Original article 1881

Exercise intensity alters postexercise hypotension
Linda S. Pescatello?, Margaux A. Guidry?, Bruce E. Blanchard@?, Allison Kerr?,
Amy L. Taylor®, Amy N. Johnson?, Carl M. Maresh?, Nancy Rodriguez?® and

Paul D. Thompson®

Objective Blood pressure (BP) is immediately lowered
after a session of dynamic exercise, e.g. postexercise
hypotension (PEH). The optimal exercise intensity needed
to evoke PEH has not been established. We examined the
effect of light (LITE) and moderate (MOD) exercise
intensity on PEH.

Design Subjects were 49 men (mean = SEM,

43.8 = 1.4 years) with high normal to stage 1 hypertension
(145.0 = 1.5/85.8 = 1.1 mmHg). Men randomly completed
three blinded experiments: a control session and two cycle
exercise bouts, one at 40% (LITE) and the other at 60%
(MOD) of maximal oxygen consumption.

Methods Experiments began with a baseline period and
were conducted at the same time of day and separated by
= 2 days. Subjects wore an ambulatory BP monitor after
the experiments. Repeated measure analysis of variance
(ANOVA) tested if BP and heart rate differed over time and
between experimental conditions. Multivariate regression
tested factors related to the BP response.

Results For 9 h after all experiments, average awake
systolic blood pressure (SBP) increased and diastolic
blood pressure (DBP) decreased compared with baseline
(P<0.001). Average awake SBP increased up to

6.9 mmHg less (P < 0.001) and DBP decreased 2.6 mmHg
more (P < 0.05) after exercise versus control. For 5 h, PEH

Introduction

Hypertension (HTN) is a major public health problem
that affects nearly 29% of US adults [1]. HI'N is the
most common primary diagnosis in Americans with
90% of middle-aged and older adults likely to develop
HTN [2]. Those with high normal blood pressure (BP)
are at highest attributable risk of cardiovascular disease
(CVD) with 50% of related CVD events occurring in
this group [3-5]. For these reasons, practice of healthy
lifestyle behaviors such as habitual physical activity is
recommended for the prevention and control of HTN
[1,5,6].

Endurance exercise training lowers BP between 5 [7]
and 10 mmHg [8,9] in those with HTN with the
greatest reductions seen in those with the highest pre-
exercise BP [10,11]. Although studies are limited in
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was greater after MOD; but over the course of 9 h, LITE
was as effective as MOD in eliciting PEH. Baseline BP was
the primary factor explaining the BP response ( = —0.434
to —0.718, r2 = 0.096-0.295).

Conclusions LITE and MOD evoked PEH throughout the
daytime hours. Lower intensity dynamic exercise such as
walking, contributes to BP control in men with
hypertension. J Hypertens 22:1881-1888 © 2004 Lippincott
Williams & Wilkins.
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number and many lack adequate controls, moderate
intensity aerobic exercise is professed to be at least as
effective as vigorous intensity exercise in eliciting this
response [8]. Hagberg e a/. [9] have noted, however,
25% of the people with HT'N do not lower their BP

with dynamic exercise training.

Isolated aerobic exercise sessions produce immediate
decreases in BP that can persist for 22 h after exercise
[12]. These BP reductions below control levels follow-
ing acute exercise have been named, postexercise
hypotension (PEH) [13]. The immediacy by which
PEH occurs suggests some if not all of the BP benefit
attributed to endurance exercise training may actually
be an acute phenomenon related to recent exercise
[14]. The reductions in BP resulting from isolated
exercise sessions as with those produced by long term
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exercise training are greatest in people with the highest
pre-exercise BP values [15]. Preliminary evidence in-
dicates PEH may be a low intensity threshold event
[12,16-20], meaning the BP reductions occur after low
levels of physical exertion. However, not all people
with HI'N demonstrate PEH, and the reasons for this
variable response are not clear [15,16,21].

The present study examined the influence of exercise
intensity on PEH. Because PEH appears to be a low
intensity threshold event, we compared the effective-
ness of light and moderate intensity endurance exercise
in eliciting PEH in men with high normal to stage 1
HTN. We hypothesized light and moderate intensity
exercise would similarly evoke PEH, and the largest
BP reductions would occur in men with the highest

baseline BP.

