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Background: Because of age-related differences in the
cause of hypertension, it is uncertain whether current ex-
ercise guidelines for reducing blood pressure (BP) are ap-
plicable to older persons. Few exercise studies in older
persons have evaluated BP changes in relation to changes
in body composition or fitness.

Methods: This was a 6-month randomized controlled
trial of combined aerobic and resistance training; con-
trols followed usual care physical activity and diet ad-
vice. Participants (aged 55-75 years) had untreated sys-
tolic BP (SBP) of 130 to 159 mm Hg or diastolic BP (DBP)
of 85 to 99 mm Hg.

Results: Fifty-one exercisers and 53 controls com-
pleted the trial. Exercisers significantly improved aero-
bic and strength fitness, increased lean mass, and re-
duced general and abdominal obesity. Mean decreases
in SBP and DBP, respectively, were 5.3 and 3.7 mm Hg
among exercisers and 4.5 and 1.5 mm Hg among con-

trols (P� .001 for all). There were no significant group
differences in mean SBP change from baseline (–0.8
mm Hg; P=.67). The mean DBP reduction was greater
among exercisers (–2.2 mm Hg; P=.02). Aortic stiffness,
indexed by aortofemoral pulse-wave velocity, was un-
changed in both groups. Body composition improve-
ments explained 8% of the SBP reduction (P=.006) and
17% of the DBP reduction (P�.001).

Conclusions: A 6-month program of aerobic and resis-
tance training lowered DBP but not SBP in older adults
with mild hypertension more than in controls. The con-
comitant lack of improvement in aortic stiffness in ex-
ercisers suggests that older persons may be resistant to
exercise-induced reductions in SBP. Body composition
improvements were associated with BP reductions and
may be a pathway by which exercise training improves
cardiovascular health in older men and women.
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E XERCISE IS RECOMMENDED

for reducing blood pres-
sure (BP); however, the ex-
isting studies in older per-
sons are generally small and

have inconsistent results.1 In younger per-
sons, hypertension often results from a
higher cardiac output state,2 whereas in
older persons, hypertension more often re-
sults from increased peripheral vascular re-
sistance2 and large artery stiffening.3 Be-
cause of age-related differences in the cause
of hypertension, it is not certain whether
current exercise guidelines for hyperten-
sion1 fully apply to older persons.

Loss of muscle mass and increased total
fat, particularly abdominal fat, are also key
features of aging4 that correlate with many
cardiovascular abnormalities, including
hypertension.5 Exercise training im-
proves body composition in older per-
sons6,7; however, few studies in older per-
sons have addressed whether changes in
BP are mediated by changes in body com-

position or fitness. The Senior Hyperten-
sion and Physical Exercise (SHAPE) study
was a randomized controlled trial to de-
termine whether older men and women
can achieve a clinically significant reduc-
tion in BP from a 6-month supervised pro-
gram of combined aerobic and resistance
training.

METHODS

PARTICIPANTS

Participants were aged 55 to 75 years and had
untreated milder forms of hypertension. Re-
cruitment was primarily through newspaper ad-
vertising. Exclusions consisted of cardiovas-
cular diseases or other serious illnesses,
electrocardiographic abnormalities indicative
of myocardial infarction or heart block, smok-
ing, diabetes mellitus, and regular moderate-
intensity exercise of greater than 3 to 6 meta-
bolic equivalents for 90 minutes per week.8 The
use of hormone therapy by women was al-
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lowed. Written informed consent was obtained from all par-
ticipants. The study was approved by the institutional review
board at the Johns Hopkins School of Medicine (Baltimore, Md)
and was conducted between July 1, 1999, and November 30,
2003.

BLOOD PRESSURE ELIGIBILITY

We followed the general procedures of the Treatment of Mild
Hypertension Study.9 Participants who were not using antihy-
pertensive medications entered BP screening without delay. With
their physicians’ approval, participants who were using a single
antihypertensive medication entered BP screening 2 weeks af-
ter discontinuing use of the medication. Participants were seen
weekly and were required to have a systolic BP (SBP) of 130 to
159 mm Hg or a diastolic BP (DBP) of 85 to 99 mm Hg during
2 consecutive visits and an average BP in this range across 4
visits. These levels correspond to prehypertension or stage 1
hypertension according to the guidelines of the Seventh Re-
port of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure.10 Maxi-
mal exercise testing was performed on 158 participants who
had eligible BP levels. Exclusions based on exercise testing were
ST-segment depression greater than 1 mm, complex arrhyth-
mias, or ischemic symptoms. Ultimately, 115 participants were
randomized to the study groups (Figure).

BASELINE AND 6-MONTH
FOLLOW-UP MEASURES

Blood Pressure

Blood pressure at screening, baseline, and 6 months was mea-
sured using an automated device (Dinamap MPS Select; Johnson
& Johnson, New Brunswick, NJ) by nurses at the Johns Hop-
kins Bayview General Clinical Research Center, Baltimore, Md.
These visits were scheduled for the same time of day for each
participant and at least a day after an exercise workout. After 5
minutes of sitting rest, BP was measured 3 times, with 1 minute
between readings. If the BPs differed by more than 5 mm Hg,
additional readings were obtained. The mean of 3 consecutive
readings within 5 mm Hg of each other was used as the exami-
nation value. The mean BP of all screening visits and an addi-
tional visit after the participant qualified for the study but be-
fore randomization was used as the baseline BP. Final BP was
the mean of BP measurements taken twice during the last
month of the intervention period and once during the final test-
ing period.

