
articles. All potentially eligible articles were carefully reviewed and examined with the established inclusion criteria.
Twenty-three studies, representing a total of 1226 older subjects, were included in the final analysis. Robust statistically
significant effects were found in terms of the pooled standardized effect size of —0.33 = 0.06 (»p<<0.0001) in SBP and
—0.39£0.09 (»p<0.0001) in DBP. When compared with the control group, net decreases in both SBP (—5.39 +1.21
mmHg, »p<<0.0001) and DBP (—3.68 =0.83 mmHg, p<<0.0001) were observed in older exercisers, representing a 3.9%
and a 4.5% reduction, respectively. This meta-analytic study provides robust quantitative data to support the efficacy and
effectiveness of controlled endurance exercise training in decreasing resting SBP and DBP among previously sedentary

older adults.
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Introduction

The resting blood pressure (RBP) increases progres-
sively with advancing age. This increase probably
reflects stiffening of the blood vessels and augmented
vascular resistance (1). These age-related RBP
changes can result in health problems especially for
normotensive individuals who have a 90% lifetime
risk for developing hypertension after age 55 or
older (2). The risk of cardiovascular disease begin-
ning at 115/75 mmHg doubles with each increment
of 20 mmHg in systolic blood pressure (SBP) or
10 mmHg in diastolic blood pressure (DBP) (3).The
relative risks, which contribute to developing and
ultimately dying from many chronic diseases such
as cardiovascular disease and hypertension, increase
with advancing age (4,5). Unfortunately, the

prevalence of hypertension increases with advancing
age even further, to the point where more than half
of people 60-69 years of age and approximately
three-fourths of those 70 years of age and older are
affected (6). This particular population is also
the one with the lowest rates of the elevated blood
pressure control (7) unless broad and effective pre-
ventive measures are implemented.

Physical inactivity appears to play a role in the
RBP increase and deterioration of blood vessels; on
the contrary, regular aerobic exercise reduces RBP in
both normotensive and hypertensive individuals
(4,8). Discrepant data regarding the specific quantity
and quality of aerobic exercise training and RBP
changes, however, have been presented in published
studies (8). The results on the exercise-induced
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change of both resting SBP and/or DBP from exist-
ing controlled clinical trials and meta-analytic stud-
ies vary significantly; and data in those studies
demonstrating positive RBP reductions consequent
to aerobic exercise have been presented with a greater
variation of the magnitude in such changes (8-12).
This is the case particularly for older adults. Ran-
domized controlled trials have led to conflicting or
inconclusive results regarding the effects of chronic
aerobic exercise on resting SBP and RBP in normo-
tensive and hypertensive adults 50 years of age and
older (8). Specific data with regard to the direction
and magnitude of RBP changes among older adults
in response to controlled aerobic training remain to
be further evaluated and established. Furthermore,
RBP response differences among the individual
studies could be incompletely explained by the char-
acteristics of the studies and interventional exercise
programs. Importantly, the study design and quality,
including sample size and participants’ age ranges in
the studies, are other factors that likely contribute
to the controversy and thus preclude drawing
conclusions concerning these issues.

As a result, these disagreements and controver-
sies have stimulated a research need regarding con-
trolled chronic aerobic exercise and responding RBP
changes in older adults. Accordingly, the primary
purpose of the present study was to determine the
effects of controlled aerobic exercise on RBP among
previously sedentary older adults, to quantify the
magnitude of observed changes, and to examine the
influence of relevant variables on the RBP changes.
To address this aim, we applied a meta-analytic
approach to synthesize the results of controlled clin-
ical trials. Meta-analysis may increase statistical
power for primary end points and for subgroups,
resolve uncertainty when reports disagree, improve
estimates of effect size, answer questions not posed
by the authors of individual trials, and highlight and
qualify areas of weakness in the original literature
(13).We reason that the synthesized results of a large
population approach may provide new, broad and
deeper insight into these controversial issues relevant
to RBP response to aerobic exercise in the older
population.