Methods

Subjects

Volunteers were 49 men between 18 and 55 years,
with high-normal to stage 1 HTN [systolic BP (SBP)
= 130-159 and/or diastolic BP (DBP) = 85-89
mmHg]. Subjects were excluded if they had a SBP
= 160 mmHg and/or DBP = 100 mmHg, CVD, dia-
betes mellitus, asthma, thyroid dysfunction, pancre-
atitis, acute illness and/or were on antidepressant
medication. Volunteers had no physical limitations
prohibiting exercise and were non-smokers. Subjects
completed an informed consent approved by the In-
stitutional Review Boards of the University of Connec-
ticut and Hartford Hospital.

Any medications potentially influencing the BP
response to exercise including antihypertensives,
hyperlipidemics, anticoagulants, non-steroidal anti-
inflammatory agents, nutritional supplements other
than a one-a-day vitamin, cold medications, and herbal
supplements were discontinued at least 4 weeks prior
to testing. If medications were withdrawn, study inves-
tigators regularly monitored participants’ BP during the
washout period. Men in whom the withdrawal of
antihypertensive medication resulted in resting SBP =
160 and/or DBP = 100 mmHg were excluded.

Procedures

The study design overview is shown in Figure 1.
Subjects initially participated in an orientation session
to familiarize them with the study and to ensure their
BP met the study inclusion criteria. Volunteers were
weighed on a standard balance-beam scale (Model 339;
Detecto, Webb City, Missouri, USA) and height was
recorded to calculate body mass index (kg/m?). Waist
circumference was obtained at the iliac crest with a
Gulick tape measure. After a minimum of 5 min of
seated rest, BP measurements were taken three times,
5 min apart in each arm by auscultation and averaged.

Fig. 1

’ No. 1 Orientation session ’ ABP Monitor*"

’ No. 2 Graded exercise test* ‘ ABP Monitor*
No. 3 Experimental sessions

(40 min, blinded and random order)

20 min Baseline*
Seated rest
LITE* CONTROL* MOD*
40% VO, max Seated rest 60% VO, max

N /

45 min Recovery
Seated rest

ABP monitor*

Study design overview. ABP, ambulatory blood pressure;

VOg,max, maximal oxygen consumption; Blood pressure and heart
rate taken throughout; 'worn until waking the next morning; * includes
5 min warm-up and 5 min cool down periods to total 40 min of
exercise. LITE, 40%VO,max; MOD, 60%VO;max.

An ambulatory BP (ABP) monitor (Accutracker II
automatic noninvasive ambulatory BP monitor; Suntech
Medical Instruments Inc., Raleigh, North Carolina) was
then attached to each subject.

The ABP monitor was calibrated with a mercury
sphygmomanometer until three successive ABP meas-
urements were within 5 mmHg of measurements made
by auscultation. In order to prevent the subject from
anticipating the time of an ABP reading, the BP
sampling interval was programmed to take three ABP
measurements per hour at random intervals that were
determined by the monitor to be between 15 to 20 min
apart until 2300 h, and then ABP measurements were
taken hourly thereafter. The mean time of day for ABP
attachment time was 1230 h. Volunteers left the labora-
tory with instructions to proceed with their usual
activities, not to engage in formal exercise, keep their
arm extended and still at the time of measurement, and
return the monitor the following day. They were given
a journal to record activities performed during a meas-
urement and any unusual events. The computerized
recordings were considered acceptable if at least 80%
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of the potential ABP readings were obtained. Values
were deleted when they met the manufacturer’s quality
control rejection criteria. If orientation awake ABP
averaged < 135/85 mmHg [22], subjects were excluded
from further participation. The Accutracker II ABP
monitor has demonstrated less disparity and closer
levels of agreement with intraarterial BP than clini-
cians’ measurements at rest and during exercise [22,23]
and superior short and long term reproducibility over
office determinations [24].

