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Abstract The occurrence of post-exercise hypoten-
sion after resistance exercise is controversial, and its
mechanisms are unknown. To evaluate the eVect of
diVerent resistance exercise intensities on post-exercise
blood pressure (BP), and hemodynamic and auto-
nomic mechanisms, 17 normotensives underwent three
experimental sessions: control (C—40 min of rest),
low- (E40%—40% of 1 repetition maximum, RM), and
high-intensity (E80%—80% of 1 RM) resistance exer-
cises. Before and after interventions, BP, heart rate
(HR), and cardiac output (CO) were measured. Auto-
nomic regulation was evaluated by normalized low-
(LFR–Rnu) and high-frequency (HFR–Rnu) components
of the R–R variability. In comparison with pre-exer-
cise, systolic BP decreased similarly in the E40% and
E80% (¡6 § 1 and ¡8 § 1 mmHg, P < 0.05). Diastolic
BP decreased in the E40%, increased in the C, and did
not change in the E80%. CO decreased similarly in all
the sessions (¡0.4 § 0.2 l/min, P < 0.05), while systemic
vascular resistance (SVR) increased in the C, did not
change in the E40%, and increased in the E80%.
Stroke volume decreased, while HR increased after
both exercises, and these changes were greater in the
E80% (¡11 § 2 vs. ¡17 § 2 ml/beat, and +17 § 2 vs.
+21 § 2 bpm, P < 0.05). LFR–Rnu increased, while

ln HFR–Rnu decreased in both exercise sessions. In
conclusion: Low- and high-intensity resistance exer-
cises cause systolic post-exercise hypotension; how-
ever, only low-intensity exercise decreases diastolic
BP. BP fall is due to CO decrease that is not compen-
sated by SVR increase. BP fall is accompanied by HR
increase due to an increase in sympathetic modulation
to the heart.

Keywords Strength exercise · Blood pressure · 
Cardiac output · Stroke volume · Heart rate

Introduction

Post-exercise hypotension has been demonstrated after
aerobic exercise (Pescatello et al. 2004). In normoten-
sive subjects, it has been attributed to a decrease in car-
diac output (CO) and/or systemic vascular resistance
(SVR) (Forjaz et al. 2004; Halliwill et al. 1996). More-
over, it has been accompanied by a decrease in periph-
eral sympathetic activity (Bisquolo et al. 2005; Halliwill
et al. 1996), and an increase in cardiac sympathetic
activity (Piepoli et al. 1993).

Nowadays, resistance exercise has also been recom-
mended as part of a comprehensive exercise program
to reduce cardiovascular risk in general population
(American College of Sports Medicine 2000), and in
hypertensives (Pescatello et al. 2004). Nevertheless,
the cardiovascular eVects of this kind of exercise, espe-
cially on blood pressure (BP), are not completely
understood.

During resistance exercise BP increases expressively
(MacDougall et al. 1985). However, after it, BP has been
reported to be higher (Brown et al. 1994; Focht and
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Koltyn 1999; Koltyn et al. 1995; O’Connor et al. 1993),
lower (Bermudes et al. 2004; Brown et al. 1994; DeVan
et al. 2005; Fisher 2001; Focht and Koltyn 1999; Hardy
and Tucker 1998; MacDonald et al. 1999; O’Connor and
Cook 1998), or equal (O’Connor et al. 1993; Raglin et al.
1993; Roltsch et al. 2001) to pre-exercise values. Exer-
cise intensity might be responsible for this controversy,
since Focht and Koltyn (1999) observed that systolic BP
increased after exercise at 80%, but not after exercise at
50% of one repetition maximum (1 RM).

Moreover, to our knowledge, no study investigated
the hemodynamic and neural mechanisms responsible
for BP response after resistance exercise. As this exer-
cise is accompanied by an important metabolic produc-
tion (Bush et al. 1999), these metabolites could
promote muscle vasodilation, decreasing SVR and BP.
In an alternate way, resistance exercise also promotes a
decrease in plasma volume (Bush et al. 1999; Collins
et al. 1989), which can result in a decrease in stroke
volume (SV), CO, and BP. This hypotensive eVect
might be accompanied by a reXex increase in sympa-
thetic activity to the heart, increasing heart rate (HR)
(Bermudes et al. 2004; DeVan et al. 2005; Focht and
Koltyn 1999; MacDonald et al. 1999; O’Connor et al.
1993). These hypotheses need to be tested.