Methods
Data search and identification

A standard literature search was performed follow-
ing outlines and recommendations for conducting
meta-analysis (13—-15). We searched through elec-
tronic databases including MEDLINE-PubMed,
SPORTDiscus, PsycINFO, HealthSTAR, EMBASE
and Dissertation Online. A specialized reference
librarian and an expert on exercise-induced physi-
ological changes in aging were consulted. A broad
rather than a more specific search was applied to
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identify relevant articles. The search strategy included
using keywords either alone or in various combina-
tions. Extensive manual searches were conducted.
Cross-referencing was performed from the bibliog-
raphies of published reviews and included articles.

Study selection

This meta-analysis included randomized and non-
randomized controlled trials with a comparative pla-
cebo or non-intervention control group, in which
aerobic exercise and/or conditioning was the only
exercise intervention or treatment. Exercise training
was =2 weeks and, the frequency, intensity, and
duration of the training regimen were reported in
quantifiable terms. The included studies were pub-
lished and/or indexed as journal articles after 1980
in English-language, in which older subjects (mean
age =60 years) were previously sedentary and a
reported measure of RBP changes could be calcu-
lated. An intervention with a mixed treatment was
not included. Relevant abstracts from publications,
conference proceedings or dissertations were checked
but excluded. All included studies were reassessed to
ensure independency of each study’s data.

Data abstraction and quality assessment

An abstraction form was used to extract data during
the coding process. The coded variables included
study design, subject characteristics, RBP measure-
ment characteristics, exercise characteristics and
primary outcomes. The calculation of multiple study
treatment effects was adopted. If a study contained
more than one experimental group, then each group
mean was calculated independently and treated as a
single data point. Data were independently abstracted
by researchers and discrepancies were resolved by
re-reviewing, double-checking and discussing the
relevant information. Alterations were also made
based on the results of reliability checks.

The publication bias was explored by plotting net
changes in RBP against sample size for each study
group (16). The Q-statistic was used to examine
homogeneity of results for the standardized effect
sizes (17,18). The I? tests were incorporated to assess
inconsistency across the trial results (19). Study
quality was assessed using a validated and reliable
questionnaire that a 5-point scale ranges from a low
of 0 to a high of 5 with the higher score representing
higher quality (20).

Statistical analysis

The standardized effect size was calculated accord-
ing to standard procedures (18). Computations and
statistics related to effect sizes were undertaken using
Comprehensive Meta Analysis (Biostat Inc, USA).
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Net changes in RBP outcomes were calculated as the
difference (exercise minus control) of the changes
(pre- minus post-intervention) in these mean values.
Pooled estimates of effect sizes were calculated by
using both fixed-effect and random-effect models
(17,18). Ninety-five percent confidence intervals
were calculated for both individual effect sizes and
pooled results. Subgroup analyses of overall net
changes and combined effect sizes in resting SBP
and DBP were performed according to study design,
subject physical characteristics and exercise training
characteristics. Specifically, these analyses included:
study year, country, randomization, within-study
mean age of subjects, subject age span or range
within the sample, sample size of study, initial RBP
status, and exercise regiments. Insufficient data were
available to perform the analyses of SBP and DBP
outcomes for gender, ethnicity, health status, and
medication. The SPSS (SPSS Inc, USA) was used
for all other statistical analyses. A p-value of =0.05
was considered significant.

Results
Study selection and sample size

After a trial flow of assessment for exclusion, twenty-
five studies were identified that met the initial inclu-
sion criteria. Two studies were subsequently excluded,
because of missing outcome data or including other
treatments. Thus, 23 studies (9,10,21-41) were
included in the final analysis for assessment. These
studies generated a total of 1226 subjects in 26 exer-
cise groups and 23 control groups with 765 and 461
subjects, respectively.