Aerobic and Strength Fitness

Peak oxygen uptake was determined on a treadmill using a
SensorMedics Vmax 229 Metabolic System (SensorMedics Inc,
Yorba Linda, Calif ). The initial walking speed was 4.8 km/h at
a grade of 0%, and the grade increased by 2.5% every 3 min-
utes. Participants were encouraged to reach 18 or higher on
the Borg Rating of Perceived Exertion Scale,11 and they stopped
at volitional fatigue.

Muscle strength was assessed by 1-repetition maximum on
each of 7 exercises on a multistation machine (Hoist 6000; Hoist
Fitness, San Diego, Calif). One-repetition maximum is the high-
est weight lifted following methods described elsewhere.12 The
upper body exercises were the bench press, shoulder press, seated
mid-rowing, and latissimus dorsi pull down. The lower body
exercises were the leg extension, leg curl, and leg press. Total
strength is the sum of the weights of these 7 exercises.

Body Composition

Body weight and height were measured while wearing minimal
clothing. Waist circumference was measured at the narrowest part
of the torso. Body mass index was calculated as weight in kilo-
grams divided by the square of height in meters. Total fat mass,
lean mass, and percentage of body fat were determined using dual-
energy x-ray absorptiometry (GE Lunar Prodigy; General Elec-
tric Medical Systems, Milwaukee, Wis). Abdominal total, vis-
ceral, and subcutaneous fat were measured from images obtained
using a magnetic resonance imaging system (Siemens Vision 1.5T;
Siemens Medical Systems, Iselin, NJ). Using the National Insti-
tutes of Health image application (http://rsb.info.nih.gov
/nih-image/), an experienced reader traced and averaged the areas
of interest from 3�5122 of 1-cm-thick axial plane inversion-
recovery images at 1 slice below, at, and above the umbilicus. The
procedures used for analyzing abdominal fat are described else-
where.12,13 The estimated coefficients of variation are 1.6% for sub-
cutaneous fat and 6.5% for abdominal visceral fat.

Arterial Stiffness

Aortic stiffness was measured by aortofemoral pulse-wave veloc-
ity using methods described elsewhere.14 Briefly, pulse-wave ve-
locity is the distance or transit time (in centimeters per second)
of the pulse wave from the base of the neck for the common ca-
rotid to the right femoral artery. The pulse waves at these sites
were obtained simultaneously using Doppler probes. The dis-
tance traveled by the pulse wave was measured over the partici-
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Figure. Progress of the participants through the Senior Hypertension and
Physical Exercise (SHAPE) study. BP indicates blood pressure.
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pant’s torso. The carotid to the aortic distance was subtracted from
the sum of the aortic to umbilicus to femoral site to adjust for
the opposite blood flow in that arterial branch. The reproduc-
ibility of this method in our laboratory yields Pearson and intra-
class correlation coefficients of 0.90 and 0.88, respectively.

Diet and Physical Activity

The Stanford Seven Day Physical Activity Recall Survey15 was
used to assess total daily energy expenditure. Dietary data were
obtained from 3-day food records and were analyzed using a
software program (Nutritionist V; First DataBank, San Bruno,
Calif ). The dietary analysis focused on total daily energy in-
take and salt intake.

Exercise Intervention

Following American College of Sports Medicine guidelines,1

participants attended 3 supervised sessions per week. The pre-
scribed number of sessions was 78 (3 days a week for 26 weeks).
If a participant had attended fewer than 62 sessions at 6 months
(80% compliance), an extra month was allowed to get as close
to 62 sessions as possible.

Each session began with a stretching warm-up, followed by
resistance training and then aerobic training. Resistance train-
ing consisted of 2 sets of 10 to 15 repetitions per exercise at
50% of 1-repetition maximum on the same weight machine used
for testing. The exercises were the latissimus dorsi pull down,
leg extension, leg curl, bench press, leg press, shoulder press,
and seated mid-rowing. When the participant completed 15 rep-
etitions of an exercise with little difficulty, the weight was in-
creased. Aerobic exercise lasted 45 minutes, and participants
were allowed to choose a treadmill, stationary cycle, or stairstep-
per for their workout. Participants wore heart rate (HR) moni-
tors (Polar Inc, Lake Success, NY) that were programmed for
a target HR range of 60% to 90% of maximum HR. As fitness
improved, the exercise workload was increased to maintain tar-
get HR levels.

Control Group Diet and Physical Activity
and BP Monitoring

Because activity and diet are usual care recommendations for
hypertension,10 participants were given the National Institute
on Aging guidelines for exercise (http://www.niapublications
.org/exercisebook) and the American Heart Association Step I
diet (http://www.americanheart.org) before randomization. No
additional dietary advice was provided, and participants were
asked to maintain their normal caloric intake during the study.
During recruitment, participants were told that they could join
the supervised program for up to 6 months after the interven-
tion period ended, and all were given the same monthly sti-
pend. Participants in both groups reported to the research cen-
ter twice monthly for BP safety checks. If SBP was greater than
159 mm Hg or DBP was greater than 99 mm Hg, patients were
assessed weekly; patients were withdrawn if the BP was higher
than the acceptable range for 4 consecutive weeks.

