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Progressive Resistance Exercise and Resting Blood Pressure
A Meta-Analysis of Randomized Controlled Trials

George A. Kelley, Kristi Sharpe Kelley

Abstract—Hypertension is a major public health problem affecting an estimated 43 million civilian, noninstitutionalized
adults in the United States (24% of this population). The purpose of this study was to use the meta-analytic approach
to examine the effects of progressive resistance exercise on resting systolic and diastolic blood pressure in adult humans
Studies were retrieved via (1) computerized literature searches, (2) cross-referencing from original and review articles,
and (3) review of the reference list by 2 experts on exercise and blood pressure. Inclusion criteria were as follows: (1)
trials that included a randomized nonexercise control group; (2) progressive resistance exercise as the only intervention;
(3) adult humans; (4) journal articles, dissertations, and masters theses published in the English-language literature; (5
studies published and indexed between January 1966 and December 1998; (6) resting systolic and/or diastolic blood
pressure assessed; and (7) training studies lasting a minimum of 4 weeks. Across all designs and categories, fixed-effect
modeling yielded decreases 2% and 4% for resting systolic and diastolic blood pressure, respectively {nstan
systolic,—3+3 mm Hg; 95% bootstrap Ch 4 to —1 mm Hg; mean=SD diastolie;3+=2 mm Hg; 95% bootstrap Cl,

—4to —1 mm Hg). It was concluded that progressive resistance exercise is efficacious for reducing resting systolic and
diastolic blood pressure in adults. However, a need exists for additional studies that limit enrollment to hypertensive
subjects as well as analysis of data with an intention-to-treat approach before the effectiveness of progressive resistanc
exercise as a nonpharmacological intervention can be deternfiigpertension. 2000;35:838-843.)

Key Words: exercisem blood pressura meta-analysis

ypertension, defined as resting systolic and/or diastolic from small sample sizes, thus increasing the risk of incor-

blood pressure=140/90 mm Hg, is a major public  rectly concluding that progressive resistance exercise has no
health problem affecting an estimated 43 million civilian, positive effect on resting systolic and diastolic blood pressure
noninstitutionalized adults in the United States (24% of this in adults. Additionally, because some of the studies were not
population)t Recently, the Sixth Report of the Joint National specifically testing the hypothesis of progressive resistance
Committee on the Prevention, Detection, Evaluation, and exercise on blood pressure, the standardized mechanisms for
Treatment of High Blood Press@reecommended adherence assessing blood pressure may not have been as rigorous as
to the physical activity guidelines outlined in the Surgeon those studies specifically testing for such a hypothesis.
General’'s Repottfor lowering resting blood pressure. This Consequently, the lack of observed effect in these studies
includes moderately intense aerobic exercise at 40% to 60%could be due to measurement bias. Furthermore, use of the
of maximum oxygen consumption, such as 30 to 45 minutes vote-counting method (counting the number of studies yield-
of brisk walking on most days of the weélt has been ing statistically significant versus nonsignificant results and
suggested that progressive resistance exercise may also lowedeclaring the one with the most votes the winner) has been
resting blood pressure, possibly by reducing peripheral resis- criticized because (1) it does not incorporate sample size into
tance at rest.However, absent from the previous recommen- the vote, (2) it does not allow one to determine the magnitude
dations was the promotion of progressive resistance exerciseof the treatment effect, and (3) it has been shown to have very
for controlling resting blood pressure levels. This is not low poweré Meta-analysis is a quantitative approach in
surprising given the lack of statistically significant and which individual studies addressing a common problem are
positive findings regarding the use of progressive resistance statistically combined to arrive at conclusions about a body of
exercise as a nonpharmacological intervention for controlling researcli® Meta-analysis allows one to (1) improve power for
resting blood pressure in adu#t$s For example, only 7% primary outcomes and subgroup analyses, (2) help resolve
and 13% of the aforementioned studies reported statistically uncertainty when studies disagree, (3) improve estimates of
significant reductions in resting systolic and diastolic blood treatment effectiveness, and (4) answer questions not posed at
pressure, respectively. However, most of these studies sufferthe start of individual trial$? A need exists to use a
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quantitative approach to examine the effects of progressive pressure to examine at what point in time, if any, the primary
resistance exercise on resting systolic and diastolic blood outcome measures stabilized.