Study characteristics and quality

The included studies were published in 15 different
peer-reviewed journals. Approximately 87% of the
primary authors worked in academia and 13% in
clinical settings. Fifteen studies were implemented
in the USA. About 83% of the investigations were
conducted in universities or colleges. Approximately
74% of the studies reported written informed con-
sent from subjects. Twenty-two studies reported the
subject adherence, ranged from 63% to 100% in the
exercise groups and from 69% to 100% in the con-
trol groups. The average number of subjects who
completed each study ranged from 10 to 166 in
exercisers and six to 81 in the controls. No signifi-
cant differences were observed between the exercise
and control groups in relation to the number of sub-
jects and percentage of dropouts. Fourteen studies
were randomized trials (61%) while the other nine
were non-randomized (39%). Twelve studies reported
no treatment to control groups, seven used matching
procedures, three provided wait list, two indicated
as attention or other, while six did not report the

control status. Only one study applied an intention-
to-treat approach to analyze data. All others appeared
to use a per-protocol approach. Study quality ana-
lysis ranged from 1 to 3 (mean £SD=2=*1).

Subject description

Approximately 87% of the studies did not report
race/ethnicity of the subjects. Subjects in eight stud-
ies were female while only one study was limited to
males. For the interested outcomes, 61% of the
studies presented mixed-gender results. Most of
the studies (91%) provided information on co-
morbidities with reporting all subjects healthy.
Some subjects in four studies were reported having
elevated RBP, but our subgroup analyses did not
find statistically significant differences in exercise
induced RBP changes when the data were parti-
tioned according to hypertensive and normotensive
status. About half of the studies reported that none
of the subjects was taking medication during the
study, 7% reported some subjects taking medica-
tion, and 43% did not specify the medication status.
Initial physical characteristics of the subjects are
described in Table I. Initial resting SBP ranged from
119 to 153 mmHg (mean*SD =135.83*+10.63
mmHg) in the control groups and from 120 to 161
mmHg (mean*SD=137.11+11.90 mmHg) in
the exercise groups. For resting DBP, initial values
in the controls ranged from 74 to 97 mmHg
(mean =SD =281.02*5.80 mmHg), and in the
exercisers from 72 to 100 mmHg (mean=*SD=
81.67 =7.06 mmHg). Neither initial resting BP nor
other variables were found to be statistically differ-
ent between the two groups.

Description of exercise intervention

Mode. About 89% of the exercise groups used walk-
ing and/or jogging as the primary training modality.

Table I. Initial physical characteristics of subjects.

Exercise Control
Variable n  Mean SD n  Mean SD
Age (years) 26 67.4 6.5 23 68.0 6.7
Height (cm) 18 1645 7.3 16 1640 8.4
Weight (kg) 23 71.3 9.6 20 69.9 9.2
BMI (kg/m?) 17 25.8 24 16 25.5 2.3
Fat (%) 17 30.6 6.1 17 30.3 6.5
FFM (kg) 5 50.9 7.5 5 50.6 8.7
RHR (beats/min) 9 72.7 6.8 8 69.8 6.4
SBP (mmHg) 26 137.1 11.9 23 1358 10.6
DBP (mmHg) 26 81.7 7.1 23 81.0 5.8
VO, .. (min) 18 1.65 0.35 18 1.65 0.39
VO, . (mlkg/min) 18 231 34 18 233 3.8

n, number of groups reporting data; SD, standard deviation;
BMI, body mass index; FFM, fat free mass; RHR, resting heart
rate; SBP, systolic blood pressure; DBP, diastolic blood pressure;
VO,, . Maximum oxygen consumption.



Many exercise programs included one or more of
the following: walking, jogging, running, cycling,
stair-climbing, aerobic dance, outdoor aerobic per-
formance, and aerobic games. Inzensiry. Exercise
intensity expressed as %HR__, %VO,_ ., %VO,R
or %HRR, maximal heart rate per minute, etc., with
the use of %HR__, %VO,_ ., and %HRR as the
most common. Those common intensities varied
ranging at 50-90% HR__, 40-80% VO, . or
30% — 85% HRR. Durarion. Time of each training
session ranged from 19 to 60 min. The mean dura-
tion for most groups lasted 30-50 min. Frequency.
Most programs trained subjects approximately 3
days/week and the mean frequency ranged from 1 to
5.2 times per week. Time. Length of exercise inter-
vention varied from 8 to 42 weeks, with more than
the half lasting between 20 and 30 weeks. Others. The
training sessions were supervised in 13 studies.
Three studies were outpatient and/or self-reported.
The remaining seven studies did not report such
information. The primary methods for intensity
monitoring included one or more of the following:
subjects self-palpation of radial or carotid pulses,
monitored by heart rate device, RPE, ECG, and
by investigators and/or study staff. The majority of
studies used heart rate measurements to monitor
exercise intensity levels.