STATISTICAL ANALYSIS

Data analysis was performed using a software program (JMP 5.1;
SAS Institute Inc, Cary, NC). Assuming standard deviations for
SBP and DBP of 8 and 6 mm Hg, respectively, it was determined
that 96 participants would yield 80% power to detect group and
sex differences in SBP and DBP of 4.5 and 3.5 mm Hg, respec-
tively. Independent t tests were used to examine between-
group differences at baseline. For each variable, the change from

baseline to 6 months was calculated. Analyses were performed
on change scores using the mixed model procedure, with group
and sex as categorical variables and baseline measures as covar-
iates. Analysis of variance with repeated measures was used to
evaluate changes within groups. Pearson correlation coeffi-
cients were calculated for BP changes vs changes in other vari-
ables. Variables that correlated significantly with BP changes were
entered into stepwise regression models.

RESULTS

There were 8 dropouts (4 per group for personal rea-
sons) and 3 withdrawals (1 per group for elevated BP and
1 exerciser for an unrelated illness). Complete data are
available for 104 participants: 51 exercisers (25 men and
26 women) and 53 controls (26 men and 27 women).
Their overall mean±SD age was 63.6±5.7 years; 87% were
non-Hispanic white, 11% were African American, 1% were
Asian American, and 1% were Hispanic. Among partici-
pants who completed the study, there were no signifi-
cant group differences in baseline characteristics
(Table 1). Participants who did not complete the study
(data not shown) had baseline characteristics similar to
those who completed the study.

ADHERENCE TO THE EXERCISE PROGRAM

Exercisers completed a mean±SD of 69±8 of their pre-
scribed 78 sessions (88%). Eleven participants exer-
cised for an extra month because of missed sessions, and
1 participant did not meet 80% compliance, having at-
tended 34 sessions (44%). The mean±SD HR was 135.5/
min±10.4/min during a mean±SD of 2587±55 seconds
per session spent in aerobic exercise. Exercise HR was
in the prescribed ranges 98% of the time.

CHANGES FROM BASELINE FOR KEY STUDY
OUTCOME VARIABLES

After 6 months, exercisers reduced their SBP and DBP by
a mean of 5.3 and 3.7 mm Hg, respectively (P�.001 for
both); controls reduced their SBP and DBP by a mean of
4.5 and 1.5 mm Hg, respectively (P�.001 for both)
(Table 2). The DBP reduction was greater among exer-
cisers vs controls by –2.2 mm Hg (P=.02). The SBP reduc-
tion was not significantly different between groups (P=.67).
Pulse-wave velocity, which was measured in a subset of 82
participants (40 exercisers [21 men and 19 women] and
42 controls [21 men and 21 women]), did not change sig-
nificantly within or between groups. The exercisers ex-
ceeded controls in increases in peak oxygen uptake by 4.1
mL/kg per minute and total strength by 53.7 kg (P�.001
for both). Exercisers also lost 2.3 kg of body weight com-
pared with a 0.5-kg loss among controls (P�.001), which
yielded a reduction in body mass index of 0.7 more than
controls (P�.001). Exercisers reduced their percentage of
body fat by 3.5% and increased their percentage of lean body
mass by 3.5% more than controls (P�.001 for both). The
greater reduction in total abdominal fat by –46.0 cm2 among
exercisers (P�.001) was accounted for by greater reduc-
tions of 23 cm2 in abdominal subcutaneous fat and 23 cm2

in abdominal visceral fat area (P�.001 for both).
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SEX DIFFERENCES IN THE RESPONSE
TO EXERCISE TRAINING

Among exercisers, men had greater increases in upper
body (P�.001), lower body (P=.03), and total (P�.001)
muscle strength than women (Table 3). Exercising men
also had greater reductions in abdominal visceral fat
(P=.004). No other sex differences in response to exer-
cise were observed.

CHANGES IN HABITUAL
PHYSICAL ACTIVITY AND DIET

There were no significant within- or between-group
differences for changes in total daily energy or sodium
dietary intake. Total daily energy expenditure
increased by 2.2 kcal/kg among exercisers (P=.02) and
by a nonsignificant 0.7 kcal/kg among controls
(P=.27).

Table 1. Baseline Characteristics of 104 Randomized Participants in the Senior Hypertension and Physical Exercise (SHAPE) Study

Characteristic Exercise Group (n = 51) Control Group (n = 53) P Value*

Age, mean (95% CI), y 63.0 (61.5 to 64.5) 64.1 (62.4 to 65.8) .35
Resting hemodynamics, mean (95% CI)

Systolic blood pressure, mm Hg 140.3 (138.2 to 142.4) 141.7 (139.7 to 143.8) .33
Diastolic blood pressure, mm Hg 76.8 (74.8 to 78.9) 76.4 (73.9 to 78.9) .78
Heart rate, beats/min 69.8 (67.7 to 71.9) 71.9 (69.3 to 74.4) .22

Aerobic and strength fitness, mean (95% CI)
Peak oxygen uptake, mL/kg per minute 24.4 (22.9 to 25.9) 24.2 (22.8 to 25.7) .85
Upper body muscle strength, kg 173.2 (154.5 to 192.0) 175.9 (155.9 to 195.9) .84
Lower body muscle strength, kg 155.2 (141.0 to 169.4) 151.8 (138.8 to 164.7) .72
Total muscle strength, kg 328.4 (296.2 to 360.6) 327.7 (295.3 to 360.0) .97