pressure in adults. Thus, the purpose of this study was to use Publication bias (the tendency for studies to be published that
) ’ yield statistically significant and positive results) was examined with

the meta-analytic approach to examine the effects of progres-ine endailr rank correlation test (.22 This consisted of correlating
sive resistance exercise as a nonpharmacological interventiorobserved outcomes, ie, changes in resting systolic and diastolic
for reducing resting systolic and diastolic blood pressure in pressure, with sample size. Study quality was assessed with a 3-item
adult humans. questionnaire designed to assess bias, specifically, randomization,
blinding, and withdrawals/dropout8. The minimum number of
points possible was 0, and the maximum was 5. All questions were
Methods designed to elicit responses of yes (1 point) or no (0 points).
Data Sources Completion of the questionnaire requiredlO minutes per study.
The questionnaire has been shown to be both valid (face validity) and

Computerized literature searches of articles indexed between January_ . . :
1966 and December 1998 were performed with the use of reliable (researcher interrater agreement0.77; 95% CI, 0.60 to

o X ;
MEDLINE, Embase, Current Contents, Sport Discus, and Disserta- 0.86)?° We chose this SC"’.‘le Over numerous otffesecause it .
tion Abstracts International databases. However, since c:omputer"’lppe'r’lrS to be the most valid and reliable scale that currently exists

searches have been shown to yield less than two thirds of relevantalnd has been successfully used in the Past. .

articlesi® the reference lists from both original and review articles . Secondary outcomes, i€, changes in body yvelght, body mass
retrieved were also reviewed to identify any studies that had not been "d€X. percent body fat, lean body mass, maximum oxygen con-

previously identified and that appeared to contain information on the Sumr?t'é’n’ anﬁ resftlng heart rate, wer:e examined with the I_sam%
topic of interest. In addition, 2 experts on exercise and blood pressure methods as those for examining net changes In resting systolic an

(Dr James Hagberg and Dr Douglas Seals) reviewed our referenced'aStOIIC blood pressure.

list for thoroughness and completeness. Moderator Analysis
. For categorical variables as well as study quality, subgroup analyses
Study Selection were performed with ANOVA-like procedures for meta-analysis.

Inclusion criteria for this study were as follows: (1) randomized trials  Net changes in resting systolic and diastolic blood pressure were
that included a nonexercise control group; (2) progressive resistanceexamined when data were partitioned according to source of publi-
exercise as the only intervention; (3) adult humans (aged 18 and cation (journal compared with other), country in which study was
older) as subjects; (4) journal articles, dissertations, and mastersconducted (United States compared with other), study quatiy (
theses published in the English-language literature; (5) studies compared with=2), whether subjects were hypertensive or not
published and indexed between January 1966 and December 1998(systolic, <140 mm Hg compared witt=140 mm Hg; diastolic,

(6) resting systolic and/or diastolic blood pressure assessed; and<90 mm Hg compared witt=90 mm Hg), type of blood pressure

(7) training studies lasting a minimum of 4 weeks. instrument used (electronic compared with manual), position of
] subject when blood pressure was assessed (sitting compared with
Data Extraction supine), and type of progressive resistance training program (con-

Coding sheets that could hold 241 items were developed and used inventional compared with circuit). Because of the potential for a lack
this investigation. To avoid interobserver bias, all data were inde- of rigor in the assessment of blood pressure and subsequent increase
pendently extracted by 2 authors. The authors then met and reviewedin measurement bias for those studies not specifically testing the
every item for accuracy and consistency. Disagreements were hypothesis of progressive resistance exercise on blood pressure, we
resolved by consensus. The major categories of variables codedalso performed subgroup analysis according to those studies that
included (1) study characteristics, (2) physical characteristics of were specifically testing for such a hypothesis compared with those
subjects, (3) blood pressure assessment characteristics, and (4) exthat were not. Randomization tests (5000 iterations) were used to

ercise program characteristics. determine the significance level for between group differences, while
95% BCI were generated from 5000 iterations.

