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Postexercise hypotension induced by low-intensity resistance
exercise in hypertensive women receiving captopril
Cintia M. Melo®®, Aristoteles C. Alencar Filho®, Tais Tinucci?, Décio Mion Jr°

and Claudia L.M. Forjaz®

Objective The present study investigated the effect of a
single bout of low-intensity resistance exercise on recovery
blood pressure in hypertensive women receiving captopril.

Methods Twelve essential hypertensive women, who were
receiving captopril, underwent two experimental sessions:
control (C - 40 min of seated rest) and low-intensity
resistance exercise (E - six resistance exercises, three
sets, 20 repetitions, 40% of one repetition maximum). Clinic
blood pressure was measured in the laboratory, before and
for 120 min after exercise or rest. Moreover, ambulatory
blood pressure was also measured for 21 h after exercise
or rest.

Results Clinic blood pressures decreased significantly
after exercise (systolic blood pressure = -12+ 3 mmHg
and diastolic blood pressure = -6 £ 2 mmHg, P<0.05), but
not after rest. Mean awake blood pressures (systolic:
C=132x5mmHg vs. E=1251% 4 mmHg and diastolic:
C=831+3mmHg vs. E=78+2mmHg, P<0.05) were
significantly lower in the E than in the C session, while 21-h
(systolic blood pressures: C=128+ 5 mmHg vs.
E=123* 4 mmHg; and diastolic blood pressures:
C=80%3mmHg vs. E=76 1+ 2 mmHg) and asleep (systolic
blood pressures: C=120+7 mmHg vs. E=118 £ 5 mmHg;
and diastolic blood pressures: C=73 £4 mmHg vs.
E=71%3mmHg) blood pressures did not differ between

Introduction

Hypertension is a cardiovascular disorder that affects
approximately 1 Dbillion individuals worldwide, and
represents an important risk factor for cardiovascular
disease [1,2]. Aerobic exercise is recommended as a
nonpharmacological treatment for hypertension because
of its well-demonstrated hvpotensive effect [3,4]. In fact,
even a single bout of aerobic exercise provokes a
significant fall in blood pressure (BP) during the recovery
period, which has been called postexercise hypotension.
This phenomenon has been accepted to have clinical
relevance, as it occurs in hypertensive patients, has
significant magnitude, and lasts for many hours after the
finishing of the exercise bourt [3].

Nowadays, in addition to aerobic exercise, resistance
exercise has been recommended as a supplementary
component of the rtraining program for hypertensive
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the experimental sessions. Moreover, there was a positive
correlation between blood pressure measured in the C
session and blood pressure reduction observed in the E
session, showing that blood pressure decrease was
greater when blood pressure level was higher.

Conclusion In hypertensive women receiving captopril, a
single bout of low-intensity resistance exercise reduces
blood pressure. This reduction persists for 10 h, during the
awake period, while patients were engaged in their daily
living activities. It was greater in patients with higher
ambulatory blood pressure. Blood Press Monit 11:183-189
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patients [3,5]. The main and classic health benefit of this
kind of exercise is the improvement of the muscle—
skeleral function [6,7]. Some other health improvements,
however, have also been reported, such as the reduction
on cardiovascular risk profile [6,8]. Nevertheless, to
assure the efficacy of this kind of exercise in hypertensive
patients, it is important to know its effects on BP.

A recent meta-analysis [5] showed that, chronically,
resistance training might reduce BP; however, as pointed
out by the authors, the decrease is smaller in hyperten-
sive patients, and more studies are needed in this
population.

In regard to the acute cffects of resistance exercise on
postexercisc BP, the results are controversial. Some
studies observed an increase [9-12], others a decrease
[9,10,13-19], and others a maintenance [12,20,21].
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Exercise intensity might be one of the factors responsible
for the controversy, because most of the studies [9,10,13—
15,17-19] that observed a fall in BP after resistance
exercisc employed low-intensity exercises [40-65% of
1 repetition maximum (RM)]. Moreover, Focht and
Koltyn [10], comparing exercise of different intensities,
observed BP decrease only after the low-intensity
exercise. Similarly, we observed in normotensive patients
[19] that exercise at 40% of 1 RM provoked a greater
diastolic BP fall than exercise at 80% of 1 RM.

It is also important to report, however, that only two of
the previous studies [15,16] involved hypertensive
partients, and they observed a slight fall in BP. Moreover,
in these studies, patients were not receiving any
antihypertensive drugs, which usually occurs in clinical
practise, and makes it important to investigate whether
the hypotensive effect of resistance exercise is main-
tained when patients were medicated.