Body composition, mean (95% CI)
Body mass index, kg/m2 29.4 (28.3 to 30.4) 29.7 (28.3 to 31.0) .75
Weight, kg 83.2 (79.1 to 87.3) 84.9 (79.6 to 90.2) .61
Waist circumference, cm 94.0 (90.6 to 97.3) 95.0 (91.1 to 99.0) .68
Abdominal total fat (MRI), cm2 432.6 (399.5 to 465.6) 449.6 (404.2 to 495.0) .54
Abdominal visceral fat (MRI), cm2 146.5 (127.3 to 165.7) 142.7 (123.7 to 161.6) .77
Abdominal subcutaneous fat (MRI), cm2 285.1 (255.4 to 314.9) 305.7 (268.9 to 342.4) .38
Total body fat (DXA), % 37.9 (35.4 to 40.4) 37.7 (35.0 to 40.5) .54
Lean body mass (DXA), % 58.5 (56.1 to 61.5) 58.9 (56.2 to 61.5) .85

Aortic stiffness, mean (95% CI)
Pulse to wave velocity, cm/s† 900.9 (824.0 to 997.9) 940 (843 to 1037) .53

Abbreviations: CI, confidence interval; DXA, dual-energy x-ray absorptiometry; MRI, magnetic resonance imaging.
*None of the comparisons of baseline characteristics between exercise and control subjects were statistically significant.
†Performed in a subset of 82 participants (40 exercisers [21 men and 19 women] and 42 controls [21 men and 21 women]).

Table 2. Changes in Blood Pressure, Fitness, Body Composition, and Aortic Stiffness From Baseline in 104 Randomized Participants

Variable Exercise Group (n = 51) Control Group (n = 53) Difference (Exercise – Control) P Value*

Resting hemodynamics, mean (95% CI)
Systolic blood pressure, mm Hg –5.3 (–8.1 to –2.5) –4.5 (–6.7 to –2.2) –0.8 (–4.4 to 2.8) .67
Diastolic blood pressure, mm Hg –3.7 (–5.1 to –2.4) –1.5 (–2.9 to –0.2) –2.2 (–4.1 to –0.3) .02
Heart rate, beats/min –3.9 (–5.4 to –2.4) –2.2 (–3.8 to 0.5) –1.8 (–4.1 to 0.5) .12

Aerobic and strength fitness, mean (95% CI)
Peak oxygen uptake, mL/kg per minute 4.0 (3.2 to 4.8) –0.1 (–0.8 to 0.5) 4.1 (3.1 to 5.2) �.001
Upper body muscle strength, kg 28.0 (23.9 to 32.1) 0.8 (–2.7 to 4.3) 27.3 (21.8 to 32.5) �.001
Lower body muscle strength, kg 29.3 (25.0 to 33.7) 2.8 (–1.7 to 7.4) 26.5 (20.3 to 32.7) �.001
Total muscle strength, kg 57.3 (49.6 to 64.7) 3.6 (–2.6 to 9.9) 53.7 (44.0 to 63.3) �.001

Body composition, mean (95% CI)
Body mass index, kg/m2 –0.8 (–1.1 to –0.5) –0.2 (–0.4 to 0.1) –0.7 (–1.1 to –0.3) �.001
Weight, kg –2.3 (–3.1 to –1.4) –0.5 (–1.2 to 0.1) –1.7 (–2.8 to –0.7) .002
Waist circumference, cm –2.9 (–4.1 to –1.7) –0.8 (–1.8 to 0.1) –2.0 (–3.6 to –0.5) .01
Abdominal total fat (MRI), cm2 –52.5 (–66.6 to –38.7) –6.5 (–20.3 to 7.3) –46.0 (–65.4 to –26.5) �.001
Abdominal visceral fat (MRI), cm2 –26.7 (–35.6 to –17.9) –3.8 (–10.8 to 3.3) –23.0 (–34.2 to –11.8) �.001
Abdominal subcutaneous fat (MRI), cm2 –25.8 (–35.1 to –16.5) –2.9 (–11.7 to 6.0) –23.0 (–35.7 to –10.3) �.001
Total body fat (DXA), % –3.5 (–0.04 to –2.8) –0.2 (–0.7 to 0.3) –3.3 (–4.1 to –2.4) �.001
Lean body mass (DXA), % 3.5 (2.8 to 4.2) 0.2 (–0.3 to 0.7) 3.3 (2.4 to 4.1) �.001

Aortic stiffness, mean (95% CI)
Pulse-wave velocity, cm/s† 111.2 (–35 to 257.5) 16.9 (–96 to 130) 94.4 (–276.5 to 87.8) .35

Abbreviations: CI, confidence interval; DXA, dual-energy x-ray absorptiometry; MRI, magnetic resonance imaging.
*Test for between-group difference on the change from baseline.
†Performed in a subset of 82 participants (40 exercisers [21 men and 19 women] and 42 controls [21 men and 21 women]).
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CORRELATES OF CHANGE IN BP

The SBP change correlated with changes in abdominal
total fat (P = .006) and abdominal subcutaneous fat
(P=.006) and with abdominal visceral fat at the P=.07

level (Table4). The DBP change correlated with changes
in peak oxygen uptake (P=.02), total muscle strength
(P=.02), body weight (P=.05), percentage of body fat
(P�.001), percentage of lean body mass (P=.002), ab-
dominal total fat (P=.001), abdominal subcutaneous fat

Table 3. Change From Baseline by Sex and Intervention Group*

Variable Men Women Difference (Men – Women)

Resting hemodynamics, mean (95% CI)
Systolic blood pressure, mm Hg

Exercise –3.3 (–7.0 to 0.5) –7.2 (–11.6 to –2.9) –4.0 (–9.6 to 1.6)
Control –4.2 (–7.0 to –1.5) –4.7 (–8.4 to –1.0) –0.5 (–0.5 to 4.1)

