Motriz, Rio Claro, v.25, Issue 3, 2019, e101948

Original Article (short paper)

Anxiety increases the blood pressure response during exercise
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Abstract — Aim: The hypothesis that higher levels of anxiety promote greater blood pressure (BP) responses during
physical exercise is tested. The hypothesis that metaborreflex response is increased in an anxious individual is tested
as well. Methods: There were 43 volunteers divided by anxiety level: 12 volunteers with mild, moderate and severe
symptoms (anxious-group) and 31 volunteers with a minimum level of anxiety (control-group). Arterial BP, heart
rate, and forearm blood flow were measured simultaneously during handgrip exercise and post-exercise ischemia, and
forearm vascular resistance (FVR) was calculated. Results: Anxious group present higher systolic, diastolic and mean
BP at rest when compared with control group (130+11 vs. 122+12 mmHg, p=0.048; 70+6 vs. 65+8 mmHg, p=0.033;
90£7 vs. 84+9 mmHg, p=0.033, respectively) and higher response of systolic, diastolic and mean BP and FVR during
exercise when compared with control group (20+9 vs. 137 mmHg, p=0.009; 1748 vs. 11+6 mmHg, p=0.006; 18+8
vs. 116 mmHg, p=0.005; and 0£13 vs. -7+9 units, p=0,003, respectively). During post-exercise ischemia, the anxious
group also present higher response of diastolic BP, mean BP and FVR when compared with a control group (11+12 vs.
3+4 mmHg, p=0,001, 10£8 vs. 35 mmHg, p=0,002; 9+11 vs. -2+ 8 units, p=0,03, respectively). Conclusion: Anxious
individuals present higher BP responses during physical exercise when compared with those with minimal anxiety
symptoms. This increased response may be explained, in part, by increased peripheral vascular resistance due to the
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greater metaborreflex response.
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Introduction

Anxiety, a transient and normal emotional state throughout life,
promotes feelings of discontent, discomfort, or worry about an
event with an uncertain outcome!. However, when the anxiety
level is disproportionate to the stimulus and the anxiety symptoms
become chronic, this emotional state may become pathological
and can negatively interfere with daily activities'.

The Diagnostic and Statistical Manual 5? defines generalized
anxiety disorder as characterized by “chronic persistent worry”
for “at least 6 months” along with at least three of the following
six symptoms: restlessness, feeling of being keyed up or ‘on
edge’; fatigue; difficulty concentrating; irritability; muscle
tension; and sleep disturbance’.

However there is a condition called anticipatory anxiety,
that is a psychological and physiological state associated with
the anticipation of threatening stimuli®. Under experimental
conditions, Lipman, Grossman, Bridges, Hamner, Taylor*
suggested an effect of anticipatory anxiety on hemodynamic
variables such as mean blood pressure and heart rate, that
increase early in the preparation phase and throughout the
execution of two mental stress tests (math and speech), as a

way of preparing the body for coping or running away, also
known as “fight or flight™.

Currently, physical activity is shown to be associated with
decreased symptoms of anxiety in some studies™. For example,
study with middle-aged women, those who had participated in
a resistance exercise program presented better mental health as
evidenced by lower levels of depression and anxiety compared
to sedentary counterpartners’. On the other hand, exercise causes
important hemodynamic adaptations to ensure body homeostasis
under dynamic conditions®. During exercise, it is known that
greater the information coming from central (central cortex) and
peripheral (mechanoreceptors and metaboreceptors) areas, greater
will be the stimuli for the cardiovascular control areas located in
the central nervous system. Proportionally to stimuli, as an efferent
response, there is an increase in adrenergic activity, which in
turn increases heart rate, blood pressure, and cardiac output and
decreases blood flow in the visceral region®*!!!, Even though all
of these hemodynamic adjustments occur simultaneously to favor
increased blood flow to the skeletal muscles during exercise, it
has been reported in the literature that exacerbated increases for
these hemodynamic responses are associated with a high risk of
adverse events on the cardiovascular system'>!314,
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Considering the evidence that anxiety symptoms and the
practice of physical exercise promote hemodynamic changes,
to date, the effects of the anxiety level on acute hemodynamic
response to physical exercise in healthy individuals remain
unknown. Thus, the aim of the present study was to test
the hypothesis that the higher the anxiety levels promote
the higher the blood pressure values at rest and the greater
the blood pressure response to exercise. In addition, the
hypothesis that the metaboreflex sensitivity is increased in
anxious individuals was tested.

