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Dynamic resistance exercise and resting blood pressure
in adults: a meta-analysis

GEORGE KELLEY
Fellow, American College of Sports Medicine, Exercise Science, Department
of Physical Education, Northern Illinois University, DeKalb, Illinois 60115

George, Kelley. Dynamic resistance exercise and resting
blood pressure in adults: a meta-analysis. J. Appl. Physiol.
82(5): 1559–1565, 1997.—With the use of the meta-analytic
approach, the purpose of this study was to examine the effects
of dynamic resistance exercise, i.e., weight training, on
resting systolic and diastolic blood pressure in adults. A total
of nine studies consisting of 259 subjects (144 exercise, 115
control) and 18 groups (9 exercise, 9 control) were included in
this analysis. With the use of the bootstrap technique (10,000
samples), significant treatment effect (D3) reductions were
found across all designs and categories for both systolic and
diastolic blood pressure [systolic, mean 6 SD 5 24.55 6 1.75
mmHg, 95% confidence interval (CI) 5 21.56 to 28.56;
diastolic, mean 6 SD 5 23.79 1 1.12 mmHg, 95% confidence
interval CI 5 21.89 to 26.33]. D3 changes corresponded with
relative decreases of ,3 and 4% in resting systolic and diastolic
blood pressure, respectively. In conclusion, meta-analytic
review of included studies suggests that dynamic resistance
exercise reduces resting systolic and diastolic blood pressure
in adults. However, it is premature to form strong conclusions
regarding the effects of dynamic resistance exercise on rest-
ing blood pressure. Aneed exists for additional, well-designed
studies on this topic before a recommendation can be made
regarding the efficacy of dynamic resistance exercise as a
nonpharmacological therapy for reducing resting blood pres-
sure in adults, especially in hypertensive adults.

research synthesis; cardiovascular; physical activity

AEROBIC EXERCISE is currently being promoted as a
lifestyle modification that lowers resting blood pres-
sure, especially in persons with elevated levels (1).
However, the effects of dynamic resistance exercise, i.e.,
weight training, on resting blood pressure have not
been clearly established. Indeed, controlled clinical
studies on this topic have led to conflicting results, with
four studies reporting no significant changes in either
resting systolic or diastolic blood pressure (3, 5, 15, 21),
two reporting significant decreases in both resting
systolic and diastolic blood pressure (17, 19), one report-
ing significant decreases in resting diastolic blood
pressure only (12), another reporting significant de-
creases in resting systolic blood pressure only (23), and
one final study reporting decreases in supine resting
diastolic blood pressure but no changes in supine
systolic or standing systolic and diastolic blood pres-
sure (14).
A recent position paper on this topic concluded that,

with the exception of circuit weight training, insuffi-
cient evidence exists for recommending strength train-
ing as the only form of exercise training for reducing
resting blood pressure in hypertensive individuals (1).
Other recent reviews on this topic have also been
cautious about concluding that dynamic resistance

exercise reduces resting blood pressure in adults (2, 9,
22, 24). Unfortunately, all of these reviews relied on the
traditional (narrative) approach, that is, on chronologi-
cally arranging and then describing studies. Synthesiz-
ing research in this manner generally results in subjec-
tive, nonreplicable conclusions. Contemporary research
synthesis requires statistical and technical, as well as
narrative and rhetorical, approaches.
Meta-analysis is a method of pooling the results of

separate studies in a systematic, explicit, comprehen-
sive, and replicable manner (8, 20). It is a quantitative
approach for increasing statistical power for primary
end points (units of analysis) and subgroups, address-
ing uncertainty when studies disagree, improving esti-
mates of effect sizes, and answering questions not
posed at the start of individual trials (8). Meta-analysis
is especially useful in summarizing prior research
when the number of studies is small and the number of
subjects within each study is small (20). This is the case
with the dynamic resistance exercise and blood pres-
sure literature. Knowledge regarding the potential
benefit of dynamic resistance exercise on resting blood
pressure is important because it represents a potential
cost-effective nonpharmacological method for control-
ling blood pressure.
A need exists to examine the literature regarding the

effects of dynamic resistance exercise on resting sys-
tolic and diastolic blood pressure in adults. Thus the
purpose of this study was to use the meta-analytic
approach to examine the effects of dynamic resistance
exercise on resting systolic and diastolic blood pressure
in adults.

METHODS

Literature Search

The review of literature was limited to clinical training
studies published between January 1966 and December
1995. Studies were obtained from a Medline computer search
as well as from hand searches and cross-referencing. The
search for studies in foreign language journals was limited to
a Medline computer search only. Inclusion criteria were as
follows: 1) subjects were adult humans, ages 18 yr and older,
2) dynamic resistance exercise was the only mode of training,
3) training studies could be of any duration, 4) changes in
resting systolic and diastolic blood pressure needed to be
reported, 5) nonexercise control group needed to be included,
and 6) studies needed to be published in journals.