Statistical Analysis To examine the influence of continuous variables on changes in
resting systolic and diastolic blood pressure, least squares regression

Primary and Secondary Outcomes models, calculated with each effect size weighted by the reciprocal

The primary outcomes in this study were changes in resting systolic of its variance, were used.

and diastolic blood pressure, analyzed separately. Since all studies Unless otherwise noted, all data are reported as m&an All Cls

were parallel trials, net changes in blood pressure were calculated asreported were based on 5000 bootstrap iterations, corrected for bias.
the difference (exercise minus control) of the changes (initial minus The « level for a type | error was set &=0.05. Thea level for

final) in these mean values. Pooled effect sizes were calculated by between-group differences for subgroup analyses was derived from
assigning weights equal to the inverse of the total variance for net randomization tests (5000 iterations). Bonferroni adjustments were
changes in blood pressure. Because of the small sample size in thisnot made because of the increased risk of a type Il error.

study, bootstrap resampling (5000 iterations) was used to generate

95% bootstrap confidence intervals (BCI) around mean effect size Results

changes for resting systolic and diastolic blood pressurehe

number of iterations chosen was based on previous research dem-Study Characteristics

onstrating that improvement of estimation accuracy was limited A total of ~11 700 studies were located, and the title and

beyond 5000 iteratior®. If the 95% Cl included zero (0.00), itwas  gpstract were reviewed to determine whether they met the

concluded that there was no effect of progressive resistance exercise_ .. . . . .
on blood pressure. Heterogeneity of net changes in resting systolic criteria for inclusion. Of these, 12 studies met the necessary

and diastolic blood pressure was examined with the Q statfsor criterig52¢ however, we were unable to include 1 study in
all analyses, a fixed-effects model was used if results were homo- the final analysis because of inability to obtain missing blood
geneous, while a random-effects model was used if heterogeneity pressure datz Thus, our percent loss that met our inclusion
was preserit: criteria was~8%. The per person time to code each study

To examine the influence (sensitivity) of each study on the overall
results, analyses were also performed with each study deleted from©O"NCe ranged from 0.52 to 1.75 hours (me&D, 0.96=0.40

the model. Cumulative meta-analyses, ranked by year, were alsohours). Six of the studies were published in jourrfe#g9—12.5
performed for net changes in resting systolic and diastolic blood and 5 were doctoral dissertation?1314Nine of the studies
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TABLE 1. Initial Characteristics of Subjects Blood Pressure Assessment Characteristics
For those studies that reported information on the type of

Variable No. Exercise No. Control . .

instrument used to assess resting blood pressure, 3 reported
Age,y 13 47.2:209 1 474208 using a manual sphygmomanometé#>3 used an electronic
Height, cm 6 170362 4 169.3+88 sphygmomanometério.14and 1 used a semielectronic sphyg-
Weight, kg n 75.2*11.4 9 743126 momanometet.Five studies assessed resting blood pressure
BMI, kg/m’ 8 26.1x25 6 257x29 with the subject in the seated positi®®11-133 in the supine
Fat, % 7 27.9+7.1 5 28.2-6.4 position®7-1%and 1 in both the sitting and supine positiéAs.
LBM, kg 7 50.9+7.8 5 50.0+9.9 For those studies that reported such déi&;1°121415he
Vo,max, mUkg~"/min"" 9 28875 7 30.9+8.2 number of measures taken to arrive at amean blood pressure
RHR, bpm 1 711458 8 70.9+5.0 level ranged from 3 to 20. The rest period before assessment

of resting blood pressure ranged from 5 to 15 minG#es;15

while the rest period between assessments ranged between 1
and 5 minutes-815 Three studies used the fifth Korotkoff
sound to assess resting diastolic blood pressgitéwhile 1

used the fourth Korotkoff soun.Only 2 studies reported the
time after the last exercise session before resting blood
pressure was assessed, with 1 reporting assessment 24 hours
after exerciseand the other 36 to 72 hours after exercise.
While none of the studies reported any specific information
on blinding, 3 studies reported using a random-zero sphyg-
momanometer in the assessment of resting blood
pressure.s.1s