Synthesized outcomes and subgroup analysis

Table II shows results of pre- and post-intervention
RBP for each group. The net changes in resting SBP
and DBP was statistically significant (»<<0.0001)
and represented a net decrease of —5.39*1.21
mmHg (mean = SEM, 95% CI=—"7.82 to —2.95)
in SBP and —3.68 £0.83 mmHg (mean* SEM,
95% CI=—5.35 to —2.00) in DBP. These changes
were equivalent to reductions of approximately 3.9%
in SBP and 4.5% in DBP.

Results of the individual and combined effect
sizes in resting SBP and DBP are presented in Figure
1 (A and B). Across all designs and categories, the
pooled effect sizes from both models were very close
to unity, and the two effects for the net changes of
SBP and DBP reductions were statistically signifi-
cant (both p<<0.0001). There was an average effect
size of —0.33 = 0.06 (mean = SEM, 95% CI = — 0.45
to —0.21) from a fixed-model in SBP, with no statis-
tically significant heterogeneity observed (Q = 28.39,
p»=0.290). The pooled effect size of DBP was
—0.39 £0.09 (mean*+SEM, 95% CI=-0.56 to
—0.23) by a random-model, as a significant hetero-
geneity was found (Q=44.65, p=0.009). > was
11.9% for SBP, presenting little variability between
studies. The I? value for DBP was 44.0%, indicating
inconsistency is moderate. Visual inspection of the
funnel plots in Figure 1 (C and D) shows that net
changes in SBP and DBP are symmetrical around
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the weighted mean net changes line, suggesting
absence of publication bias.

Statistically significant differences were found
when subgroup analyses were performed for effect
size and net changes in resting SBP and DBP. Smaller
sample size trials (<30 subjects) had a statistically
significant larger reduction and/or effect size in SBP
and DBP than larger sample size (> 30 subjects): the
SBP mean net change was —8.02 +4.82 mmHg vs
—3.13+5.25 mmHg (p=0.021) and the SBP effect
size was —0.57*£0.37 vs 0.25%£0.32 (p=0.027);
the DBP mean net change was —5.61 +3.56 mmHg
vs —2.02£3.21 mmHg (»p=0.012) and the DBP
effect size was —0.64£0.53 vs 0.32*+0.42 but
not significant (p=0.10). A statistically significant
greater effect size in resting SBP was detected in the
subjects’ age span more than 15 years. For resting
DBP, a greater and statistically significant effect size
was revealed when the mean age of subjects was
older than 70 years, as well as when training duration
was less than approximately 45 minutes. No other
statistically significant associations were found
for effect size and net changes in RBP and selected
variables, such as study year, randomization, study
country, and initial RBP status.

Discussion

The main findings of the current meta-analysis of
controlled clinical trials on chronic aerobic exercise
training and RBP effects are: (i) that training sig-
nificantly reduces both resting SBP and DBP in
sedentary older adults, and the revealed evidence
was derived from a large sample size consisting of
1226 older individuals with a narrow mean age
range (68 = 6.6 years); (ii) that effects of this training-
induced reduction are robust and statistically sig-
nificant: when compared with the control groups,
the net change of approximately —5.4 mmHg in
resting SBP and —3.7 mmHg in resting DBP could
be expected, representing 3.9% and 4.5% reduc-
tions, respectively; (iii) that a clinical trial with a
small sample size would elicit a large but probably
less accurate magnitude of the RBP reduction;
(iv) that a spread age span or range and/or a greater
mean age of subjects in an investigation would result
in a larger but possibly exaggerated RBP decrease;
(v) that training regimens for the attainment of the
RBP reduction in most of the included studies show
an aerobic exercise of 30-50 min per session at the
intensity between 50-90% HR_, , 40-80% VO, _ .
or 30-85% HRR with ~3 days/week for about
20-30 weeks.