Diastolic blood pressure, mm Hg
Exercise –4.5 (–6.3 to –2.6) –3.0 (–5.1 to –0.9) 1.5 (–1.2 to 4.1)
Control –2.4 (–4.4 to –0.4) –0.7 (–2.6 to 1.2) 1.6 (–1.1 to 4.3)

Heart rate, beats/min
Exercise –4.7 (–6.5 to –2.9) –3.2 (–5.7 to –0.7) 1.5 (–1.5 to 4.5)
Control –2.8 (–5.2 to –0.5) –1.5 (–4.0 to 1.0) 1.3 (–2.0 to 4.7)

Aerobic and strength fitness, mean (95% CI)
Peak oxygen uptake, mL/kg per minute

Exercise 4.3 (2.9 to 5.8) 3.7 (2.8 to 4.5) –0.6 (–2.3 to 1.0)
Control 0.2 (–0.8 to 1.3) –0.5 (–1.3 to 0.3) –0.7 (–2.0 to 0.5)

Total muscle strength, kg
Exercise 69.7 (58.9 to 80.6) 45.8 (37.3 to 54.4) –23.9 (–37.4 to –10.4)†
Control 2.7 (–10.0 to 15.4) 4.5 (0.1 to 8.9) 1.9 (–11.5 to 15.1)

Upper body muscle strength, kg
Exercise 35.5 (28.9 to 42.0) 21.1 (17.4 to 24.8) –14.4 (–21.7 to –7.0)†
Control 1.8 (–4.7 to 8.4) –0.2 (–3.4 to 3.1) –2.0 (–9.2 to 5.2)

Lower body muscle strength, kg
Exercise 34.3 (28.0 to 40.5) 24.7 (18.9 to 30.6) –9.5 (–17.9 to –1.2)‡
Control 0.8 (–8.4 to 10.1) 4.7 (1.8 to 7.6) 3.9 (–5.8 to 13.5)

Body composition, mean (95% CI)
Body mass index, kg/m2

Exercise –0.7 (–1.1 to –0.4) –0.9 (–1.4 to –0.4) –1.7 (–0.8 to 4.8)
Control –0.2 (–0.5 to 0.2) –0.2 (–0.5 to 0.2) 0.0 (–0.5 to 4.8)

Weight, kg
Exercise –2.2 (–3.3 to –1.1) –2.3 (–3.7 to –0.1) –0.1 (–1.8 to 1.6)
Control –0.6 (–1.7 to 0.4) –0.5 (–1.4 to 0.4) 0.2 (–1.2 to 1.5)

Waist, cm
Exercise –3.0 (–5.0 to –1.1) –2.7 (–4.3 to –1.1) 0.3 (–2.2 to 2.7)
Control –1.4 (–2.6 to –0.1) –0.3 (–1.7 to 1.2) 1.1 (–0.8 to 3.0)

Abdominal total fat (MRI), cm2

Exercise –64.6 (–80.2 to –49.1) –41.7 (–64.7 to –18.8) 22.9 (–4.2 to 50.0)
Control –11.1 (–30.2 to 8.0) –2.1 (–23.0 to 18.9) 9.0 (–18.6 to 36.7)

Abdominal visceral fat (MRI), cm2

Exercise –40.6 (–54.8 to –26.3) –14.5 (–23.9 to –5.2) 26.0 (9.4 to 42.7) §
Control –7.4 (–18.6 to 3.9) –0.3 (–9.4 to 8.9) 7.1 (–7.1 to 21.3)

Abdominal subcutaneous fat (MRI), cm2

Exercise –24.1 (–35.0 to –13.3) –27.3 (–42.7 to –11.9) –3.2 (–21.6 to 15.2)
Control –4.0 (–14.7 to 6.7) –1.7 (–16.5 to 13.0) 2.3 (–15.6 to 20.1)

Total body fat (DXA), %
Exercise –3.6 (–4.5 to –2.7) –3.4 (–4.6 to –2.3) 1.9 (–1.2 to 1.6)
Control –0.2 (–0.1 to 0.5) –0.3 (–0.1 to 0.5) 0.0 (–1.1 to 0.1)

Lean body mass (DXA), %
Exercise 3.6 (2.7 to 4.4) 3.4 (2.3 to 4.5) 0.2 (–1.5 to 1.2)
Control 0.2 (–0.6 to 0.9) 0.2 (–0.6 to 1.0) 0.1 (–0.1 to 1.1)

Aortic stiffness, mean (95% CI)
Pulse-wave velocity, cm/s�

Exercise 46.0 (–117.5 to 209.4) 183.4 (–80.4 to 447.1) 137.4 (–164.6 to 439.4)
Control 6.0 (–97.9 to 109.9) 27.8 (–184.2 to 239.7) 21.8 (–209.6 to 253.2)

Abbreviations: CI, confidence interval; DXA, dual-energy x-ray absorptiometry; MRI, magnetic resonance imaging.
*There were 51 exercisers (25 men and 26 women) and 53 controls (26 men and 27 women).
†P�.001 for the difference between men and women.
‡P = .03 for the difference between men and women.
§P = .004 for the difference between men and women.
�Performed in a subset of 82 participants (40 exercisers [21 men and 19 women] and 42 controls [21 men and 21 women]).
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(P=.006), abdominal visceral fat (P=.003), and total daily
energy expenditure (P=.04). Changes in pulse-wave ve-
locity were not correlated with changes in BP. In step-
wise regression analysis, the change in abdominal sub-
cutaneous fat was the only independent correlate of the
SBP reduction, accounting for 8% of the variance (P�.01).
In stepwise regression analysis, the variance in the DBP
reduction was accounted for by the change in percent-
age of body fat (10%; P=.003), percentage of lean mass
(4%; P=.004), and body weight (3%; P=.04).