The aim of the present study was to evaluate the
eVect of a single bout of diVerent resistance exercise
intensities on BP, and its hemodynamic and neural
mechanisms. Although post-exercise hypotension might
have clinical relevance in hypertensives, the study was
conducted with healthy subjects in order to understand
its physiology without pathological inXuences.

Materials and methods

Subjects

Seventeen young healthy subjects gave written consent
to take part in the study, which was approved by the
Ethics Committee of the General Hospital of Medical
School, University of São Paulo, Brazil.

Subjects who presented any cardiovascular abnor-
mality in resting or exercise ECG, mean resting sys-
tolic/diastolic BP ¸140/90 mmHg, and/or body mass
index ¸30 kg/m2 were excluded. None of the subjects
exercised regularly. The characteristics of the subjects
are shown in Table 1.

Experimental protocol

At least 7 days prior to the experiments, subjects
underwent a 1 RM test for the bench press, 70° hip

angle leg-press, lat pull down, leg curl, biceps curl, and
40° hip angle leg-press, using Kraemer and Fry’s proto-
col (Kraemer and Fry 1995). Before the test, they
underwent four familiarization sessions (3 sets, 20 rep-
etitions of each exercise with the minimum weight
allowed by the machines) in non-consecutive days.

All subjects underwent, in a random order, three
experimental sessions: control (C), exercise at 40
(E40%), and 80% (E80%) of 1 RM. Sessions were ini-
tiated between 1 and 3 p.m., and had an interval of at
least 7 days. Subjects were instructed to take a light
meal 2 h before the experiments, to avoid physical
exercise and alcohol for at least the prior 48 h, and to
avoid smoking, caVeine, and medications for 12 h.

In each session, subjects rested in the seated position
for 20 min (pre-intervention period). Then they moved
to the exercise room, where they remained for about
40 min: resting in the C session, and exercising in the
E sessions. Subjects were blinded to which sessions they
were going to perform until the exercise or the rest
began. In E40%, subjects performed 3 sets of 20 repeti-
tions of the 6 exercises cited above, with a workload
corresponding to 40% of 1 RM, and an interval of 45 s
between the sets and 90 s between the exercises. In
E80%, they performed 3 sets of 10 repetitions with a
workload corresponding to 80% of 1 RM, with an
interval of 60 s between sets and 90 s between the exer-
cises. Afterwards, subjects returned to the laboratory,
where they rested in the sitting position for 90 min
(post-intervention period). Air temperature was kept
between 20 and 22°C. Hemodynamic data were mea-
sured in duplicate pre-intervention, and at 15, 30, 60,
and 90 min of the post-intervention period. A mean
value was calculated for each moment. Moreover,

Table 1 Physical and functional characteristics of the subjects

Values are means § SE

BMI body mass index, SBP systolic blood pressure, DBP dia-
stolic blood pressure, HR heart rate, 1 RM one repetition maxi-
mum

N 17
Male/female 8/9
Age (year) 23 § 1
Weight (kg) 67.2 § 3.2
Height (cm) 171 § 2
BMI (kg/m2) 22.7 § 0.6
Resting SBP (mmHg) 111 § 3
Resting DBP (mmHg) 65 § 2
Resting HR (beats/min) 71 § 2
1 RM bench press (kg) 64 § 8
1 RM 70° hip angle leg-press (kg) 93 § 8
1 RM lat pull down (kg) 54 § 4
1 RM leg curl (kg) 30 § 2
1 RM biceps curl (kg) 22 § 3
1 RM 40° hip angle leg-press (kg) 71 § 5
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ECG and respiratory data were collected for auto-
nomic assessment during 10 min pre-interventions and
at 20, 40, and 65 min post-interventions.