The outcome of the aerobic exercise-induced
resting SBP and DBP net changes, whether it is
effective enough or to which extend it can be
reduced in older adults, can have important clinical
implication and merit in health and medical field.
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Table II. Resting systolic and diastolic blood pressure (mmHg) results from the included studies.

Exercise Control
Citations RBP n Pre-, M*=SD Post-, M+ SD D, n Pre-, M*SD Post-, M *SD D,
Binder et al. (21) SBP 23 127.0*16.0 119.0 +18.0 -8.0 17 119.0x17.0 117.0=16.0 -2.0
DBP 23 79.0+7.0 76.0+9.0 -3.0 17 78.0+8.0 76.0+12.0 -2.0
Braith et al. (9) SBP 19 121.0%£10.0 112.0*£11.0 -8.0 11 121.0£12.0 123.0 = 14.0 2.0
DBP 19 72.0£8.0 64.0£5.0 -8.0 11 74.0£5.0 73.0*x11.0 —-1.0
Braith et al. (9) SBP 14 120.0%=9.0 123.7+5.9 3.1 11 121.0*12.0 123.0 £ 14.0 2.0
DBP 14 75.0+7.0 68.0+6.0 -7.0 11 74.0+5.0 73.0x11.0 —1.0
Cononie et al. (22) SBP 17  139.0*16.0 135.0+17.0 -4.0 12 137.0x16.0 140.0 = 16.0 3.0
DBP 17 81.0+8.0 76.0+7.0 -5.0 12 81.0+7.0 83.0+ 6.0 2.0
Gillett et al. (23) SBP 69 139.1+16.8 135.7*+17.4 -3.4 31 139.3+13.3 137.6 = 16.2 —-1.7
DBP 69 81.3+7.9 81.7+09.1 0.4 31 80.8+9.1 79.3+6.7 -1.5
Hagberg/Montain et al. (10) SBP 11 158.0*18.0 151.0+7.0 —-7.0 9 152.0*%9.0 151.0+11.0 —-1.0
DBP 11 90.0+10.0 87.0+7.0 —-3.0 9 90.0+7.0 89.0*x4.0 —1.0
Hagberg/Montain et al. (10) SBP 10  160.0+21.0 154.0 £16.0 -6.0 9 152.0%x9.0 151.0+11.0 —1.0
DBP 10 100.0%x10.0 91.0+7.0 —-9.0 9 90.0+7.0 89.0 4.0 —1.0
Hamdorf & Penhall (24) SBP 18 144.6+20.8 152.1+25.5 7.5 20 149.3+22.8 148.3 = 24.1 -1.0
DBP 18 72.6+9.3 76.1+8.5 3.5 20 77.7+11.2 81.6+9.8 3.9
Hamdorf et al. (25) SBP 30 128.7%t19.5 124.8 =18.1 -39 36 124.8%+19.9 122.0*+17.7 —2.8
DBP 30 84.5+9.0 78.9+9.9 -5.6 36 82.7+11.3 78.3+11.0 —4.4
Hill et al. (26) SBP 87 132.3%16.5 128.7+15.4 —35 34 128.4=*15.7 127.8 £16.5 —-0.5
DBP 87 83.1+8.9 78.8+9.4 —-4.3 34 78.1 8.1 81.7+10.2 3.7
Jessup et al. (27) SBP 11  132.6*+10.0 130.0 +8.8 -2.6 10 130.8+8.8 132.2+9.0 1.4
DBP 11 79.8+ 7.0 77.4+54 -24 10 80.2%£54 81.6+6.2 1.4
Katzel et al. (28) SBP 49 128.0%£14.0 124.0*=13.6 —-4.0 18 129.0£8.5 129.0 £8.5 0.0