COMMENT

In this sample of older men and women with predomi-
nantly mild systolic hypertension, 6 months of super-
vised exercise training produced an excellent training re-
sponse, including increased fitness and lean body mass
and reduced general and abdominal obesity in both sexes.
Exercisers and controls reduced their SBP statistically sig-
nificantly; only DBP was reduced statistically signifi-
cantly more among the exercisers.

Several considerations may contribute to the smaller-
than-expected SBP reduction in exercisers. First, there
is a progressive increase in arterial stiffness with aging
that contributes to systolic hypertension.16,17 This el-
evated arterial stiffness is primarily due to a replace-
ment of elastic fibers in the large arteries by less disten-
sible collagen and calcium. These aging changes in arterial
structure may not be amenable to modification by exer-
cise training. Consistent with this concept, exercise train-
ing did not statistically significantly change aortic stiff-
ness in our study. Ferrier et al18 also found that exercise
training did not improve arterial compliance in persons
with systolic hypertension. Hence, older individuals may
be resistant to reducing their SBP despite improvements
in fitness and fatness. Contrary to SBP, we found a greater
reduction in DBP among exercisers despite their nor-
mal baseline DBP of 76 mm Hg.

Second, controls also reduced their BP. Controls were
not truly a “nontreatment” group because they received
usual care advice regarding activity and diet. Self-
reported activity levels did not change statistically sig-

nificantly among controls, caloric and dietary sodium in-
takes were unchanged in both groups, and changes in
diet did not correlate with BP changes. Unavoidably, re-
search volunteers are a motivated group, and controls
likely made some changes in lifestyle behaviors that were
not detected by our methods.

Third, the BP reduction among controls may reflect
the ongoing monitoring inherent to a clinical trial. This
monitoring included multiple testing and BP safety check
visits. Multiple BP determinations may have resulted in
regression to the mean in both groups. Blumenthal et al19

found a similar reduction in BP between exercise and con-
trol participants who were randomized to 4 months of
exercise training. Seals and Reiling20 also observed a pla-
cebo effect on resting BP in older control participants in
an exercise trial. The placebo effect reduces the power
of our study to detect group differences in BP reduc-
tions. Thus, the factors that affect BP are multiple, per-
vasive, and difficult to quantify and pose a challenge in
attributing reductions in BP solely to exercise training.

We found that exercise produced substantial improve-
ments in body composition despite modest reductions in
body weight. A reduction of 3.5% in the percentage of body
fat was accompanied by a 3.5% increase in lean body mass,
and there were notable reductions in abdominal subcu-
taneous and visceral fat. Our study confirms findings of
reduced abdominal obesity in exercise-trained older wom-
en.21 A novel observation herein is that men who exer-
cised had reductions of 23% in abdominal visceral fat, 10%
in abdominal subcutaneous fat, and 17% in abdominal total
fat. These changes, with minimal weight loss, exceeded
reductions in abdominal obesity reported in younger men
after 20 weeks of training.22

Combining data from all participants, we found that
BP reductions correlated with several changes in body
composition and fitness. The reduction in abdominal sub-
cutaneous fat emerged as the strongest correlate of SBP
change, and the reductions in body weight and total fat
and the increase in lean mass emerged as the strongest
correlates of DBP change. Nevertheless, each of the im-
provements in body composition and fitness are impor-
tant. Overall, the amount of change in BP accounted for

Table 4. Pearson Correlation Coefficients for Changes in Blood Pressure vs Changes in Selected Variables*

Variable Systolic Blood Pressure P Value Diastolic Blood Pressure P Value

Peak oxygen uptake –0.04 .68 –0.24 .02
Total muscle strength –0.03 .76 –0.23 .02
Weight 0.17 .09 0.20 .05
Body mass index, kg/m2 0.12 .23 0.14 .15
Waist 0.12 .23 0.18 .07
Percentage of total body fat 0.17 .08 0.31 .001
Percentage of total lean mass –0.16 .09 –0.30 .002
Abdominal total fat 0.18 .07 0.24 .02
Abdominal visceral fat 0.27 .006 0.30 .003
Abdominal subcutaneous fat 0.27 .006 0.27 .006
Pulse-wave velocity –0.17 .14 –0.11 .35
Total daily energy expenditure –0.13 .18 –0.20 .04
Total daily energy intake 0.16 .11 0.15 .12
Sodium intake 0.10 .37 0.10 .34

*There were 104 participants for each variable except pulse-wave velocity (n = 82).

(REPRINTED) ARCH INTERN MED/ VOL 165, APR 11, 2005 WWW.ARCHINTERNMED.COM
761

©2005 American Medical Association. All rights reserved.

Downloaded From:  by michael Barnes on 03/22/2018



was a modest 8% for SBP and 17% for DBP. Although there
were clinically important reductions in BP, the mecha-
nism by which BP is reduced (either exercise or nonspe-
cific placebo effects) has yet to be fully elucidated.