Measurements

Auscultatory BP was measured immediately before
CO determination. The mean diVerences between
duplicated measurements were 3.13 § 0.18 and
2.91 § 0.15 mmHg for systolic and diastolic BP, respec-
tively, showing that measurement was accurate
(O’Brien et al. 2002). Mean BP was calculated by the
sum of DBP and one third of pulse pressure. ECG was
continuously monitored (TEB, M-10) and HR was reg-
istered immediately after BP measurement.

Cardiac output was estimated by the indirect Fick
method of CO2 rebreathing (Jones et al. 1967), using a
metabolic cart (MGC, CAD/NET 2001). BrieXy, sub-
jects breathed spontaneously until a steady CO2 pro-
duction was achieved. This procedure was followed by
the rebreathing of a mixed gas with a high CO2 concen-
tration (8–10%) and 35% O2 until equilibrium was
achieved (maximal of 15 s). At this moment, CO was
calculated by the Fick formula. SVR was calculated by
the quotient of mean BP and CO, and SV by the quo-
tient of CO and HR.

For autonomic evaluation, ECG (TEB, D10) and
respiratory activity (thoracic belt-UFI, Pneumotrace II)
were recorded for 10 min with a sample frequency
of 500 Hz per channel. A derivated-threshold algo-
rithm provided the series of R–R intervals from
ECG, and the signal of respiratory activity was sam-
pled once for every cardiac cycle. An autoregressive
spectral analysis of R–R variability was performed,
and its theoretical and analytical procedures have
been described before (Task Force 1996). BrieXy, on
stationary segments of the time series, with at least
150 points (Task Force 1996), autoregressive param-
eters were estimated by the Levinson–Durbin recur-
sion, and the order of the model was chosen
according to Akaike’s criterion (Malliani et al. 1991).
An autoregressive spectral decomposition was then
performed. The components were assigned based on
their central frequency as low- (LFR–R—0.04–
0.15 Hz) and high-frequency (HFR–R—0.15–0.5 Hz)
components, and HF power was considered in
dependence to a signiWcant coherence with respira-
tory spectrum. HFR–R and LFR–R components were
reported in normalized units (nu), which represent
the relative value of each power component in pro-
portion to the total power minus very low-frequency
component (VLF—0–0.04 Hz). Normalized LHR–R
and HFR–R components of R–R variability were

accepted, respectively, as markers of the cardiac sym-
pathetic and parasympathetic modulations (Task
Force 1996).

Statistical analysis

Changes in hemodynamic and autonomic parameters
in each experimental session were calculated by the
diVerence in values measured in the post- and pre-
intervention periods. These changes were compared by
a two-way analysis of variance ANOVA for repeated
measures (STATISTICA FOR WINDOWS 4.3, Stat-
soft Inc., 1993, Tulsa, OK, USA), with sessions (C,
E40%, and E80%) and stages (pre and 15, 30, 60, and
90 min or pre and 20–30, 40–50, and 65–75 min after
exercise) as main factors. The Gaussian distribution of
the data was veriWed by the Shapiro–Wilk test, and a
natural logarithmic (ln) transformation was employed
when necessary (for HFnu and LF/HF). Post-hoc com-
parisons were done by Newman–Keuls test. P < 0.05
was accepted as statistically signiWcant. Data are pre-
sented as means § SE.

Results

Six subjects initiated the protocol with the C session,
six with E40%, and Wve with E80%. The workloads
corresponding to 40 and 80% of 1 RM were, respec-
tively, 25 § 3 and 50 § 6 kg for bench press, 41 § 3 and
82 § 6 kg for 70° hip angle leg-press, 22 § 2 and
42 § 4 kg for lat pull down, 12 § 1 and 23 § 2 kg for
leg curl, 8 § 1 and 16 § 2 kg for biceps curl, and 29 § 2
and 57 § 4 kg for 40° hip angle leg-press. Moreover, in
eight subjects, HR was monitored during exercise
(Polar, S810), and the maximal values achieved during
exercise at 40 and 80% of 1 RM were, respectively,
132 § 3 and 136 § 4, 122 § 3 and 152 § 6, 132 § 6 and
161 § 4, 151 § 6 and 156 § 7, 164 § 5 and 169 § 5, and
135 § 4 and 163 § 4 beat/min for the bench press, 70°
hip angle leg-press, lat pull down, leg curl, biceps curl,
and 40° hip angle leg-press.