Coding and Classifying Variables

All studies that met the criteria for inclusion were coded.
To avoid bias in selecting and rejecting studies, the decision to
include a paper was made by examining the methods and
results separately under coded conditions. A coding sheet was
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developed that could hold up to 96 variables. The major
categories coded included 1) study characteristics, 2) physical
characteristics of subjects, 3) blood pressure assessment
characteristics, 4) training program characteristics, and 5)
blood pressure results. The major study characteristics that
were coded included year of publication, number of groups,
number of subjects, percentage of men, percent compliance
(percentage of subjects who completed the study), study
design (randomized controlled vs. nonrandomized con-
trolled), and ethnic group. Major physical characteristics that
were coded for included age, body weight, percent body fat,
body mass index, maximum oxygen consumption, resting
heart rate, and strength, assessed as one repetition maxi-
mum (1RM). Blood pressure assessment variables that were
coded for included position, number of recordings at each
assessment period, Korotkoff phase for diastolic pressure,
time of day, rest period before assessment, length of time after
the last training session before assessment, and instrument
used. Training program characteristics (exercise groups only)
that were coded for included length of training, frequency,
sets, repetitions, rest between sets, number of exercises,
equipment used, adherence (percentage of exercise sessions
completed), and percent intensity (1RM). Blood pressure
variables that were coded included pre- and posttraining
measurements for resting systolic and diastolic blood pres-
sure.

Statistical Analysis

Main effects. The ‘‘treatment effect’’ (D3) was calculated to
account for changes in resting systolic and diastolic blood
pressure (25). This was accomplished by subtracting the
posttraining value from the pretraining value for both exer-
cise (D1) and control groups (D2) and then subtracting D2 from
D1 to yield D3. Ninety-five percent confidence limits were
established for D3. Because of the small sample size in this
investigation, the bootstrap technique (10,000 repeat samples,
95% confidence intervals) was used to estimate the reliability
of D3 changes (6). The bootstrap technique is a computer-
generated nonparametric method of estimating the reliability
of the original sample estimate. By randomly drawing from
the available sample, with replacement, samples of the same
size as the original are generated. Each time an observation is
selected for a new sample, each of the elements of the original
sample has an equal chance of being selected. This is similar
to replicating each member of a sample 10,000 times and
sampling without replacement. The main advantage of this
approach is that the estimate desired is not based on some
theoretical distribution but, rather, on the sample itself. This
frees one from the constraints of the central limit theorem.
Because no relationships between number of subjects and

changes in resting systolic and diastolic blood pressure were
found, no weighting procedures were employed. Graphic
analysis (box plots) was used to identify outliers beyond the
10th and 90th percentiles (28). If outliers were identified,
each individual outlier was examined to see whether there
was any physiological reason for their exclusion from the
analysis. If not, the outlier remained in the analysis.
Subgroup analysis. Independent t-tests were used to assess

differences between D3 changes partitioned according to
selected variables. However, if normality and/or equal vari-
ance was violated, Mann Whitney rank sum tests were used.
Treatment effects D3 were partitioned according to study
design (randomized controlled vs. nonrandomized con-
trolled), position of subject during blood pressure measure-
ment (sitting vs. supine), and blood pressure category (hyper-
tensive vs. normotensive). Hypertension was defined as a

resting systolic and/or diastolic blood pressure $140/90
mmHg. Treatment effects D3 were also examined by partition-
ing data according to whether femen were included as
subjects.
Correlational analysis. Pearson product moment or Spear-

man rank order correlations were used to examine relation-
ships between D3 changes in resting systolic and diastolic
blood pressure and selected variables. Variables correlated
included study characteristics (year of publication, number of
subjects, percentage of men, percent compliance), initial and
final physical characteristics (age, body weight, body mass
index, percent fat, lean bodymass,maximumoxygen consump-
tion, resting heart rate), blood pressure protocols (number of
measures, rest period before assessment of blood pressure),
training program characteristics (length, frequency, dura-
tion, number of sets, rest between sets, number of exercises,
percent adherence), and initial resting blood pressure.
Differences between other exercise and control group vari-

ables. With the exception of changes in resting systolic and
diastolic blood pressure, independent t-tests were used to
assess differences between exercise and control group vari-
ables. However, if normality and/or equal variance was
violated, Mann-Whitney rank sum tests were used. Variables
assessed included study characteristics (number of subjects,
percentage of men, percent compliance) and initial physical
characteristics (age, body weight, percent body fat, body mass
index, maximum oxygen consumption, resting heart rate,
resting systolic and diastolic blood pressure). Outcome charac-
teristics assessed included the following: body weight, per-
cent body fat, body mass index, maximum oxygen consump-
tion, and resting heart rate. Insufficient data were reported to
compare percent change in 1RM strength between exercise
and control groups. The significance level was set at P # 0.05
for all tests.