Following the orientation session, volunteers completed
a graded cardiopulmonary exercise stress test (GX'T) to
exclude occult coronary artery disecase and determine
the exercise workload. Maximal oxygen consumption
(VO;max) was measured by breath-by breath analysis
of expired gases during testing via an open circuit
respiratory apparatus (Sensormedics Vmax 29 Metabolic
Cart; SensorMedics Corp., Yorba Linda, California,
USA), while on an incremental resistance exercise test
on a cycle ergometer (Monark Ergomedic 818E, Stock-
holm, Sweden). The exercise test consisted of contin-
uous cycling at a cadence of 60 rev/min with resistance
increased by 0.5 kp (30 W) every 2 min until volitional
exhaustion. Heart rate (HR) was recorded continuously
with a 12-lead ECG system (Marquette Case 8000;
Jupiter, Florida, USA). SBP and DBP were measured
every 2 min by auscultation. The GXT results were
used to calculate the intensity of the experimental
exercise sessions from a linear regression plot of work
rate and HR as a function of VO,. Subjects left the
GX'T attached to the ABP monitor to further acquaint
them with the technology [25].

Subjects then completed three blinded experiments in
random order that were separated by = 2 days. Experi-
ments began between 0800 and 1100 h, depending on
the subject’s schedule. Once a starting time was chosen
by the subject, all experiments were conducted at the
same time of day for that subject. The experiments
consisted of a control session of seated rest, and two
cycle exercise bouts, one performed at light intensity
(40% VO;max, LITE) and the other at moderate
intensity (60% VO,max, MOD) (Fig. 1). Volunteers
were instructed to abstain from exercise for 48 h,
consume a standard meal and refrain from caffeinated
food and beverages for 4 h before all experimental
sessions.

Volunteers began each experiment with a 20-min base-
line period in the seated position with HR and BP
recorded every 2 min. HR was measured with a HR
monitor (Model No. 1902750; Polar Electro Inc, Wood-
bury, New York, USA) and BP by auscultation. The
same investigator measured BP before, during and after
all experiments with a standard mercury sphygmoman-
ometer in all subjects. Subjects were blinded to the

Exercise and blood pressure Pescatello et al. 1883

experiment they were to perform, e.g. exercise or
control, until the completion of the baseline period.
The exercise sessions consisted of a 5-min warm up,
30 min of cycling at either LITE or MOD and a 5-min
cool down, totaling 40 min of exercise. VO, was mon-
itored during steady-state exercise (Sensormedics Vmax
29 Metabolic Cart; SensorMedics Corp.) to verify the
designated exercise intensity. The average steady-state
VO;max maintained during the LITE phase was
40.3 £ 0.0%, and 59.9 £ 0.0% for the MOD phase. The
subjects also completed a 40-min control session of
seated rest.. HR and BP were measured at 5-min
intervals during the experiments. Each experiment was
followed by a 45-min recovery period in the seated
position with BP and HR measured every 2 and 3 min,
respectively. Following recovery, subjects were at-
tached to the ABP monitor. Despite being told to keep
the unit on until waking the next morning, many of the
subjects had disconnected the unit by 0300 h, because
of interrupted sleep.

Statistical analyses

Descriptive statistics were calculated on study vari-
ables. Repeated measure analysis of variance (RM-
ANOVA) tested if BP and HR differed over time and
between experimental conditions (control and exercise)
and exercise intensities (LI'TE and MOD). There were
significant BP X time interactions noted at 5h after
exercise between LITE and MOD, so that BP and HR
results are reported for 5h after the experimental
sessions; and for 9 h, the observed duration of PEH
when all men were awake and out-of-bed.

Pearson correlations examined the relationships be-
tween independent and dependent variables for 5h
and 9 h after exercise and control. Independent vari-
ables included age, baseline and orientation BP, body
mass index (BMI), waist circumference, and VO,;max.
Dependent variables were the mean BP response for
5h and 9 h after control, LITE and MOD. Of these
variables, baseline BP, orientation ABP, age and
VO;max were found to be significant correlates with
the BP response.