Pre-intervention data

Hemodynamic and autonomic data measured before
the interventions in all the experimental sessions are
shown in Table 2. Pre-intervention systolic and mean
BPs were signiWcantly higher in the E40% than in the
C session. Moreover, pre-intervention SVR was also
signiWcantly higher in the E40% than in the E80% ses-
sion. All the other parameters were similar among the
experimental sessions.
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Hemodynamic data

Systolic, mean, and diastolic BP changes observed in
all the experimental sessions are shown in Fig. 1. In
comparison with the pre-intervention values, systolic
BP did not change in the C session, and decreased sim-
ilarly during all the recovery periods after exercise in
the E40% and E80% sessions (¡6 § 1 and
¡8 § 1 mmHg, respectively, P < 0.05). Diastolic BP
increased after intervention in the C session
(+5 § 1 mmHg, P < 0.05), did not change in the E80%
session, and decreased at 15 and 30 min after exercise
in the E40% session (¡4 § 1 mmHg, P < 0.05). Mean
BP increased 90 min after intervention in the C session
(+3 § 1 mmHg, P < 0.05), decreased at 60 min
(¡3 § 1 mmHg, P < 0.05), and at 30–60 min (¡4 § 1
and ¡4 § 1 mmHg, P < 0.05) after intervention in the
E80% and E40% sessions, respectively.

Cardiac output, SVR, SV, and HR changes observed
after interventions in the experimental sessions are
shown in Fig. 2. In comparison with the pre-interven-
tion values, CO decreased similarly after interventions
in all the experimental sessions, while SVR increased
after 60 min of the post-intervention period in the C
session (+7 § 2 mmHg min/l, P < 0.05), did not change
in the E40% session, and increased at 15 and 30 min
after exercise in the E80% session (+5 § 2 mmHg min/l,
P < 0.05).

In comparison with the pre-intervention values, SV did
not change in the C session, but decreased after interven-
tion in the E40% and E80% sessions. Moreover, at

15 min of the post-intervention period, SV fall was
greater in the E80% than the E40% session (¡17 § 2 vs.
¡11 § 2 ml, respectively, P < 0.05).

In comparison with the pre-intervention values, HR
decreased throughout the post-intervention period in
the C session (¡7 § 2 beat/min, P < 0.05), and
increased signiWcantly in the exercise sessions. More-
over, HR increase observed 15 min after exercise was
greater in the E80% than E40% session (+21 § 2 vs.
+17 § 2 beat/min, P < 0.05).

Autonomic data

Indexes of autonomic activity changes observed after
intervention in all the experimental sessions are shown

Table 2 Hemodynamic (n = 17) and autonomic (n = 8) parame-
ters measured pre-interventions in the control (C) and resistance
exercise at 40% (E40%) and 80% (E80%) of 1 RM sessions

Values are means § SE

SBP systolic blood pressure, MBP mean blood pressure, DBP
diastolic blood pressure, CO cardiac output, SVR systemic vascu-
lar resistance, SV stroke volume, HR heart rate, LFR–Rnu normal-
ized low-frequency component of R–R variability, HFR–Rnu
normalized high-frequency component of R–R variability

* SigniWcantly diVerent from the C session (P < 0.05)
9  SigniWcantly diVerent from the E80% session (P < 0.05)

C E40% E80%

SBP (mmHg) 108 § 13 112 § 12* 111 § 12
MBP (mmHg) 78 § 8 81 § 8* 79 § 9
DBP (mmHg) 63 § 7 66 § 8 63 § 9
CO (l/min) 3.1 § 0.9 2.9 § 0.8 3.3 § 0.7
SVR 