DBP 49 86.0+14.0 84.0+13.7 -2.0 18 83.0*+8.5 83.0+8.5 0.0
Kohrt et al. (29) SBP 56 126.0+14.0 127.0*£16.0 1.0 19 124.0*+17.0 124.0*+16.0 0.0
DBP 56 78.0+7.0 76.0+7.0 -2.0 19 76.0+7.0 76.0 8.0 0.0
Motoyama et al. (30) SBP 13 147.2*14.1 129.9+9.8 —17.3 13 143.9*16.7 141.4+19.7 -2.5
DBP 13 81.5+7.7 72.8+6.5 -8.7 13 81.2+6.9 78.0*6.1 —3.2
Okumiya et al. (31) SBP 21  136.4*22.6 140.9 +22.8 45 21 145.5*19.1 154.1+17.5 8.6
DBP 21 78.1£11.8 73.6 £11.2 -4.5 21 80.1 £10.1 82.1£10.3 2.0
Posner et al. (32) SBP 166 128.6+t12.1 125.3+12.3 -3.3 81 127.6 10.4 129.9+11.2 2.3
DBP 166 75.1£6.4 73.6 £6.2 -1.5 81 74.9+59 76.1£4.9 1.2
Puggaard et al. (33) SBP 19 161.0%£19.7 155.9*+15.3 —5.2 26 153.0£24.9 157.6 =19.7 4.6
DBP 19 84.0+12.6 78.7 +8.7 -53 26 77.0+10.6 77.6 £14.0 0.6
Ready et al. (34) SBP 18 134.0*18.0 127.0*+11.0 -7.0 18 131.0*+16.0 129.0 = 14.0 3.0
DBP 18 77.0+x11.0 80.0+x12.0 3.0 18 77.0+10.0 78.0£8.0 1.0
Ready et al. (34) SBP 17  131.0%=20.0 126.0+9.0 -5.0 18 131.0x16.0 129.0 = 14.0 3.0
DBP 17 76.0+9.0 77.0*+11.0 1.0 18 77.0+10.0 78.0 +8.0 1.0
Seals et al. (35) SBP 10 121.0£10.0 111.0*=14.0 —-10.0 10 121.0*x11.0 124.0 8.0 3.0
DBP 10 78.0+x12.0 68.0+8.0 -10.0 10 77.0+5.0 80.0+7.0 3.0
Seals & Reiling (36) SBP 14 141.0*x11.2 134.0 =15.0 -7.0 12 144.0%x10.4 134.0+13.9 —10.0
DBP 14 92.0+3.7 87.0+x7.5 -5.0 12 95.0+3.5 88.0*6.9 —=7.0
Shin (37) SBP 14 137.9%19.0 126.6 = 17.4 —11.3 13 139.6*14.6 139.3+14.6 -0.3
DBP 14 81.4+9.6 77.4+9.1 -4.0 13 80.2+9.2 82.5+9.4 2.4
Sunami et al. (38) SBP 20 142.0£22.0 140.0 =19.0 —2.0 20 145.0%£24.0 138.0£19.0 —=7.0
DBP 20 83.0x11.0 81.0*+11.0 -2.0 20 83.0+x12.0 79.0£9.0 —4.0
Tanaka et al. (39) SBP 11 158.0 £23.2 151.0=19.9 -7.0 11 150.0 £16.6 154.0+13.3 4.0
DBP 11 99.0+9.9 94.0+ 6.6 -5.0 11 97.0+3.3 97.0+3.3 0.0
Whitehurst & Menendez (40) SBP 18 136.8*+18.0 133.0x17.0 -3.8 13 135.5*+16.4 136.7 +15.2 1.2
DBP 18 79.3+17.8 75.5+7.1 -3.8 13 81.3+10.1 82.0+£9.7 0.7
Wood et al. (41) SBP 10 133.7*16.4 123.4+13.0 -10.3 6 133.5*+224 129.7*+16.5 —-3.8
DBP 10 76.8+17.0 73.2+11.9 —3.6 6 78.3£6.9 80.3 8.8 2.0

n, number of groups reporting data; Pre-, pre-intervention; Post-, post-intervention; Dy, difference between pre- and post-intervention.