Multivariate regression analyses then determined if
baseline BP, orientation ABP, age and VO,max were
related to the BP response after, compared with before,
control and exercise. In these regression analyses, the
degree of collinearity among predictors was examined
to ensure the covariances between the independent
variables were low. Findings from the multivariate
regression analyses are shown in Table 1 as reduced
models containing only the predictors found to be
significant. All statistical analyses were performed with
the Statistical Package for Social Sciences Base 11.0 for
Windows (SPSS Inc., Chicago, Illinois, USA) using two-
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Table 1  Significant predictors of the mean awake blood pressure change from baseline
for 5 and 9 h after control and exercise
Condition Variable entered Beta t P R2
5 h SBP Control Baseline SBP —0.587 —4.971 0.000 0.345
LITE Baseline SBP —0.572 —5.162 0.000 0.447
Age —-0.271 —2.445 0.018
MOD Baseline SBP —0.728 —6.330 0.000 0.478
ASBP 0.431 3.749 0.000
9 h SBP Control Baseline SBP —0.606 —5.221 0.000 0.367
LITE Baseline SBP —0.663 —5.697 0.000 0.426
ASBP 0.265 2.275 0.028
MOD Baseline SBP -0.718 —6.299 0.000 0.488
ASBP 0.487 4.271 0.000
5 h DBP Control Baseline DBP —0.600 —5.142 0.000 0.396
LITE Baseline DBP —0.434 —-3.016 0.004 0.186
ADBP 0.321 2.264 0.028
MOD Baseline DBP —0.497 —4.248 0.000 0.423
ADBP 0.413 3.5623 0.001
Relative VOymax —0.386 —3.390 0.001
9 h DBP Control Baseline DBP —0.703 —5.742 0.000 0.423
ADBP 0.258 2112 0.040
LITE Baseline DBP —0.473 —3.446 0.001 0.260
ADBP 0.422 3.081 0.004
MOD Baseline DBP —0.524 —4.034 0.000 0.339
ADBP 0.320 2.472 0.017

Relative VOymax

—0.292 —2.376 0.022

SBP, systolic blood pressure; ASBP, ambulatory systolic blood pressure obtained after orientation; DBP,
diastolic blood pressure; ADBP, ambulatory diastolic blood pressure obtained after orientation; VOomax,
maximal oxygen consumption; LITE, 40%VO;max; MOD, 60%VO;max.

tailed tests with P < 0.05 established as the level of
statistical significance.

Results

Subjects

Participants (# = 49) were Caucasian men with a mean
age of 43.8 + 1.4 years, and an orientation mean awake
ABP of 145.0 £1.5/85.8 £ 1.1 mmHg and night ABP
of 125.7 £2.7/71.9 & 1.3 mmHg. Subjects were over-
weight with a BMI of 29.4 4 0.7 kg/m? and waist
circumference of 101.8 £ 2.0 cm and had below average
physical fitness (VO,max, 31.3 £ 0.9 ml/kg per min) for
men of their age [26]. Nearly half (49.0%) of the men
reported a family history of HT'N and 12 men discon-
tinued antihypertensive or hyperlipidemic medications
or both in order to participate.

Hemodynamic response

Over the course of 9 h, average SBP increased (Fig. 2)
and DBP decreased (Fig. 3) from a mean baseline of
126.0 £ 1.8 and 87.1 £ 1.2 mmHg, respectively, follow-
ing the experimental sessions (P < 0.001). The mean
changes in awake SBP (Fig. 4) and DBP (Fig. 5) from
baseline are shown for 5h, the time point of the
significant BP X Time experimental interactions; and
for 9 h, the observed duration of PEH when all subjects
were awake and ambulating. The mean increase in
awake SBP from baseline for 5 and 9 h was less after
exercise compared with control (Fig. 4) (P < 0.05), and
the mean increase in awake SBP was less for 5 h after
MOD than LITE (P <0.01). Thus, average SBP was

lower for 5 and 9h after LITE (132.04+ 1.5 and
134.0 £ 1.6 mmHg) and MOD (129.8 + 1.6 and 133.0 £
1.7 mmHg) compared with control (134.3 £1.7 and
136.1 £ 1.6 mmHg) (P <0.05). For 5h, the mean de-
crease in awake DBP was greater (Fig. 5) and average
DBP lower after MOD (84.8 + 1.2 mmHg) versus con-
trol (86.5 + 1.2 mmHg) (P < 0.05). Although the mean
decrease in awake DBP was not different after LITE
than control (P > 0.05), average DBP tended to be
lower after LITE (85.1 £ 1.3 mmHg) compared with
control (86.5 + 1.2 mmHg) (P = 0.056). Over the course
of 9 h, the mean decrease in awake DBP was greater
after exercise than control, but these differences did
not achieve statistical significance (P > 0.05). None-
theless, the decrease in awake DBP was sufficient to
lower average DBP to a greater extent after LITE
(84.1 £ 1.3 mmHg) (P =0.022) than MOD (84.6 +£1.2
mmHg) and control (85.6 + 1.2 mmHg).