(mmHg min/l)
27 § 8 30 § 89 25 § 5

SV (ml) 44 § 12 40 § 12 45 § 11
HR (beat/min) 73 § 11 74 § 8 75 § 8
LFR–Rnu 60.6 § 2.4 64.4 § 3.1 65.9 § 2.6
HFR–Rnu 39.4 § 2.4 35.6 § 3.1 34.1 § 2.6
LF/HF 1.60 § 0.15 1.96 § 0.26 2.08 § 0.29

Fig. 1 Changes in systolic (SBP panel a), diastolic (DBP panel b),
and mean (MBP panel c) blood pressures observed in 17 subjects
after interventions in the control (C circles), resistance exercise at
40% of 1 RM (E40% squares), and resistance exercise at 80% of
1 RM (E80% triangles) sessions. *SigniWcantly diVerent from pre-
intervention (P < 0.05). 9SigniWcantly diVerent from the control
session (P < 0.05). ‡SigniWcantly diVerent from the E80% session
(P < 0.05)
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in Table 3. Because of technical problems, autonomic
data were assessed only in eight subjects. In compari-
son with the pre-intervention values, R–R interval did
not change in the C session, but decreased signiWcantly
throughout the recovery period in the E40% session,
and until 50 min of recovery in the E80% sessions.
LFR–Rnu, ln HFR–Rnu, and ln LF/HF did not change in
the C session, but ln HFR–Rnu decreased, while LFR–Rnu

and ln LF/HF increased similarly after exercise in the
E40% and E80% sessions.

Discussion

The main Wndings of this study are: (a) a single bout of
low- and high-intensity resistance exercise decreased

Fig. 2 Changes in cardiac 
output (CO panel a), systemic 
vascular resistance 
(SVR panel b), stroke volume 
(SV panel c), and heart rate 
(HR panel d) observed in 17 
subjects after interventions in 
the control (C circles), resis-
tance exercise at 40% of 1 RM 
(E40% squares), and resis-
tance exercise at 80% of 1 RM 
(E80% triangles) sessions. 
*SigniWcantly diVerent from 
pre-intervention (P < 0.05). 
9SigniWcantly diVerent from 
the control session (P < 0.05). 
‡SigniWcantly diVerent from 
the E80% session (P < 0.05)
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Table 3 Changes in autonomic activity indexes measured in eight subjects after interventions in the control (C) and resistance exercise
at 40% (E40%) and 80% (E80%) of 1 RM sessions

Values are means § SE

LFR–Rnu normalized low-frequency component of R–R variability, ln HFR–Rnu log normalized high-frequency component of R–R var-
iability

* SigniWcantly diVerent from the pre-intervention (P < 0.05)
9  SigniWcantly diVerent from the C session (P < 0.05)

Pre Post-intervention

20–30� 40–50� 65–75�

R–R interval (ms)
C 0 +0.043 § 0.025 +0.039 § 0.023 +0.035 § 0.028
E40% 0 ¡0.125 § 0.024*9 ¡0.095 § 0.029*9 ¡0.076 § 0.023*9

E80% 0 ¡0.100 § 0.023*9 ¡0.060 § 0.024*9 ¡0.035 § 0.0299

LFR–Rnu
C 0 +3.0 § 4.6 +1.1 § 7.0 +2.2 § 5.4
E40% 0 +23.0 § 3.5*9 +17.1 § 3.3*9 +14.4 § 4.0*9

E80% 0 +23.2 § 3.1*9 +15.4 § 3.1*9 +15.6 § 5.5*9

ln HFR–Rnu
C 0 ¡0.11 § 0.10 ¡0.16 § 0.21 ¡0.14 § 0.12
E40% 0 ¡1.12 § 0.22*9 ¡0.77 § 0.17*9 ¡0.84 § 0.26*9

E80% 0 ¡1.27 § 0.24*9 ¡0.80 § 0.15*9 ¡0.94 § 0.29*9

ln LF/HF
C 0 +0.15 § 0.18 +0.16 § 0.32 +0.16 § 0.21
E40% 0 +1.45 § 0.24*9 +1.02 § 0.20*9 +1.05 § 0.30*9

E80% 0 +1.59 § 0.25*9 +1.02 § 0.19*9 +1.13 § 0.37*9
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post-exercise systolic BP; however, only low-intensity
exercise decreased diastolic BP; (b) independent of the
exercise intensity, post-resistance exercise hypotension
was due to a decrease in CO which was not completely
compensated by an increase in SVR; (c) CO decrease
was mediated by a decrease in SV, which was accompa-
nied by an incomplete rise in HR, promoted by cardiac
sympathetic activation and parasympathetic deactiva-
tion.