RESULTS

Study Characteristics

Study characteristics for included studies are shown
in Table 1. A total of nine studies consisting of 259
subjects (144 exercise, 115 control) and 18 groups (9
exercise, 9 control) were included in this analysis (3, 5,
12, 14, 15, 17, 19, 21, 23). Four of the studies included in
this analysis randomized subjects to an exercise or
control group (3, 5, 12, 15). For the five nonrandomized
trials (14, 17, 19, 21, 23), no matching procedures were

Table 1. Study characteristics

Reference

No. of
Subjects
(Ex/Con)

%Men
(Ex/Con)

%Compliance
(Ex/Con)

Randomized?
(Yes/No)

Blumenthal et al. (3) 31/22 58/68 89/96 Yes
Cononie et al. (5) 20/12 55/33 91/92 Yes
Harris and Holly (12) 10/16 100/100 100/100 Yes
Hurley et al. (14) 11/10 100/100 100/100 No
Katz and Wilson (15) 13/8 0/0 100/61 Yes
Lightfoot et al. (17) 12/8 100/NA 100/100 No
Norris et al. (19) 24/25 100/100 48/50 No
Smutok et al. (21) 14/10 100/NA 87/83 No
Stone et al. (23) 9/4 100/100 NA/NA No

%Men, percentage of subjectswhoweremen;%Compliance, percent-
age of subjects who completed the study; Ex/Con, exercise and control
groups, respectively; NA, data not available.
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reported. Approximately 79% of the exercising subjects
and 72% of the control subjects were men. Compliance,
defined as the percentage of subjects who did not drop
out of the study, ranged from 48 to 100% (mean 6 SD 5
92 6 15%) in the exercise groups and from 50 to 100%
(mean 6 SD 5 88 6 17%) in the control groups. No
significant differences were observed between exercise
and control groups in relation to number of subjects,
percentage of men, or percent compliance.

Physical Characteristics of Subjects

Table 2 lists the initial physical characteristics of the
subjects for each of the studies included in this analy-
sis. The mean age for each study ranged from 20 to 72
yr (mean6 SD, exercise5 406 17 yr; control5 416 17
yr). Initial mean body weight of the subjects in the
exercise and control groups combined ranged from ,74
to 89 kg (mean 6 SD, exercise 5 82 6 5 kg; control 5
80 6 9 kg). Initial mean percent body fat for exercise
and control groups combined ranged from ,19 to 30%
(mean 6 SD, exercise 5 25 6 4%; control 5 26 6 4%).
Initial mean body mass index (weight in kg divided by
height in m2) ranged from 25 to 29 kg/m2 for both
exercise and control groups combined (mean 6 SD,
exercise 5 27 6 2 kg/m2; control 5 27 6 2 kg/m2).
Maximum oxygen consumption ranged from 22 to 52
ml·min21 ·kg21 (mean 6 SD, exercise 5 36 6 9 ml·
min21 · kg21; control 5 34 6 10 ml·min21 ·kg21). Initial
mean resting heart rate ranged from 57 to 79 beats/min
(mean 6 SD, exercise 5 70 6 7 beats/min; control 5
70 6 8 beats/min). No statistically significant differ-

ences between exercise and control groups were found
for any of the initial or outcome characteristics listed in
Table 2. An increase of ,39% in 1RM strength was
found for the resistance-trained groups after comple-
tion of the training protocol.

Protocols for Blood Pressure Assessment

A summary of protocols for blood pressure measure-
ment is shown in Table 3. All of the studies used the
auscultatory cuff method for measuring resting blood
pressure. Approximately 55% of the studies measured
resting blood pressure with the subject in the sitting
position (3, 5, 12, 15, 21). One study also measured
resting blood pressure with the subject in the standing
position, but no data were reported for this position
(12). Approximately 67% of the studies reported using
an average of multiple measures for the determination
of resting systolic and diastolic blood pressure (3, 5, 14,
15, 21, 23). Of these six studies, three (3, 5, 14) reported
that resting blood pressure was assessed multiple
times on separate days after the exercise protocol was
completed. Only one study reported the length of time
after the last exercise session (24 h) before the first
series of blood pressure measurements were taken (5).
Four studies reported the Korotkoff sound at which
resting diastolic blood pressure was determined (3, 5,
15, 17) as well as the time of day at which blood
pressure was assessed (5, 12, 14, 17). Five of the studies
reported the rest period before the assessment of
resting blood pressure (5, 12, 15, 17, 23).