No. indicates number of groups reporting data; BMI, body mass index; LBM,
lean body mass; Vo,max, maximum oxygen consumption; and RHR, resting
heart rate.

were conducted in the United Stetes'-14and 1 each in
Belgiumts and Australiat® The 11 studies included in the
final analysis represented initial and final blood pressure
assessment in a total of 320 subjects (182 exercise, 138
control). There were a total of 14 exercise and 12 control
groups, from which a total of 15 primary outcomes were
generated (some studies had group and/or assessed blood
pressure in>1 position). The average number of subjects in
each group ranged from 6 to 31 in the exercisers (e, Training Program Characteristics

13+6) and 5 to 22 in the controls (mean=SD, 12£5). For | opqih of training in the studies ranged from 6 to 30 weeks
those groups in which data were available, percent dropout, (mean=SD, 14+6 weeks), frequency from 2 to 5 times per

defined as the number of subjects yvho did not cpmplete the \yeek (mean+SD, 3+1 times per week), intensity from 30%
study, ranged from 0% to 58% in the exercise groups ;4 9o of 1 repetition maximum (RM) (mearSD, 35+7%),
(mean=SD, 18+20%) and 0% to 38% in the control groups 54 quration from 20 to 60 minutes per session (MeBD
(11+13%). All of the studies appeared to use an analysis-by- 38--14 minutes). The number of sets per exercise session
protocol approach in the analysis of their blood pressure data. ranged from 1 to 4 (mean=SD, 2+1), while the number of
Study quality ranged from 1 to 3 (mea$D, 2:£1). exercises performed ranged from 6 to 14 (mean=SD, 10=3).
Subi ch . Because most studies reported the range versus the mean for
Ul ject - araCte“StIC.s . . the number of repetitions performed as well as the rest period
Initial subject characteristics for the exercise and control between exercises. we were unable to calculate an overall

grm;lps are shhown in Table lf' For those grc;ups thft report%dmean’ SD, and between-group range of means for these data.
such data, the percentage of men ranged from 0% to lOO/"However, the within-group number of repetitions performed

(mean=SD, 50+£42%). Three studies reported that all of the ¢, o4ch set ranged between 4 and 50, while the rest period
subjects were mafe;*:*another 3 reported that all of the  poyeen sets ranged from 15 to 120 seconds. Compliance,
subjects were female?2and 4 reported that both men and  yefineq as the percentage of exercise sessions attended,
women were include#.10.14For the 4 studies that reported ranged from 89% to 93% (mearSD, 91+2%). Five of the
information on race, all reported that the majority of subjects ¢ qies reported using a circuit training protogeko-12

were white3-7-14 Two studies reported that none of the

subjects were taking any antihypertensive medications before Primary and Secondary Outcomes

or during the studys-**another reported that subjects were |nitial and final blood pressure results for each study are shown
taken off antihypertensive medications 4 weeks before being in Table 2. Initial resting systolic blood pressure ranged from
screened for the studyand another reported that some 104 to 151 mm Hg in the exercise groups (me&D,
subjects were taking antihypertensive medications both be-125+14 mm Hg) and from 99 to 153 mm Hg in the control
fore and during the studyOne study that included hyper-  groups (mean$D, 125+16 mm Hg). For resting diastolic
tensive subjects did not report any information about antihy- blood pressure, initial values ranged from 63 to 96 mm Hg in the
pertensive therap¥t Three studie®—*2reported that none of  exercise groups (mearSD, 76+10 mm Hg) and from 57 to
the subjects smoked cigarettes, while 1 reported that some 0f95 mm Hg in the control groups (measD, 75+11 mm Hg).