The maintenance of BP fall for many hours after
resistance exercise is another important point that was
investigated by three studies [13,16,21], which that
reported conflicting results. Only one of them [16]
involved hypertensive patients, and BP fall lasted for only
Th. This study, however, employed a high-intensicy
exercise, which might have influenced the results.

Thus, the acute effect of resistance exercise on recovery
BF, and the maintenance of this effect for many hours
after exercise in hypertensive patients receiving anti-
hypertensive drugs need further investigation. In Brazil,
most of the patients treated by public health services are
women [22]. Moreover, many of them are receiving
captopril as treatment, as this is one of the drugs
recommended by the Hypertension and Diabetes Pro-
gram of the Brazilian Federal Health Department (htep://
hiperdia.datasus.gov.br/medicamentos.asp).

Therefore, the present study was designed to investigate
the effects of low-intensity resistance exercise on
postexercise BP levels measured in the laboratory, and
during activities of daily living in hypertensive women
receiving captopril. We hypothesize thar low-intensity
resistance exercise would promote a significant postexer-
cise hypotension that would persist for many hours after
exercise.

Methods

Subjects

Eleven essential hypertensive women aged 41-50 years
gave written consent to participate in this study, which
was approved by the Ethical Committee of the General
Hospital, Faculty of Medicine, and of the School of
Physical Education and Sport, both from the University of
Sao Paulo.

Table 1 Physical and functional characteristics of the patients
Age (years) 4611
Weight (kg) 62.7t23
Height (em) 152+0
Body mass index (kg/m®) 26.9+05
Resting systolic blood pressure (mmHg) 13416
Resting mean blood pressure (mmHg) 104+ 4
Resting diastolic blood pressure (mmHg) 89+3
Resting heart rate (bpm) 80+2
Maximal heart rate (bpm) 1513
Maximal systolic blood pressure (mmHg) 204+3

All patients were taking captopril, an angiotensin-
converting enzyme (ACE) inhibitor (25 or 50 mg/day),
as antihypertensive therapy. Moreover, five of them were
also taking other medicarions — two diuretic (hydroclor-
otizide, 25 mg), one acetylsalicylic acid (100 mg), and two
diuretic plus acerylsalicylic acid.

None of the parients was engaged in any regular physical
acrivity program, and patients who had any cardiovascular
disease, high cholesterol levels (serum cholesterol
= 240 mg/dl), diabetes (fasting glucose = 126 mg/dl),
obesity (body mass index > 30 kg/m?), and/or any targer
organ damage were excluded. Physical and cardiovascular
characteristics of the patients arc shown in Table 1.

Preliminary evaluation

Before the study inclusion, auscultatory BP was measured
on two occasions, three times after 5 min of scated rest,
and a mean value was calculated [1,2]. Electrocardiogram
performed before and during a maximal exercise rtest
performed on a treadmill using the modified Balke
protocol was emploved to exclude cardiovascular diseases.

Procedures

During the study. patients were instructed to rake rheir
antihypertensive drugs regularly, and not to change either
the drug, the dose, or the hour of medication. Moreover,
they were asked to avoid any physical exercise for at least
48 h before the experiments.

Before the experimental sessions, 1 RM test was
performed for the bench press, leg-press, lat pull down,
leg curl, biceps curl, and squat, using Kraemer and Fry’s
protocol [23]. In order to get accustomed to the
machines, and to guarantee the correct execurtion of the
exercises, patients underwent four familiarization ses-
sions before the 1 RM test. In these sessions, they
performed three sets of 20 repetitions of each exercise
with the minimum weight allowed by the equipment. An
interval of at least 3 days was allowed between the
sessions.

Patients underwent two experimental sessions, control
(C) and low-intensity resistance exercise (E) performed
in a random order with an interval of at least 7 days, All




experiments were performed in the morning, and patients
were instructed to take a light meal 1h before and to
avoid caffeine. As experiments involved exercise, the
recommendations from the American College Sports
Medicine’s guidelines [6] were followed; in other words,
experiments were initiated only if the patient’s systolic/
diastolic BPs were below 160/105mmHg. Morcover, to
assure that the initial conditions were similar in both
experimental sessions, experiments were initiated only if
BP values were similar to the average values measured in
the preliminary evaluation.