Table 2. Mean exercise and control group values for physical characteristics

Reference Age, yr Weight, kg
Body
Fat, %

BMI,
kg/m2

V̇O2max,
ml·min21 ·kg21

RHR,
beats/min

Blumenthal et al. (3) 4667/4668 81615/81618 2867/2964 2763/2663 3066/3165 7769/75611
Cononie et al. (5) 7263/7263 74614/6561 286NA/306NA NA/NA 22/22 6368/67614
Harris and Holly (12) 33616/31624 86639/84631 26615/25612 266NA/256NA 41620/42629 76632/74639
Hurley et al. (14) 4463/5262 87612/87610 2265/2063 NA/NA 3665/3066 NA/NA
Katz and Wilson (15) 226NA/196NA NA/NA NA/NA NA/NA NA/NA NA/NA
Lightfoot et al. (17) 2061/2562 7862/7562 NA/NA NA/NA 5261/5163 6563/5763
Norris et al. (19) NA/NA NA/NA NA/NA NA/NA NA/NA 77610/7968
Smutok et al. (21) 48612/5068 89612/89615 2665/2765 296NA/296NA 3368/28 NA/NA
Stone et al. (23) NA/NA 81613/NA 1966/NA NA/NA 4064/NA 6469/NA

Data are means 6 SD. BMI, body mass index; V̇O2max, maximal oxygen uptake; RHR, resting heart rate.

Table 3. Summary of protocols for blood pressure assessment

Reference
Subject’s
Position

Number of
Recordings

Diastolic
Phase

Time,
of
Day

Rest,
min Instrument Description

Blumenthal et al. (3) Sitting Mean of 12 5 NA NA Random-zero sphygmomanometer
Cononie et al. (5) Sitting Mean of 9 5 AM 15 Hawksley random-zero sphygmomanometer
Harris and Holly (12) Sitting 5 NA Same 5 Sphygmomanometer
Hurley et al. (14) Supine Mean of 12 NA Same NA Mercury sphygmomanometer
Katz and Wilson (15) Sitting Mean of 3 5 NA 10 Standard sphygmomanometer
Lightfoot et al. (17) Supine Once/min 4 Same 25 Colin STBP-680 automated machine
Norris et al. (19) NA NA NA NA NA Copal semiautomatic sphygmomanometer
Smutok et al. (21) Sitting Mean of 6 NA NA NA NA
Stone et al. (23) Supine Mean of 2 NA NA 10 NA

AM, before noon.
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Training Program Characteristics

The training program characteristics of the subjects
are summarized in Table 4. Length of training for the
studies ranged from 6 to 26 wk (mean 6 SD 5 14 6 6
wk).Most studies had subjects train 3 days/wk (range5
3–6 days/wk, mean 6 SD 5 3 6 1 days/wk), 1–3 sets
(mean 6 SD 5 2 6 1 sets), for 5–25 repetitions. The
mean number of repetitions for the studies could not be
calculated because none of the studies reported such
data. Only five of the studies (5, 12, 14, 21, 23) reported
the rest period between exercises (range 5 15–216 s).
The number of exercises performed during each session
ranged from 2 to 14 (mean 6 SD 5 11 6 2 exercises).
Only four studies (3, 5, 12, 17) reported the adherence
rates (percentage of exercise sessions attended) of
subjects to the dynamic resistance training program
(range 5 89–94%, mean 6 SD 5 92 6 3%). Only one
study reported the intensity (1RM) at which subjects
trained (12).

Blood Pressure Results

Main effects. Blood pressure values for individual
studies are shown in Table 5. Initial resting systolic

blood pressure ranged from 113.30 to 148.12 mmHg for
exercise groups (mean 6 SD 5 132.71 6 11.27 mmHg)
and from 115.20 to 146.10 mmHg for control groups
(mean 6 SD 5 131.84 6 10.22 mmHg). Initial resting
diastolic blood pressure ranged from 69.00 to 95.80
mmHg for exercise groups (mean6 SD 5 82.28 6 10.62
mmHg) and from 70.40 to 95.00 mmHg for control
groups (mean 6 SD 5 83.11 6 9.12 mmHg). No
statistically significant differences were found between
exercise and control groups for initial resting systolic or
diastolic blood pressure (systolic, P 5 0.87, diastolic,
P 5 0.87). Across all designs and categories, D3 reduc-
tions (mean 6 SD) in resting blood pressure were as
follows: systolic, 24.55 6 5.69 mmHg, 95% confidence
interval (CI) 5 20.18 to 28.93; diastolic, 23.72 6 3.46
mmHg, 95% CI 5 21.06 to 26.38. D3 changes in resting
systolic blood pressure ranged from ,2 to 215 mmHg,
whereas D3 changes in resting diastolic blood pressure
ranged from ,0 to 29 mmHg. D3 changes corresponded
with relative decreases of ,3 and 4% in resting systolic
and diastolic blood pressure, respectively. Examination
for outliers beyond the 10th and 90th percentiles
revealed two outliers each for resting systolic (3, 19)