As noted in the 2004 American College of Sports Medi-
cine position stand on exercise and hypertension,1 there
have been too few studies thus far to make definitive con-
clusions regarding sex effects on BP responses to exer-
cise. An important observation in the present study is that
there were no sex differences in BP reductions. The only
significant sex differences found among change scores
were greater gains in strength and a greater reduction in
abdominal visceral fat in men. Overall, older women
achieved similar benefits from exercise as men.

This study has several strengths. The participants had
untreated hypertension, and the 4-week screening pe-
riod selected participants with stable levels of BP. To mini-
mize measurement bias, BP was measured using an au-
tomated device by nurses otherwise uninvolved with the
participants. There was excellent attendance and adher-
ence to the exercise prescription and a noncompletion
rate of only 10%. A study limitation is that the SBP de-
creased in the control group, which reduced the power
to ascertain exercise-induced BP changes.

Because so many adults are at risk for, or have, hy-
pertension,23 these results have broad clinical implica-
tions. Declines in SBP and DBP occurred in both groups,
with a greater reduction in DBP occurring in exercisers.
Nevertheless, the similar SBP reduction in exercisers and
controls precludes attribution of the reduction in SBP
solely to exercise training. The lack of improvement in
aortic stiffness suggests that older persons may be resis-
tant to exercise-induced improvements in SBP. Despite
modest reductions in body weight and body mass in-
dex, there were noteworthy reductions in general and ab-
dominal obesity and increased lean body mass. These im-
provements in body composition, more so than changes
in fitness, correlated with reductions in BP. These find-
ings suggest that changes in body composition seem to
be an important pathway by which exercise training im-
proves cardiovascular health in older men and women.

Accepted for Publication: September 8, 2004.
Correspondence: Kerry J. Stewart, EdD, Department of
Medicine, Division of Cardiology, Johns Hopkins School
of Medicine, Johns Hopkins Bayview Medical Center, 4940
Eastern Ave, Baltimore, MD 21224 (kstewart@jhmi
.edu).
Funding/Support: This study was supported by grant
R01HL59164 from the Heart, Lung, and Blood Insti-
tute, National Institutes of Health (Dr Stewart); and the
Johns Hopkins Bayview General Clinical Research Cen-
ter, which is funded by grant M01-RR-02719 from the
National Center for Research Resources, National Insti-
tutes of Health.
Role of the Sponsor: The funding organizations were not
involved in the design or conduct of the study; collec-
tion, management, analysis, or interpretation of the data;
or preparation, review, or approval of the manuscript.
Acknowledgment: We thank Debbie Hill, BS, for her ex-
pert assistance with data management; Sue Livengood, BS,
Stephanie Bosley, BS, Jeanette Wright, and Sandra Lima,

RDCS, for their invaluable assistance with data acquisi-
tion and analysis; and the General Clinical Research Cen-
ter nursing staff for their support with BP measurements
and many other clinical tasks required by the study.

REFERENCES

1. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA. Ameri-
can College of Sports Medicine position stand: exercise and hypertension. Med
Sci Sports Exerc. 2004;36:533-553.

2. Montain SJ, Jilka SM, Ehsani AA, Hagberg JM. Altered hemodynamics during
exercise in older essential hypertensive subjects. Hypertension. 1988;12:479-
484.

3. Cheitlin MD. Cardiovascular physiology: changes with aging. Am J Geriatr Cardiol.
2003;12:9-13.

4. Schwartz RS, Shuman WP, Bradbury VL, et al. Body fat distribution in healthy
young and older men. J Gerontol. 1990;45:M181-M185.

5. Smith SR, Lovejoy JC, Greenway F, et al. Contributions of total body fat, ab-
dominal subcutaneous adipose tissue compartments, and visceral adipose tis-
sue to the metabolic complications of obesity. Metabolism. 2001;50:425-435.

6. Mourier A, Gautier JF, De Kerviler E, et al. Mobilization of visceral adipose tissue
related to the improvement in insulin sensitivity in response to physical training
in NIDDM: effects of branched-chain amino acid supplements. Diabetes Care.
1997;20:385-391.

7. Kohrt WM, Obert KA, Holloszy JO. Exercise training improves fat distribution pat-
terns in 60- to 70-year-old men and women. J Gerontol. 1992;47:M99-105.

8. Pate R, Pratt M, Blair S, et al. Physical activity and public health: a recommen-
dation from the Centers for Disease Control and Prevention and the American
College of Sports Medicine. JAMA. 1995;273:402-407.

9. Liebson PR, Grandits GA, Dianzumba S, et al. Comparison of five antihyperten-
sive monotherapies and placebo for change in left ventricular mass in patients
receiving nutritional-hygienic therapy in the Treatment of Mild Hypertension Study
(TOMHS). Circulation. 1995;91:698-706.

10. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure: the JNC 7 report. JAMA. 2003;289:2560-2572.

11. Borg G. Simple ratings for estimation of perceived exertion. In: Borg G, ed. Physi-
cal Work and Effort. New York, NY: Pergamon Press; 1975:39-46.

12. Stewart KJ, Deregis JR, Turner KL, et al. Fitness, fatness and activity as predic-
tors of bone mineral density in older persons. J Intern Med. 2002;252:381-
388.

13. Stewart KJ, DeRegis JR, Turner KL, et al. Usefulness of anthropometrics and
dual-energy x-ray absorptiometry for estimating abdominal obesity measured
by magnetic resonance imaging in older men and women. J Cardiopulm Rehabil.
2003;23:109-114.