The incidence of hypertension increases in both
men and women as a function of age (3). Older
individuals are also vulnerable to the development
of isolated systolic hypertension, a clinical entity
associated with significant increases in cardiovas-
cular disease. With advanced age, the percentage of
patients with controlled hypertension declines

progressively (42). It has been estimated that for
normotensive and hypertensive adults, a 5-mmHg
reduction in SBP reduces mortality rates of 4% and
9% from coronary heart disease, 6% and 14% from
strokes, and 3% and 7% from all causes, respec-
tively (43). A reduction of 5 mmHg in DBP has also
been associated with a 34% decrease in stroke and
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Figure 1. (A) and (B) present Ladder Plots of standardized effect sizes for changes in resting systolic blood pressure (SBP) and in resting
diastolic blood pressure (DBP). The black circles represent standardized effect size of the change outcome for each group; the bars
that pass through the circles represent the 95% confidence intervals (CIs) for each standardized effect size of the change outcome.
The rectangular symbols represent the pooled effect sizes of the mean change outcomes by fixed or random models for resting blood
pressure (BP); the bars that pass through the rectangle represent the 95% confidence intervals (CIs) of the pooled effect sizes of the mean
change outcome. (C) and (D) present Funnel Plots of net changes in SBP (C) and DBP (D) vs study group sample size. The vertical
line represents the mean BP change, weighted for the number of participants in the trials.

a 21% decrease in coronary heart disease for hyper-
tensives (42). The current study provides evidence
of the capacity of controlled aerobic exercise to
meaningfully influence RBP. From a clinical per-
spective, these reductions are important for public
health, especially for the sedentary older popu-
lation. In addition, our data may be beneficial to
clinical applications for older hypertensive patients
to manage RBP by coupling with aerobic exercise
training.

Irrespective of age, our findings of exercise-
induced RBP reductions are consistent with reports
from many published studies (8,11,12,44-48).
However, there was a wide age span or range of
subjects in these studies, for example, 21-79 years

(45), 18-79 years (46), 17-88 years (47) or 18 years
and above (48). This greater age variation may be
a confounding variable or even problematic when
attempting to derive appropriate conclusions
about the effectiveness and estimated magnitude of
the RBP response to aerobic exercise training for
older individuals. Age can be an important variable
affecting RBP. It is well documented that both rest-
ing SBP and DBP increase with advanced age. In
the general population, the prevalence of hyperten-
sion increases dramatically with ageing (6,49,50).
Age may influence the magnitude of RBP changes
following aerobic exercise. The discrepant results
about the exercise-induced RBP reductions in older
adults have been presented in those published
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studies. A meta-analysis reported that the overall
weighted net decrease was —3.0 mmHg in SBP and
—2.4 mmHg in DBP among all subjects with mean
age ranged from 21 to 83 years (51). Whelton et al.
found that the overall pooled net effect of aerobic
exercise on SBP and DBP was —3.84 mmHg and
—2.58 mmHg, respectively (48). A narrative review
by Hagberg et al. revealed a weighted average reduc-
tion in SBP and DBP (—7.6/—8.8 mmHg) among
hypertensive adults aged 60 years and older (11).
However, a meta-analysis that included seven ran-
domized trials with subjects’ average age of 50
found net reductions of approximately —2 mmHg
(2%) in SBP and —1 mmHg (1%) in DBP, but only
the SBP change was statistically significant (12). In
our study, the magnitude of aerobic training-in-
duced decreases is approximately — 5.4 mmHg and
—3.7 mmHg in resting SBP and DBP, or 3.9% and
4.5% reductions, respectively. When data were par-
titioned according to subject mean age (<65 vs
> 65 years and <70 vs >70 years), younger older
group had a smaller reduction in SBP net change
and effect size than older group, though it was sta-
tistically non-significant. More reductions in DBP
net change were observed in older group than in
younger older group, with statistically significant
larger effect sizes found in subjects with the mean
age older than 70 years. In addition, a statistically
significant larger effect size was observed in subjects
with the age span more than 15 years. These find-
ings imply that age and/or age span or range could
be an influenced factor when the researches on
older adults assess the effectiveness of aerobic exer-
cise on RBP and determine the magnitude of RBP
net changes consequent to such training. Unlike
many previous studies, this meta-analysis was spe-
cifically focus on older adults. The mean age of
1226 older subjects in the study was relatively nar-
row, ranging from approximately 61 to 83 years.
Reasonably, our results could be more representa-
tive of the aerobic training effects on resting SBP
and DBP for a specific segment of older population.
The presented magnitude of RBP reductions as a
result of controlled aerobic exercise may also be
considered a valid and closer estimate of the popu-
lation effect for individuals whose average age is
=60 years. Accordingly, these findings could be
beneficial to future prospective research on this area
and to professional practice such as exercise pre-
scriptions for older adults to promote their cardio-
vascular health.