In each session, patients rested in the laboratory in the
scated position for 20 min. During this period, ausculta-
tory BP was measured every 3min, and a mean value
(excluding the first and last measurements) was calcu-
lated. Then, parients went to the exercise room, where
they performed the low-intensity resistance exercise
protocol in the E session or stayed resting in the
machines in the C session. Afterwards, they returned to
the laboratory, and rested in the scated position for
90 min. During this period, auscultatory BP was measured
every S5min, and averaged every 15min. Moreover, an
ambulatory BP monitor was placed in the nondominant
arm of the particnts, and measurements were taken cvery
10 min. After 90 min of recovery, all the equipment was
disconnected; patients took a bath, and returned to the
laboratory within 30 min. Thus, 120 min after the end of
the exercise or rest, the ambulatory BP monitor was
reinstalled, and auscultatory BP was measured again
before the patients left the laboratory. In the laboratory,
air temperature was kept constant berween 21 and 23°C.
Patients were instructed to maintain their usual activ-
ities, to avoid physical exercise, and to record the time of
meals and sleep while using the monitor. They were also
asked to keep similar activities and times in both
experimental days.

The resistance exercise protocol was preceded by 5min
of cycling warm-up and static stretching. Patients
performed three sets of 20 repetitions in cach one of
the six resistance exercises described above with an
intensity of 40% of 1 RM., An interval of 455 was applied
between the sets and 90s between the exercises.

Blood pressure measurements

Auscultatory BP was measured on the dominant arm by a
trained observer. Phases [ and V of the Korotkoff sounds
were employed to determine systolic and diastolic BPs,
respectively.

Ambulatory BP was measured by an oscillometric device
(Spacel.abs 90207; Spacellabs Medical, Inc., Redmond,
Washingron, USA) programmed to take measurements
every 10min for 21h. The device’s calibration was
regularly checked by comparison with a mercury column.
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Recordings were accepted only if at least 75% of the
rcadings were successfully performed. Twenty-one hour,
awake and asleep BPs were expressed by the average of all
measurements taken during the 21-h, awake and asleep
periods reported by each patient. BP loads were
calculated as the percentage of measurements > 140/
90 and = 120/80 mmHg during awake and asleep
periods, respectively. Nocturnal BP fall was calculated
in absolute values by the difference berween mean awake
and asleep BPs, and in relative values by the quotient
berween this difference and the awake BP

Statistical analysis

Auscultatory BP responses to cxercise or rest were
calculated by the difference between values measured
after and before exercise or rest in the E and C sessions,
respectively. These responses were compared by a two-
way analysis of variance for repeated measures (Statistica
for Windows 4.3, Statisoft Inc., 1993; Srarisoft Inc., Tulsa,
Oklahoma, USA), establishing sessions (C and E) and
stages (pre, 15, 30, 45, 60, 75, 90 and 120min) as
the main factors. Post-hoc comparisons were made by
Newman—Keuls test.

To verify the effect of excrcise on ambulatory BP
parameters, BPs measured in the C and E sessions were
compared by paired Student’s zrtest. Correlations were
established by Pearson’s coefficient.

P <0.05 was accepted as statistically significant. Data
are presented as mean + SE.

Results

The workloads corresponding to 40% of 1 RM were
6.5+ 0.5kg for bench press, 51.8 + 4.6 kg for leg press,
17.8 = 0.6 kg for lat pull down, 15.5 + 1.1 kg for leg curl,
10.9 + 0.6 kg for biceps curl, and 18.7 + 1.6 kg for squat.
All patients completed 20 repetitions in the first set of all
exercises; however, in the second and third sets, some
patients did not reach 20 repetitions because of fatigue,
but all of them performed at least 15 repetitions.

Auscultatory systolic and diastolic BP responses observed
in the C and E sessions are shown in Fig. 1. Systolic BP
decreased significantly after exercise from 15 to 90 min of
recovery, whereas in the C session, it increased signifi-
cantly 120 min after the intervention. Diastolic BP also
decreased significantly after exercise from 45 to 75 min of
recovery, and it increased significantly in the C session at
120 min of the postintervention period.

Ambulatory BPs measured in the C and E sessions are
shown in Table 2. Awake systolic, mean, and diastolic
BPs, as well as awake systolic and diastolic BP loads, were
significantly lower in the E than in the C session. All the
other ambulatory BP parameters were similar in both
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Auscultatory SBP (mmHg)

g
g

Auscultatory DBP (mmHg)

Auscultatory systolic (SBP — panel a) and diastolic (DBP - panel b)
blood pressure responses observed before (Pre) and after interventions
in the control (dashed line with circles) and low-intensity resistance
exercise (solid line with squares) sessions. *Significantly different from
Pre (P<0.05). #Significantly different from the control session
(P<0.05).

experimental sessions. As all the patients were awake for
at lcast 10 h, an analysis of hourly BPs during this period
is presented in Fig. 2, and showed that systolic and
diastolic BPs were also lower in the E than in the C
session.