14. Stewart KJ, Sung J, Silber HA, et al. Exaggerated exercise blood pressure is re-
lated to impaired endothelial vasodilator function. Am J Hypertens. 2004;17:
314-320.

15. Blair SN, Haskell WL, Ho P, et al. Assessment of habitual physical activity by a
seven-day recall in a community survey and controlled experiments. Am J
Epidemiol. 1985;122:794-804.

16. Ehsani AA. Exercise in patients with hypertension. Am J Geriatr Cardiol. 2001;10:
253-259, 273.

17. Berry KL, Cameron JD, Dart AM, et al. Large-artery stiffness contributes to the
greater prevalence of systolic hypertension in elderly women. J Am Geriatr Soc.
2004;52:368-373.

18. Ferrier KE, Waddell TK, Gatzka CD, Cameron JD, Dart AM, Kingwell BA. Aerobic
exercise training does not modify large-artery compliance in isolated systolic
hypertension. Hypertension. 2001;38:222-226.

19. Blumenthal JA, Siegel WC, Appelbaum M. Failure of exercise to reduce blood
pressure in patients with mild hypertension: results of a randomized controlled
trial. JAMA. 1991;266:2098-2104.

20. Seals DR, Reiling MJ. Effect of regular exercise on 24-hour arterial pressure in
older hypertensive humans. Hypertension. 1991;18:583-592.

21. Irwin ML, Yasui Y, Ulrich CM, et al. Effect of exercise on total and intra-
abdominal body fat in postmenopausal women: a randomized controlled trial.
JAMA. 2003;289:323-330.

22. Janssen I, Katzmarzyk PT, Ross R, et al. Fitness alters the associations of BMI and
waist circumference with total and abdominal fat. Obes Res. 2004;12:525-537.

23. Vasan RS, Beiser A, Seshadri S, et al. Residual lifetime risk for developing hy-
pertension in middle-aged women and men: the Framingham Heart Study. JAMA.
2002;287:1003-1010.

(REPRINTED) ARCH INTERN MED/ VOL 165, APR 11, 2005 WWW.ARCHINTERNMED.COM
762

©2005 American Medical Association. All rights reserved.

Downloaded From:  by michael Barnes on 03/22/2018



loidosis undergoing heart transplantation: fol-
low-up results of a multicenter survey. Circulation.
1991;84(5) (suppl III):III338-III343.

93. Kpodonu J, Massad MG, Caines A, Geha AS.
Outcome of heart transplantation in patients with
amyloid cardiomyopathy. J Heart Lung
Transplant. 2005;24:1763-1765.

94. Dubrey SW, Burke MM, Khaghani A, Hawkins PN,
Yacoub MH, Banner NR. Long term results of
heart transplantation in patients with amyloid
heart disease. Heart. 2001;85:202-207.

95. Dubrey SW, Burke MM, Hawkins PN, Banner NR.
Cardiac transplantation for amyloid heart dis-
ease: the United Kingdom experience. J Heart
Lung Transplant. 2004;23:1142-1153.

96. Rose EA, Gelijns AC, Moskowitz AJ, et al. Long-
term mechanical left ventricular assistance for
end-stage heart failure. N Engl J Med. 2001;
345:1435-1443.

97. Holmgren G, Steen L, Ekstedt J, et al. Biochemi-
cal effect of liver transplantation in two Swed-
ish patients with familial amyloidotic polyneu-
ropathy (FAP-met30). Clin Genet. 1991;40:
242-246.

98. Herlenius G, Wilczek HE, Larsson M, Ericzon BG;
Familial Amyloidotic Polyneuropathy World
Transplant Registry. Ten years of international
experience with liver transplantation for familial
amyloidotic polyneuropathy: results from the Fa-
milial Amyloidotic Polyneuropathy World Trans-
plant Registry. Transplantation. 2004;77:
64-71.

99. Lewis WD, Skinner M, Simms RW, Jones LA, Co-
hen AS, Jenkins RL. Orthotopic liver transplan-
tation for familial amyloidotic polyneuropathy.
Clin Transplant. 1994;8:107-110.

100. Adams D, Samuel D, Goulon-Goeau C, et al.
The course and prognostic factors of familial amy-

loid polyneuropathy after liver transplantation.
Brain. 2000;123(pt 7):1495-1504.

101. Bergethon PR, Sabin TD, Lewis D, Simms RW,
Cohen AS, Skinner M. Improvement in the poly-
neuropathy associated with familial amyloid poly-
neuropathy after liver transplantation. Neurology.
1996;47:944-951.

102. Parrilla P, Ramirez P, Andreu LF, et al. Long-term
results of liver transplantation in familial amyloi-
doticpolyneuropathytypeI.Transplantation.1997;
64:646-649.

103. Nardo B, Beltempo P, Bertelli R, et al. Com-
bined heart and liver transplantation in four adults
with familial amyloidosis: experience of a single
center. Transplant Proc. 2004;36:645-647.

104. Jonsen E, Suhr OB, Tashima K, Athlin E. Early
liver transplantation is essential for familial amy-
loidotic polyneuropathy patients’ quality of life.
Amyloid. 2001;8:52-57.

Correction

Error in Table. In the Original Investigation by Stewart
et al titled “Effect of Exercise on Blood Pressure in Older
Persons: A Randomized Controlled Trial,” published in
the April 11, 2005, issue of the ARCHIVES (2005;165:
756-762), there was an error in Table 4. The side head-
ings “Abdominal total fat” and “Abdominal visceral fat”
should be exchanged, keeping the values where they are.
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