This meta-analysis found that studies with a
smaller sample size produce significant larger RBP
reductions. In the above mentioned narrative review
(11), the larger SBP and DBP decrease was derived
from a relatively small sample size with 164 subjects
in SBP and 55 in DBP. There is a rule known as the
law of larger numbers related to sample size (52).
Specifically, a larger sample should be more accurate

than a smaller sample. Thus, a larger sample size
provides more representative information about the
defined population, decreases the error between the
sample mean and the population mean, and
increases the power of making a more precise esti-
mate. Therefore, our findings can be reasonably
considered more representative of accurate infor-
mation about the effects of aerobic exercise on rest-
ing SBP and DBP in older adults, given the fact that
the present study included a larger study sample
size, larger number of subjects from the selected
studies, and a relatively narrow age range of the
subjects.

The results of the current study have to be inter-
preted with caution due to limitations. This meta-
analysis synthesized the results of controlled clinical
studies from randomized and non-randomized tri-
als. However, no statistically significant differences
were detected for the net changes and effect sizes
in both SBP and DBP. We did not contact authors
of some studies with missing information or data.
However, our experience has shown considerable
time investment with a low response rate and little,
if any, additional information (53). This study was
restricted to only studies published in English; and
it might introduce language and publication bias
(54). To reduce publication bias and improve the
quality of future meta-analytic works, the pooling of
studies from other countries and languages other
than English is warranted. Another limitation is that
unpublished studies were not included. Although we
conducted a thorough literature search, the possibil-
ity of missing other useful sources from unpublished
studies may exist. Those studies, however, may be of
lower methodological quality than those published
in peer-reviewed journals. Importantly, we did search
and review dissertations and relevant reports to
minimize potential publication bias. Furthermore,
as suggested, we examined funnel plots to detect the
presence of bias in meta-analysis and the results
appeared to show the absence of bias. Although
potential sources provide a very limited amount of
additional information, future meta-analyses may
consider unpublished studies to fully reflect existing
evidence.

Our meta-analytic investigation provides some
new information to the body of knowledge specifi-
cally for previously sedentary older adults ages 61
to 83 in terms of the efficacy and effectiveness of
controlled aerobic exercise training to decrease
resting SBP and DBP. This training-induced RBP
adaptation is clinically important for the older pop-
ulation and has protective benefits to promoting
healthy cardiovascular aging, decreasing cardiovas-
cular risk factors, and providing clinical applica-
tions to prevent or treat cardiovascular disease.
Future prospective clinical studies should include a
larger sample size of at least 30 or more subjects.
Distinguished baseline blood pressure of subjects



(e.g. male or female, hypertensive or normotensive
older individuals) needs to be considered. The age
span of subjects in future studies is recommended
being as narrow as possible. Information of the
exercise regimens in most of the included studies is
useful to exercise prescriptions but the appropriate
level of aerobic training required for RBP health
benefit may be different for older men and women
and for older individuals in different age segments.
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