the subjects smokedNone of the studies reported informa-  Across all designs and categories, decreases28b and 4%

tion on the consumption of alcohol. The 3 studies that were found for resting systolic and diastolic blood pressure,
provided information on diet reported that no significant respectively (meahSDsystolic,—3+3 mm Hg; 95% BCl,—4
changes in diet occurred throughout the stéidy All of the to —1 mm Hg; mean=SD diastolic,—3x2 mm Hg; 95% BCl,
studies reported that the subjects were previously inactive —4 to —1 mm Hg). Primary outcome results were based on a
before the start of the investigatiérts fixed-effects model because of a lack of statistically significant
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TABLE 2. Blood Pressure Results From Individual Studies

Systolic, mm Hg Diastolic, mm Hg
Author Group No. Assessed Initial Final Initial Final
Belless Exercise 14 122.36+11.85 121.57+=NA 82.57+9.56 79.14=NA
Control 10 NA==NA NA-=NA NA==NA NA==NA
Blumenthal et al® Exercise 31 143+10.3 136=+11.6 95+5.4 89+6.4
Control 22 14212 133+8.6 95+6.2 90+6.2
Byrne” Exercise 10 118.9+9.8 115.9+10.75 71.8+5.38 69.7+5.69
Control 9 115+11.7 115.7+14.09 71.7+5.39 71.4+8.39
Cononie et al® Exercise, normotensives 14 122+8 122+11 76+9 75+10
Exercise, hypertensives 6 1517 15111 82+9 82+14
Control, normotensives 7 1267 129+7 78+6 81x5
Control, hypertensives 5 163=7 15610 85+8 85+6
Don? Exercise, high intensity 12 104.1+5.6 104.8+6.3 62.9+4.1 62.7+4.4
Exercise, moderate intensity 12 105.7+11.3 104.6+9.7 63.8+7.6 63.3+6.1
Control 11 98.7+8.7 100.4+6.2 57.2%5 57.8+2.8
Dunstan et al'® Exercise 11 126+9.95 127+9.95 73+6.63 73%+6.63
Control 10 130+12.65 127+12.65 72+6.32 72+6.32
Harris and Holly" Exercise 10 141779 142.3+7.5 95.8+6.4 91.3+8
Control 16 146.1+8.2 145.8+6.9 94.6+3.8 92.6+3.3
Katz and Wilson'2 Exercise 13 113.3+£11.6 99.1+13.6 70.9+6.8 62+7.8
Control 8 115.2+8.3 112.5+5.8 70.4%6 68.5+6.7
Moul3 Exercise 14 136.57+12.2 131.42+12.53 81.14+9.43 77.85+9.99
Control 15 133.25+12.94 132.12+13.13 77.38+10.81 77+9.99
Tsutsumi™ Exercise, high intensity 13 109.8+18.8 103.7x17.4 65+9.9 62.3+9.9
Exercise, low intensity 14 124.2+16.4 110.8x15 72.6+9.5 67.5+9.1
Control 14 122+11.8 125.4+141 72.4+8.1 76+9.8
Van Hoof et al's Exercise, supine 8 126+9 124+5 71+8 6711
Exercise, sitting 8 129+8 125+6 81+10 76=5
Control, supine 11 121+14 11611 69+11 62+15
Control, sitting 1 124+15 120+9 7814 7611

Data are listed as reported in studies (mean=SD). NA indicates not available.

heterogeneity for both resting systolic€Q5.89,P=0.32) and was reported for exercise groups only with increases ranging
diastolic (Q=14.42,P=0.42) blood pressure. When limited to  from 15% to 62% (mean*=SD, 34+=12%).