Table 4. Training program characteristics for included studies

Reference
Length,
wk

Frequency,
days/wk

No. of
Sets

No. of
Reps Rest, s

No. of
Exercises

Equipment
Description

Adherence,
%

Blumenthal et al. (3) 16 2–3 NA NA NA NA NA 89
Cononie et al. (5) 26 3 1 8–12 60–120 10 Nautilus 95
Harris and Holly (12) 9 3 3 20–25 15 10 Universal 90
Hurley et al. (14) 16 3–4 1 8–20 15 14 Nautilus NA
Katz and Wilson (15) 6 3 1 11–15 NA 13 Nautilus NA
Lightfoot et al. (17) 12 3 4–5 5–8 NA 12 NA 94
Norris et al. (19) 10 3 3 NA NA 7 Universal NA
Smutok et al. (21) 20 3 2 12–15 90 11 Nautilus NA
Stone et al. (23) 8 6 3–5 5–10 216 2–5 Free NA

Adherence, %exercise sessions attended; free, free weights; reps, repetitions.

Table 5. Exercise and control group blood pressure results

Reference Group

Systolic Diastolic

Pre Post D3 Pre Post D3

Blumenthal et al. (3) Ex 143610 136611 9565 8966
Con 142612 13369 2 9566 9066 21

Cononie et al. (5) Ex 132616 132617 7869 78611
Con 137616 140616 23 8167 8366 22

Harris and Holly (12) Ex 142625 142624 96620 91625
Con 146626 146622 0 95612 93610 22

Hurley et al. (14) Ex 1296NA 1296NA 8467 7966
Con 128612 128610 0 8166 8466 28

Katz and Wilson (15) Ex 1136NA 996NA 716NA 626NA
Con 1156NA 1126NA 211 706NA 686NA 27

Lightfoot et al. (17) Ex 131610 12167 69610 6567
Con 123610 120610 27 72610 70610 22

Norris et al. (19) Ex 148614 134613 9269 8467
Con 135612 136611 215 87610 84610 210

Smutok et al. (21) Ex 137617 135615 8566 8367
Con 12869 12968 23 8467 8469 22

Stone et al. (23) Ex 119613 11569 7168 7167
Con NA6NA NA6NA 24 NA6NA NA6NA 0

Data are means 6 SD. Pre, before start of exercise program; Post, after exercise program was completed; D3, treatment effect change
calculated as change in control group (D2) minus change in exercise group (D1).
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and diastolic (19, 23) blood pressure. However, since
further examination of these outliers revealed no physi-
ological reason for their exclusion compared with other
outcomes, they remained in the analysis.
By using the bootstrap technique (10,000 samples) to

estimate the reliability of original estimates for D3
changes in resting blood pressure, significant D3 reduc-
tions supporting original sample estimates were shown
for both systolic and diastolic blood pressure (systolic,
mean 6 SD 5 24.55 6 1.75 mmHg, 95% CI 5 21.56 to
28.56; diastolic, mean 6 SD 5 23.79 6 1.12 mmHg,
95% CI 5 21.89 to 26.33).
Subgroup analysis. No statistically significant differ-

ences were found between D3 changes when studies
were partitioned according to whether they were ran-
domized controlled (n5 4) or nonrandomized controlled
(n 5 5) trials (mean 6 SD, systolic: randomized con-
trolled 5 22.60 6 5.35, nonrandomized controlled 5
24.25 6 3.77, P 5 0.60; diastolic: randomized con-
trolled 5 23.13 6 2.66, nonrandomized controlled 5
24.19 6 4.24, P 5 0.67). In addition, position of blood
pressure measurement in a subject (sitting, n 5 5;
supine, n5 3) did not affect D3 changes for either type of
blood pressure (mean 6 SD, systolic: sitting 5 22.94 6
5.34, supine 5 23.83 6 3.55, P 5 0.81; diastolic:
sitting 5 22.90 6 2.36, supine 5 23.20 6 4.33, P 5
0.90). When D3 changes were partitioned according to
whether groups were hypertensive (n5 3) or normoten-
sive (n 5 6), no significant differences were found for
either systolic or diastolic pressure (mean 6 SD, sys-
tolic: hypertensive 5 24.33 6 9.29 mmHg, normoten-
sive 5 24.67 6 3.83 mmHg, P 5 0.94; diastolic:
hypertensive 5 24.33 6 4.93 mmHg, normotensive 5
23.50 6 3.21 mmHg, P 5 0.76). Furthermore, no
significant differences were observed when studies that
included women (n 5 3) were compared with those that
did not (n 5 6) (mean 6 SD, systolic: women included 5
24.20 6 6.88 mmHg, women not included 5 24.73 6
5.72 mmHg, P 5 0.91; diastolic: women included 5
23.91 6 3.85 mmHg, women not included 5 23.33 6
3.21 mmHg, P 5 0.83).
Correlational analysis. No significant relationships