For 5 h, the mean increase in awake HR from baseline
was more after exercise than control (Fig. 6) (P < 0.05),
and average HR was higher after LITE (74.3 + 1.7
bpm) and MOD (82.0 + 1.8 bpm) compared with con-
trol (70.7 + 1.5 bpm) (P < 0.001). In addition, the mean
increase in awake HR and average HR were greater
after MOD than LITE (P < 0.001). Over the course of
9 h, the mean increase in HR from baseline was greater
after MOD than LITE and control (P < 0.001). Thus,
average HR was higher after MOD (80.2 + 1.7 bpm)
than LITE (74.8 £ 1.6 bpm) and control (72.1 £ 1.5
bpm) (P < 0.001).
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Fig. 2
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MOD, 60%VO,;max.

Fig. 3
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Average awake diastolic blood pressure change from baseline (= SEM) at hourly intervals for 9 h after control and exercise compared with baseline
values. LITE, 40%VOymax; MOD, 60%VO,max.
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Fig. 6
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Predictors of the BP response

Results from the multivariate regression analyses are
displayed in Table 1 as reduced models with only
significant predictors of the BP response retained. The
strongest correlates with the mean awake BP change
following exercise were baseline BP and orientation
ABP, with 18.6 to 48.8% of the PEH variance ac-
counted for by baseline BP and ABP (Table 1). The
study participants having the highest baseline BP and
lowest ABP experienced the greatest reductions in BP
from baseline values after exercise; however, baseline
BP was the stronger predictor of the two. One excep-
tion to these observations was baseline SBP and age

*P < 0.05, *P < 0.001 exercise vs control ;ﬁ?ENTROL
**P < 0.001 LITE vs MOD aMOD

F3d

-
N

—_
N

F3d

—_
o

Mean heart rate change (bpm)
®

Time (h)

Mean change in awake heart rate from baseline (== SEM) for 5 and 9 h
after control and exercise. LITE, 40%V0O,max; MOD, 60%VO,max.

were the significant predictors of the mean awake SBP
response for 5 h after LITE with the older men having
greater decreases in SBP than the younger men. An
additional variable noted to be a significant correlate
with the mean awake DBP change for 5 and 9 h after
MOD was relative VO,max with the mean decrease in
DBP greatest in the more physically fit men. Baseline
BP was the strongest correlate of the BP response
following control, explaining 34.5 to 39.6% of the PEH
variance.

Discussion

We examined the influence of LITE and MOD
endurance exercise on PEH among 49 middle-aged
men with high-normal to stage 1 HTN. For the first
5h, the magnitude of PEH was greater after MOD;
however, over the course of 9 h, LITE was as effective
as MOD in cliciting PEH. Average awake SBP in-
creased up to an average of about 6.9 mmHg less and
DBP decreased an average of 2.6 mmHg more on the
days the men exercised compared with the days they
did not. Small decrements in SBP and DBP of 2 mmHg
decrease the risk of stroke by 14% and 17% and the
risk of coronary artery disease by 9% and 6%, respec-
tively [27]. Our findings indicate public health benefits
could be realized by people with HTN if they habi-
tually engaged in lower levels of endurance exercise
equivalent to a casual to brisk-paced walk.

The results of the present investigation expand upon
those of our earlier work [15,16]. They establish PEH
occurs in men with high-normal to stage 1 HTN after
LITE and MOD for the remainder of the daytime
hours; and affirm baseline BP predicts PEH such that
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the men with the highest baseline BP experience the
largest postexercise reductions in BP. Two new pre-
liminary observations from this study are that LITE
lowered SBP to the greatest degree in the older men;
and MOD reduced DBP to the lowest levels in the
more physically fit men. Thus, LITE is a sufficient
stimulus to evoke PEH among those with HTN,
particularly in older men, and MOD seems to work
best as antihypertensive therapy in the men who are
more physically fit. These findings indicate clinicians
can tailor exercise prescriptions to optimize the health,
safety and enjoyment needs of their patients with
H'TN while maximizing BP benefit [28,29].