study results that appeared in journals, no publication bias was

found for changes in either resting systolic or diastolic blood Moderator and Regression Analyses

pressure (systolicr,=0.23, P=0.42; diastolic, r,=—0.15, No statistically significant differences or relationships were
P=0.59). With each study deleted from the model once, changesobserved when changes in resting systolic and diastolic blood
ranged from—2 to —3 mmHg for resting systolic blood pressure were partitioned or regressed according to (1) study
pressure and-2 to —4 mm Hg for resting diastolic blood characteristics, (2) blood pressure assessment characteristics,
pressure. Cumulative meta-analysis, ranked by year, showed thaf3) physical characteristics, and (4) training program

changes had remained constant over time (systolic rangjéo characteristics.
—4 mm Hg; diastolic range;-3 to —4 mm Hg).

For secondary outcomes, small but statistically significant Discussion
decreases were found for percent body fat (me3D, The overall results of this study suggest that progressive
—2%1%; 95% BCI,—3% to —2%), while statistically sig- resistance exercise results in small reductions in resting
nificant increases were found for lean body mass (me2D, systolic and diastolic blood pressure. While such small

4+1 kg; 95% BCI, 3 to 7 kg). No statistically significant reductions may do little in reducing cardiovascular disease
changes were found for body weight, body mass index, morbidity and mortality, it has been shown that small
maximum oxygen consumption, or resting heart rate. We reductions similar to these have resulted in a decreased risk
were unable to compare changes in muscular strength be-for stroke and coronary heart dise&3d/ore importantly,
tween exercise and control groups because of missing data forit does not appear that progressive resistance exercise
the control groups. Thus, percent change in muscular strengthraises resting blood pressure. Although the results are
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promising, additional definitive research on stage 2+ treatment works or not. In this design, the results from
hypertensives is needed. subjects who drop out of the treatment group are not included
An interesting finding of this study was the paucity of in the final analysis. In contrast, an intention-to-treat ap-
outcomes for hypertensive subjects. Only 20% of the out- proach, which is designed to judge whether a treatment is
comes were based on a mean initial resting systolic blood effective or not, includes dropouts in the final analySis.
pressure=140 mm Hg, while only 13% had a mean initial  ynfortunately, few clinical trials attempt to address the
resting diastolic blood pressure90 mm Hg. It may be that  qguestion of effectiveness. It is important that future clinical
the addition of more studies in which enrollment was limited a1 examining the effects of progressive resistance exercise
to hypertensive subjects would have resulted in greater op, resting blood pressure in adults include an examination of
decreases in resting blood pressure. Since hypertensive adultﬁ,Ie effectiveness of such an intervention. This may be

E{Obgbly have thfe tmost :([0 dga'“ fron; Lovv;en_r;g thellrl rest:ntg] especially true given the fact that only 16% of adults between
0od pressure, future studies need to imit enroiiment 10 ., ages of 18 and 64 years in the United States reported that

subjects initially classified as hypertensive. Since persons - . . .
e . . : they participate in a regular program of progressive resistance
with isolated systolic hypertension (systolic blood pressure exerciseo

>140 mm Hg and di lic bl r mm H . . . .
0 g and diastolic blood pressure0 9 In conclusion, meta-analysis of included studies supports

routinely are not treated with pharmacological agents, the the effi ¢ . ist ise f duci
inclusion of these types of subjects in future studies would € eflicacy of progressive resistance exercise for reducing

also seem warranted. In our investigation, decreases ofresting systolic and diastolic blood pressure in adults. How-
3 mmHg were found for the only study in which the ever, a need exists for additional studies that limit enrollment

summary means resulted in the subjects being classified asl® hypertensive subjects as well as analysis of data using an
having isolated systolic hypertensidrin addition, since intention-to-treat approach so that the effectiveness of pro-
antihypertensive medication use was reported in only 4 gressive resistance exercise as a nonpharmacological inter-
studies3#14.15the inclusion of such information as well as its  vention can be determined.

potential interaction should be taken into account in future
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