were observed between either systolic or diastolic D3
changes and study characteristics (year of publication,
number of subjects, percentage of men, percent compli-
ance), initial and final physical characteristics (age,
body weight, body mass index, percent fat, lean body
mass, maximum oxygen consumption, resting heart
rate), blood pressure protocols (number of measures,
rest period before assessment of blood pressure), train-
ing program characteristics (length, frequency, dura-
tion, number of sets, rest between sets, number of
exercises, percent adherence), and initial resting blood
pressure.

DISCUSSION

Previous narrative reviews (1, 2, 9, 22, 24) have
suggested that resistance exercise does not increase,
andmay have potential benefits, on resting systolic and
diastolic blood pressure. The overall results of this

study suggest that dynamic resistance exercise reduces
resting systolic and diastolic blood pressure by ,3 and
4%, respectively. The fact that bootstrap results for
both systolic and diastolic outcomes (95% confidence
intervals) compared very favorably with sample statis-
tics gives one greater confidence in the reliability of the
original sample estimates. While outliers were ob-
served in this study, further examination of each indi-
vidual study for unique characteristics that may ac-
count for the outlying outcome data could not be
identified. As a result, the outliers remained in the
analysis. Despite these positive results, the clinical
importance regarding the magnitude of such reduc-
tions could be questioned. However, it has been shown
that a reduction of 5 mmHg in resting blood pressure
would result in a 40% reduction in stroke and ,15%
reduction in myocardial infarction (4) among subjects
with essential hypertension who sustain this blood
pressure reduction.
The decreases described above compare to reductions

of ,4 mmHg found for both resting systolic and dia-
stolic blood pressure in this investigation. More impor-
tant than the finding that dynamic resistance exercise
may reduce resting blood pressure is the fact that this
investigation did not show an increase in either resting
systolic or diastolic blood pressure. These results sup-
port previous studies in which a lack of hypertension
was observed among strength and power athletes (7,
18). The increased resting blood pressure levels ob-
served in some strength and power athletes may be the
result of other factors. These include overtraining (13),
large increases in muscle mass (27), and/or the use of
androgens (29). While the mechanisms involved in the
exercise-induced reduction of resting blood pressure
are beyond the scope of this investigation, it has been
suggested that such changes may be the result of one or
more of the following: 1) decreases in plasma norepineph-
rine levels (11, 26), 2) decreases in total peripheral resis-
tance (10), and 3) alterations in renal function (16).
Whereas the results of this investigation provide

some valuable information, this study must be viewed
with regard to certain potential limitations. In general,
the very nature of meta-analysis dictates that the
meta-analysis itself inherits those potential limitations
that exist in the literature. One significant limitation of
this investigation was the paucity of available studies.
This fact alone warrants extreme caution in the inter-
pretation of results reported in this study. This may be
especially true in relation to subgroup analysis where
the existing data set is broken into smaller sets and
compared. For example, whereas there were no signifi-
cant differences for either systolic or diastolic blood
pressure when D3 results were partitioned by blood
pressure category (hypertensive vs. normotensive),
these results were based on a total of only nine outcome
measurements (3, 5, 12, 14, 15, 17, 19, 21, 23), with only
three (3, 12, 19) of the nine outcomes classified as
hypertensive. The real importance regarding the role of
resistance training in lowering blood pressure is
whether it does so in individuals with high blood
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pressure. It is generally believed that aerobic exercise
training lowers resting blood pressure more in patients
with moderate-to-severe hypertension, compared with
individuals with mild hypertension. The least effects
usually occur in subjects with normal blood pressure. It
would seem prudent to recommend that future studies
examining the effects of dynamic resistance exercise on
resting blood pressure make a special effort to include
hypertensive patients as subjects in their investiga-
tions.
A second limitation of this study, common to meta-