Surprisingly, men with lower orientation ABP elicited
PEH to the greatest degree after exercise. Baseline BP
and orientation ABP were positively correlated in linear
regression analyses, yet when entered into the
multivariate model they differentially impacted the
postexercise BP response. One explanation for these
findings is that the men with the highest baseline BP
and lowest orientation ABP, or those exhibiting white-
coat HTN, responded most favorably to exercise as
antihypertensive therapy. Another possible explanation
is that the first time the subjects wore the ABP was
after the orientation session. Initial use of an ABP
monitor results in higher BP compared to successive
monitoring sessions due to an ABP monitor habituation
effect [25]. Our observations are consistent with these
reports. Study participant mean awake BP was highest
after the orientation session compared with any of the
other ambulatory monitoring sessions. These data in-
dicate wearing of the ABP monitor appeared to initially
serve as a BP perturbation event, possibly explaining
the difference we observed in the relationships among
PEH and baseline BP and orientation ABP. ABP
habituation effects as found in this study indicate the
importance of subjects completing multiple ABP mon-
itoring sessions prior to performing any experimental
interventions in PEH study designs.

Another unexpected finding of this investigation was
exercise intensity differentially modulated PEH de-
pending on the duration of the observation. For the
first 5 h, PEH was greater after MOD exercise; but for
the remainder of the day LITE appeared to be as
effective as MOD in evoking PEH. Reasons for these
observations are unclear, but may reside in the pro-
posed mechanisms for PEH which include exercise-
induced alterations in baroreceptor function, i.e. either
a shift to a lower BP operating point or an increased
responsiveness to changes in BP during the postexer-
cise period [30]. It is plausible that exercise-induced
alterations in baroreceptor function contributed to the
more pronounced BP-lowering effects of MOD initially;
however, over time other PEH mechanisms became
operative that augmented the BP benefits of LITE for
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the remainder of the daytime hours. Another probable
candidate for the greater BP-lowering effects of MOD
than LITE for the first 5 h after exercise is that sympa-
thetic inhibition or functional sympatholysis, defined as
an intensity-dependent blunting of responsiveness to
a- and P-adrenergic receptor stimulation and/or re-
duced noradrenaline release, was more pronounced
after MOD than LITE over this time period [31,32].
As these and other PEH mechanisms become more
clearly understood, they may provide insight into
reasons for the exercise intensity cross-over effects we

observed between LITE and MOD.

Our inclusion criteria were purposely restrictive so as to
limit the strong confounding effects of age, gender,
medication and disease, but they also limit the general-
ization of our findings to the population studied: white,
middle-aged men with high-normal to stage 1 HTN.
Despite our narrowly defined inclusion criteria, the
differential BP responses we found between LITE and
MOD and among men of varying BP, age and levels of
physical fitness indicate the importance of the study
design issues that need to be considered before under-
taking studies examining the influence of exercise on
HTN. These considerations include the need for a
resting control condition, a baseline BP stabilization
period, sufficient numbers of subjects, and accurate
determination of HTN status with multiple BP assess-
ments made prior to experimentation, ideally with ABP
monitoring.

In summary, MOD evoked PEH to greater levels
initially; but over the duration of the awake hours,
LITE was as effective a PEH stimulus as MOD exer-
cise among men with high-normal to stage 1 HTN.
LITE appeared to lower BP to the greatest levels in
the older men and MOD in the more physically fit men
in this study sample, however, further investigation is
needed to confirm these preliminary observations. Low-
er intensity dynamic exercise should be prescribed for
men with elevated BP because it maximizes BP benefit
in a population predisposed to the risks of more
vigorous exercise. The acute BP-lowering effects of
exercise are immediate and do not require prolonged
exercise training. Consequently, important public
health benefits could be achieved if people with HT'N
habitually engaged in lower levels of endurance exer-
cise equivalent to a casual to brisk-paced walk.
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