A positive and significant correlation existed berween
some of the ambulatory BP parameters measured in the C
session and their fall observed in the E session. These
correlations were significant for 21-h and night-time
systolic, mean, and diastolic BPs (21-h: »= 0.605, 0.745
and 0.813 and night-time: »=0.689, 0.731, and 0.720,
respectively, 7 < 0.05), and for awake mean and diastolic
BPs (= 0.758 and 0.699, respectively, P < 0.05), showing
that patients with higher BP levels in the C session
presented higher BP fall after exercise (Fig. 3).

Discussion

The most important and new findings of the present
study are that, in hypertensive women receiving ACE
inhibitor therapy (with or without diuretics and/or

Table 2 Ambulatory blood pressure measured after rest and lo
intensity resistance exercise in the control and exercise sessions

Caontrol Exercise

21-Hour

Systolic blood pressure (mmHg) 12815 123+4

Diastolic blood pressure (mmHg) BO+3 76+2

Mean blood pressure (mmHg) 97x4 g92+3

Heart rate (bpm) 7412 768+ 2
Awake

Systolic blood pressure (mmHg) 13245 125+ 4"

Di lic blood p (mmHg) 83+3 78+ 2%

Mean blood pressure (mmHg) 100+ 4 94+ 3%

Heart rate (bpm] 78+2 BOx2
Asleep

Systolic blood pressure (mmHg) 1207 118+5

Diastolic blood pressure (mmHg) 73t4 713

Mean blood pressure (mmHg) 2015 868+3

Heart rate (bpm) 66+1 6712
Blood pressure load

Awake blood pressure (%) 33+11 21+9*

Awake diastolic blood pressure {04) 32+9 13a+g®

Asleep sysiolic blood pressure (%) 5o0+13 40+12

Asleep diastolic blood pressure (%) 39+ 11 2519
Noctumal blood pressure fall

Systolic blood pressure (mmHg) 11+4 7+3

Diastolic blood pressure (mmHg) 113 7+2

Systolic blood pressure (%) 9£3 6+2
Diastolic blood pressure (%) 134 913

*Significantly different from the control session (P<0.08),

acetylsalicylic acid), a single bout of low-intensits
resistance exercise: (a) decreased BP during the recove 3
period; (b) this reduction persisted for 10h, while
patients were awake: and (c) this reduction was greater
in patients with greater ambulatory BP levels.

Postexercise hypotension has already been reported after
resistance exercise in normotensive [9,10,13-15,17-19]
and also in hypertensive [15,16] patients. The magnitude
of clinic systolic/diastolic BP decreases observed in this
study were —12 = 3/—6 = 2mmHg, and the greatest fall
was observed 60 min after exercise. These BP reductions.
were similar to the ones usually reported after acrobic
exercise [3], and they were greater than the ones
previously reported after resistance exercise in non-
treated hypertensive patients [15,16]. This is the first
time that this hypotensive effect was observed in
hypertensive patients receiving ACE inhibitor antihyper-
tensive therapy. As some of the patients (# = 4) were also
receiving diuretics, the results might have been influ
enced by this medication; however, this does not seem to
be the case, because when parients receiving diuretics
were excluded, results remained similar.

We observed an increase in BP 120 min after the rest in the
C session. As this measurement was recorded when
patients rerurned to the laboratory after taking a bath,
which is usually cold in the hot regions of Brazil, the
increase in BP in this session might be related to the
physical activity [24] and/or to the thermoregulatory!
mechanisms  [25,26] associated with the cold bath.
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Fig. 2 Fig. 3
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Mean systolic (SBP — panel a) and diastolic (DBP — panel b) blood
pressures measured in each hour after rest or low-intensity resistance
exercise in the control (dashed line with circles) and exercise (solid line
with squares) sessions. #Significantly different from the control session
(P<0.05).