analytic research, was the absence of data for selected
variables. For example, only five studies reported the
rest period before the assessment of blood pressure (5,
12, 15, 17, 23), four reported the time of day in which
blood pressure was assessed (5, 12, 14, 17), and four
reported the diastolic phase in which blood pressure
was recorded (3, 5, 15, 17). In addition, only one study
reported the length of time between the last exercise
session and the first series of blood pressure measure-
ments (5). Because blood pressure is extremely vari-
able, future investigations should include a more com-
plete description of blood pressure measurement
techniques. This should include the type, position,
number of recordings, Korotkoff sound at which dia-
stolic blood pressure is assessed, time of day, number of
days, rest interval between measurements, and the
length of time after the last exercise session before
blood pressure is assessed. This latter factor is impor-
tant because of the hypotensive effect that occurs post-
exercise.
A second example was the lack of information on the

dynamic resistance training protocol used. Only one
study reported the intensity (percentage of 1RM) at
which subjects trained (12), four reported the adher-
ence rate of subjects to the training program (3, 5, 12,
17), and five reported the amount of time that subjects
rested between exercises (5, 12, 14, 21, 23). It seems
appropriate to recommend that future investigations
provide detailed information on the length, frequency,
intensity, and duration of the training program, as well
as the types of exercises performed, number of sets,
repetitions, and exercises, rest period between sets and
exercises, type of equipment used, and adherence rates
of the subjects to the training program. Such informa-
tion will allow one to more accurately quantify the
training stimulus. In the future, it is recommended
that authors report sufficient data on this topic and
that journal editors allow such data to be included in
the authors’ manuscript. Consequently, readers may
arrive at a more accurate conclusion regarding the
quality of the study and its findings.
In conclusion, meta-analytic review of included stud-

ies suggests that dynamic resistance exercise reduces
resting systolic and diastolic blood pressure in adults.
However, it is premature to form strong conclusions
regarding the effects of dynamic resistance exercise on
resting blood pressure. A need exists for additional,
well-designed studies on this topic before a decision can
be made regarding the efficacy of dynamic resistance

exercise as a nonpharmacological therapy for reducing
resting blood pressure in adults, especially hyperten-
sive adults.

Address for reprint requests: G. Kelley, Exercise Science, Dept. of
Physical Education, Anderson Hall, Northern Illinois Univ., DeKalb,
IL 60115 (email: gkelley@niu.edu).

Received 30 July 1996; accepted in final form 14 January 1997.

REFERENCES

1. American College of Sports Medicine. Physical activity,
fitness, and hypertension.Med. Sci. Sports Exercise 10: i-x, 1993.

2. Arrol, B., and R. Beaglehole. Does physical activity lower
blood pressure: a critical review of the clinical trials. J. Clin.
Epidemiol. 45: 439–447, 1992.

3. Blumenthal, J. A., W. C. Siegal, and M. Applebaum. Failure
of exercise to reduce blood pressure in patients with mild
hypertension: results of a randomized controlled trial. J. Am.
Med. Assoc. 266: 2098–2104, 1991.

4. Collins, R., R. Peto, R. MacMahon, P. Hebert, N. H. Fie-
bach, K. A. Eberlein, J. Godwin, N. Qizilbash, J. O. Taylor,
and C. H. Hennekens. Blood pressure, stroke, and coronary
heart disease. Short-term reductions in blood pressure: overview
of randomised drug trials (Pt. 2). Lancet 335: 827–838, 1990.

5. Cononie, C. C., J. E. Graves, M., L. Pollock, M. I. Phillips, C.
Sumners, and J. M. Hagberg. Effect of exercise training on
blood pressure in 70- to 79-yr-old men and women. Med. Sci.
Sports Exercise 23: 505–511, 1991.

6. Efron, B., and R. J. Tibshirane. An Introduction to the
Bootstrap. NewYork: Chapman and Hall, 1993, p. 10–15.

7. Fleck, S. J., and L. S. Dean. Resistance-training experience
and the pressor response during resistance exercise. J. Appl.
Physiol. 63: 116–120, 1987.

8. Glass, G. V., B. McGaw, and M. L. Smith. Meta-Analysis in
Social Research. Newbury Park, CA: Sage, 1981, p. 21–24.

9. Gordon, N. F., C. B. Scott, W. J. Wilkinson, J. J. Duncan,
and S. N. Blair. Exercise and mild essential hypertension:
recommendations for adults. Sports Med. 10: 390–404, 1990.

10. Hagberg, J. M., A. A. Ehsani, D. Goldring, A. Hernandez,
D. R. Sinacore, and J. O. Holloszy.Effect of weight training on
blood pressure hemodynamics in hypertensive adolescents. J.
Pediatr. 104: 147–151, 1984.