In keeping with some previous studies (Bermudes
et al. 2004; Brown et al. 1994; DeVan et al. 2005; Fisher
2001; Focht and Koltyn 1999; Hardy and Tucker 1998;
MacDonald et al. 1999; O’Connor and Cook 1998), the
present investigation showed that resistance exercise
promoted post-exercise hypotension in normotensive
subjects. The magnitude of systolic BP fall varies
extremely among previous studies (from 3 to
20 mmHg). In the present study, systolic BP falls were
similar between exercises at low- and high-intensities
(¡6 § 1 and ¡8 § 1 mmHg, respectively); they were
similar to the ones usually reported after aerobic exer-
cise (Pescatello et al. 2004), and lasted for at least
90 min.

In regard to diastolic BP, a signiWcant fall in compar-
ison with pre-exercise values was observed only after
low-intensity resistance exercise. However, in the
E80% session, diastolic BP did not rise as observed in
the C session, showing that high-intensity resistance
exercise also had diastolic hypotensive eVect. Never-
theless, this eVect was lower than the one observed
after low-intensity exercise.

To our knowledge, this is the Wrst study to address
hemodynamic and neural mechanisms after resistance
exercise. It was interesting that CO decreased similarly
in all the sessions, including the C session. However, in
the C session, CO decrease was due to a slight reduc-
tion in HR, and a non-signiWcant decrease in SV. The
slight reduction of HR was not observed when R–R
interval was evaluated, which might be explained by
the diVerent number of subjects applied for the R–R
analysis and/or by the diVerent conditions of measure-
ment. The absence of change in the cardiac autonomic
indexes of R–R interval variability is in accordance
with the R–R interval response. Moreover, in the C
session, CO decrease was compensated by an increase
in SVR, which explains the increase in diastolic BP and
the absence of changing in systolic BP. These hemody-
namic responses in resting condition might seem odd at
Wrst. Nevertheless, they were also observed by others
(Forjaz et al. 2004; Gotshall et al. 1994; Raglin and
Morgan 1987), and might be related to the orthostatic
stress produced by the sitting position (Gotshall et al.
1994). This position might have decreased venous

return, deactivating cardiopulmonary baroreXex and
increasing, consequently, SVR and DBP (Mark and
Mancia 1996).

Systemic hemodynamics after resistance exercise
were diVerent from the C session, and were inXuenced
by the exercise intensity. After low-intensity exercise,
CO decrease was not accompanied by an increase in
SVR, which explains the fall in both systolic and dia-
stolic BPs. However, after exercise at 80% of 1 RM,
SVR presented an increase at the beginning of the
recovery and maintenance afterwards, which explains
the decrease in systolic, but not in diastolic BP.

After both exercise sessions, CO decrease was medi-
ated by a reduction in SV, which could be explained by
a decrease in cardiac contractility, an increase in after-
load and/or a reduction in pre-load. Nevertheless, a
decrease in cardiac contractility is not likely, since it
has only been reported after extremely extenuating
dynamic exercises, such as a 24-h run (Niemela et al.
1984) or exercise bout to exhaustion (Seals et al. 1988),
which was not the case of the present exercise sessions.
The increase in afterload might explain, in part, the SV
fall at 15 min after exercise at 80% of 1 RM because, at
this moment, SVR was increased. However, it could
not explain SV decrease in the E40% session. Thus, a
decrease in pre-load is the most plausible mechanism
to explain the reduction in SV after resistance exercise
because plasma volume is reduced by a shift of plasma
liquid from blood to the interstitial space (Bush et al.
1999; Collins et al. 1989). As the magnitude of this
plasma reduction is greater after more intense exercise
(Collins et al. 1989), this mechanism is also in accor-
dance with the greater SV fall observed after exercise
at 80% than 40% of 1 RM.