Nevertheless, as the cold bath was also taken in the E
session, this procedure should not have influenced the
results,

With regard to the duration of BP decrease, it was
maintained throughout the awake period, which lasted at
least 10h in all the patients. This result is especially
relevant, because it shows that resistance exercise
decreases BP during the period of the day when BP is
usually higher. To our knowledge, only one previous study
[16] investigated the duration of hypotension after
resistance exercise in hypertensive patients, and reported
a BP fall for only 1 h. In this study however, patients were
not taking any antihypertensive drug, and the exercisc
intensity was higher. Both these factors might explain the
different resules. With regard to the excercise intensity, the
comparison between the studies suggests that low-
intensity resistance exercise might be betrer for promoting
a long-lasting BP fall in hypertensive patients. In fact,
previous studies in normotensive subjects [10,19] have
already observed greater BP falls after resistance exercises

Correlation between systolic (SBP — panel a) and diastolic (DBP -
panel b) blood pressure (BP) measured in the control session (C), and
their reduction promoted by the low-intensity resistance exercise (E),
calculated by the difference between values observed in the C and the
E sessions (positive values means decrease in BP). $, P< 0.05.

of lower intensitics; however, this aspect was not
invesrigated in hypertensive patients. Nevertheless, the
present results demonstrate that low-intensiry resistance
exercise, which is usually recommended for hypertensive
patients, has an important and long-lasting hypotensive
effect.

It is important to note that the positive correlation
between BP measured in the C session, and BP fall
observed after exercise shows that patients who had
greater ambulatory BP level, also presented greater BP
fall after exercise. In fact, this relationship has already
been reported for aerobic excreise, and has been called
‘law of initial values’ [3]. These results suggest that
exercise is more effective in reducing postexercise
ambulatory BP in patients who do not have a good BP
control besides the drug therapy. In the present study,
although all patients were receiving antihypertensive
therapy, 37% of them presented abnormal ambulatory BP
levels (awake BPs higher than 135/85 mmHg [27]) in the
C session. Thus, the acute hypotensive effect of exercise
might help to control ambulatory BP parameters. Never-
theless, the number of patients in the present study does
not allow the division of the sample in order to get a
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conclusion about this aspect, which should be investi-
gated in the furure.

Taken together, results obtained in the present investiga-
tion support the assertion that BP decreasc obscrved after
low-intensity resistance exercise has clinical relevance,
because: (a) it occurs in hypertensive patients receiving
antihypertensive therapy; (b) it has significant magni-
tude; (c) it is sustained for 10 h, during the awake period;
(d) it is sustained when patients were engaged in
activities of daily living; and (e) it is greater in patients
with higher ambulatory BP levels.

The mechanisms responsible for BP fall after resistance
exercise were out of the scope of the present investiga-
tion. Nevertheless, as this exercise is accompanied by an
important metabolic production [28], these metabolites
could promote muscle vasodilation, decreasing systemic
vascular resistance, and BP. In an alternative way,
resistance exercise also promotes a shift of plasma liquid
to the interstitial space, decreasing plasma volume
[28,29], which can result in a decrease in stroke volume,
cardiac output, and BP. In fact, in a previous study [19]
with normotensive subjects, we observed that BP fall
after low-intensity resistance exercise was due 1w a
decrease in cardiac output. We did not find anv other
study that investigated hemodvnamic mechanisms after
acurtc resistance excrcise. After acrobic exercise however,
hemodynamic mechanisms might be different in regard
to the population studied [30], including normotensive
and hypertensive patients [31]. Thus, in hypertensive
patients, who usually present high systemic wvascular
resistance [32], the mechanism responsible for BP
decrease after resistance exercise might be different,
and should be investigated in the future. Moreover, as
ACE inhibitors alter systemic vascular resistance [33,34],
they may also affect the mechanism responsible for BP
tall after exercise.

Study limitations

Data were collected in untrained hypertensive women
receiving captopril with and without diuretic and/or
acetylsalicylic acid. Results in men and trained patients
might be evaluated by future researches. With regard to
antihypertensive therapy, results might be similar in
hypertensive patients taking other ACE inhibitors. Its

reproducibility in patients receiving other classes of

medication, however, should also be tested. The exercise
protocol employed in the present study consisted of three
sets of 20 repetitions of six exercises for major muscles at
an intensity of 40% of 1 RM. This protocol was chosen
because it is recommended for muscle resistance improve-
ment, and it is used in clinical practise [23]. Results might
be similar with other protocols involving exercise for main
muscles, performed with low intensity and a high number
of repertitions. High-intensity exercise, however, might

bring different results, and 1s not recommended fo
hypertensive patients, as they produce exacerbated
increases in BP durning its execution [35].

Conclusion
In hypertensive women receiving captopril, a single bout
of low-intensity resistance exercise decreases BP during.
the postexercise period. This decrease persists for 10
while patients are awake. It is greater in patients with
higher ambulatory BP levels.
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