11. Hagberg, J. M., S. J. Montain, and W. H. Martin. Blood
pressure and hemodynamic responses after exercise in older
hypertensives. J. Appl. Physiol. 64: 348–353, 1989.

12. Harris, K. A., and R. G. Holly. Physiological responses to
circuit weight training in borderline hypertensive subjects.Med.
Sci. Sports Exercise 19: 246–252, 1987.

13. Hunter, G. R., and J. P. McCarthy. Pressor response associ-
ated with high-intensity anaerobic training. Phys. Sports Med.
11: 151–152, 1983.

14. Hurley, B. F., J. M. Hagberg, A. P. Goldberg, D. R. Seals,
A. A. Ehsani, R. E. Brennan, and J. O. Holloszy. Resistive
training can reduce coronary risk factors without altering V̇O2max
or percent body fat.Med. Sci. Sports Exercise 20: 150–154, 1988.

15. Katz, J., and B. R. A. Wilson. The effects of a six-week,
low-intensity Nautilus circuit training program on resting blood
pressure in femen.J. Sports Med. Phys. Fitness 2: 299–302, 1992.

16. Kenney, W. L., and E. J. Zambraski. Physical activity and
human hypertension—a mechanisms approach. Sports Med. 1:
459–473, 1984.

17. Lightfoot, J. T., D. J. Torok, T. W. Journell, M. J. Turner,
and R. P. Claytor. Resistance training increases lower body
negative pressure tolerance.Med. Sci. Sports Exercise 26: 1003–
1011, 1994.

18. MacDougall, J. D., G. R. Ward, D. G. Sale, and J. R. Sutton.
Biochemical adaptations of human skeletal muscle to heavy
resistance training and immobilization. J. Appl. Physiol. 43:
700–703, 1977.

19. Norris, R., D. Carroll, and R. Cochrane. The effects of aerobic
and anaerobic training on fitness, blood pressure, and psychologi-
cal stress and well-being. J. Psychosom. Res. 34: 367–375, 1990.

1564 DYNAMIC RESISTANCE EXERCISE AND BLOOD PRESSURE

 on M
arch 6, 2006 

jap.physiology.org
D

ow
nloaded from

 

http://jap.physiology.org


20. Petitti, D. B. Meta-analysis, Decision Analysis, and Cost-
effectiveness Analysis: Methods for Quantitative Synthesis in
Medicine.NewYork: Oxford Univ. Press, 1994, p. 15–20.

21. Smutok, M. A., C. Reece, P. F. Kokkinos, C. Foimer, P.
Dawson, R. Shulman, J. DeVone-Bell, J. Patterson, C.
Charabogos,A. P. Goldberg, and B. F. Hurley.Aerobic versus
strength training for risk factor intervention in middle-aged men
at high risk for coronary heart disease.Metabolism 42: 177–184,
1993.

22. Stone, M. H., S. J. Fleck, N. T. Triplett, and W. J. Kraemer.
Health and performance related potential of resistance training.
Sports Med. 11: 210–231, 1991.

23. Stone, M. H., G. D. Wilson, and R. Rozenek. Cardiovascular
responses to short-term olympic style weight-training in young
men. Can. J. Sport Sci. 8: 134–139, 1983.

24. Tipton, C. M. Exercise, training, and hypertension: an update.
Exercise Sport. Sci. Rev. 9: 447–505, 1991.

25. Tran, Z. V., and A. Weltman. Differential effects of exercise on
serum lipid and lipoprotein levels seen with changes in body
weight: a meta-analysis. JAMA. 254: 919–924, 1985.

26. Urata, H., Y. Tanabe, A. Kiyonaga, M. Ikeda, H. Tanaka,
M. Shindo, and H. Arakawa. Antihypertensive and volume
depleting effects of mild exercise on essential hypertension.
Hypertension 9: 245–252, 1987.

27. Viitasalo, J. T., P. V. Komi, and J. J. Koronen. Muscle
strength and body composition as determinants of blood pressure in
youngmen.Eur. J. Appl. Physiol. Occup. Physiol.42: 165–173, 1979.

28. Williamson, D. F., R. A. Parker, and J. S. Kendrick. The box
plot: a simple visual method to interpret data. Arch. Intern. Med.
110: 916–921, 1989.

29. Wright, J. E. Anabolic steroids and athletics. In: Exercise
and Sport Sciences Review, edited by R. S. Hutton and D. I.
Miller. Philadelphia, PA: Franklin Press Institute, 1980, vol. 8, p.
149–202.

1565DYNAMIC RESISTANCE EXERCISE AND BLOOD PRESSURE

 on M
arch 6, 2006 

jap.physiology.org
D

ow
nloaded from

 

http://jap.physiology.org