The decrease in plasma volume and consequently, in
venous return, may also be involved in SVR responses
observed after resistance exercises. This decrease
might deactivate cardiopulmonary receptors, increas-
ing peripheral sympathetic activity and SVR (Rowell
et al. 1996). This eVect was especially evident at the
beginning of the recovery period in the E80% of 1 RM
session, when plasma volume decrease was probably
maximized. However, other vasoconstrictor mecha-
nisms activated by plasma volume decreases, such as
renin–angiotensin–aldosterone system (Convertino
1987), might also be involved. These mechanisms were
not addressed in the present study.

After both exercise sessions, SV decreases were
accompanied by HR increases, which were not big
enough to compensate SV decreases, resulting in CO
reductions. It is important to state, however, that post-
exercise increase of HR was reported in comparison
with pre-exercise levels, and it really represents the
123
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delay of HR to return to pre-exercise values after being
elevated during exercise. This increase in HR after
resistance exercise has already been reported by others
(Bermudes et al. 2004; DeVan et al. 2005; Focht and
Koltyn 1999; MacDonald et al. 1999; O’Connor et al.
1993). Nevertheless, this is the Wrst time that it is shown
that HR increase after resistance exercise was medi-
ated by an increase in sympathetic and a decrease in
parasympathetic modulation of the heart, as set by the
increase in LFR–Rnu and ln LF/HFR–R, and decrease in
ln HFR–Rnu components. These autonomic responses
might be mediated by baroreXex control evoked by BP
decrease observed after exercise (Halliwill et al. 1996).

It is important to note that post-exercise measure-
ments were taken after subjects walked back from the
exercise to the laboratory room, and this procedure
might have inXuenced post-exercise hemodynamic
results at 15 min of recovery. Nevertheless, as this
procedure took less than 30 s, and it was also followed
in the C session, any possible inXuence was mini-
mized.

Based on previous comments, it is possible to point
out that exercise intensity is an important factor deter-
mining the hemodynamic responses after resistance
exercise. Low-intensity exercise promoted greater
hypotensive eVect than the higher intensity one, espe-
cially on diastolic BP, because it did not increase SVR
to compensate CO decrease. Nevertheless, CO
decreases were similar between diVerent exercise
intensities, although SV reductions were greater after
the high-intensity exercise. These responses might be
attributed to the lower deactivation of cardiopulmo-
nary reXex produced by low-intensity exercise, which
resulted in a lower increase in SVR.

Study limitations

This study included men and women. It is known that
gender might inXuence hemodynamic and neural
responses in certain situations. However, a comple-
mentary statistical analysis, including gender as a
between-group main factor, found no diVerence
between men and women.

Subjects presented higher systolic BP, and conse-
quently higher mean BP and SVR in the pre-interven-
tion period of the E40% session. Nevertheless, these
diVerences were small and within the measurement
error (O’Brien et al. 2002). Thus, they should not
have interfered with results. Besides that, as the
objective was to compare the responses after exercise,
the calculation of the diVerences between post- and
pre-intervention values decreases any possible
inXuence.

The interpretation of LFR–R as the sympathetic
modulation of the heart has some controversy. How-
ever, when normalized units are employed, it is
assumed that this band is predominantly representative
of sympathetic modulation (Task Force 1996). More-
over, as we observed a decrease in ln HFR–Rnu, and an
increase in LFR–Rnu and ln LF/HF, this pattern of
response undoubtedly indicates sympathetic predomi-
nance.

Conclusion

Low- and high-intensity resistance exercises promote
systolic post-exercise hypotension in normotensive
subjects, while only low-intensity exercise decreases
diastolic BP. After both exercise intensities, BP
decrease was due to a reduction in CO that is not com-
pletely compensated by an increase in SVR. CO reduc-
tion is due to a decrease in SV besides the increase in
HR promoted by the activation of sympathetic and
deactivation of parasympathetic modulation of the
heart.
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