Methodology
Sample

The sample consisted of 43 volunteers divided into two
groups according to the level of anxiety proposed by Beck,
Epstein, Brown, Steer's. Individuals with mild, moderate, and
severe anxiety levels were allocated to the anxiety group (AG)
(n=12), while those with minimal anxiety were allocated to the
control group (CG) (n=31). The following inclusion criteria
were adopted: age between 18 and 50 years, systolic and
diastolic blood pressure lower than 140 mmHg and 90 mmHg
at rest, respectively, and non-performance of systematized
physical exercise for at least three months. Volunteers
with cardiometabolic diseases, smokers, individuals taking
medications that could affect the cardiovascular and nervous
systems or individuals with any musculoskeletal impairment
that might impair the performance of the exercise protocol
were excluded from the study.

The evaluations were always conducted in the morning.
The volunteers were instructed not to ingest alcohol and/or
caffeine and not to perform strenuous physical activities in
the 24 hours preceding the evaluations.

Ethics Procedure

All study participants were informed about the research
and the procedures to which they would be subjected. In
addition, all participants signed the informed consent form
as stated by the Brazilian Council of Ethics in research with
human subject (CONEP/BR). The present study includes data
from two studies approved by the Research Ethics Committee
(n°. 720.370 and 374/2011) in accordance with the norms of
the 1996 Helsinki Convention and National Health Council
Resolution 466/2012.

Anxiety Level Assessment
The anxiety level was assessed using the Beck Anxiety

Inventory (BAI)". The questionnaire evaluates the level of
anxiety in the last seven days and was applied on the same

day as the experimental protocol, under the supervision of
an experienced psychologist (ETD).

The BAI" is a self-report instrument containing a list of
21 questions addressing common anxiety symptoms answered
on a four-point ascending scale corresponding to the level
of anxiety. The anxiety level was classified according to the
total score into the categories minimal (0-7), mild (8-15),
moderate (16-25), and severe (26-63) anxiety'>.

Anthropometric Assessments

For weight and height measurements, a Lider® scale
(Aracatuba, SP, Brazil) with 0.1-kg precision and a graded
stadiometer with 0.5-cm precision coupled to the scale were
used. At the time of evaluation, the volunteers wore light
clothing and were barefoot. The variables weight and height
were measured according to the criteria described by the
American College of Sports Medicine'. The body mass index
was calculated by dividing the weight by height squared
(kg/m?).

Blood Pressure and Heart Rate

During rest and exercise, blood pressure was automatically
measured minute-by-minute in the right leg using the
oscillometric method via a Dixtal® model 2023 multiparameter
monitor (Manaus, AM, Brazil)'".

The heart rate was continuously recorded throughout
the protocol using 5 skin electrodes placed according to the
standard lead provided by the 5-way cable of the same Dixtal®
model 2023 multiparameter monitor (Manaus, AM, Brazil)'"".

Forearm Blood Flow

Forearm blood flow was evaluated using venous
occlusion plethysmography (Hokanson® Plethysmograph,
Washington, DC, USA). The volunteer was placed in a supine
position, and his non-dominant arm was raised above the
heart level to ensure adequate venous drainage. A mercury-
filled silastic tube connected to the low-pressure transducer
and a plethysmograph was placed around his non-dominant
forearm 5 ¢cm from humeroradial joint'’.

A cuff was placed around his wrist and another around
the top of the volunteer’s arm. The cuff placed around his
wrist (7x20 cm) was inflated to a supra-systolic pressure
(200 mmHg) 1 minute before starting the measurements and
was kept inflated throughout the procedure. At 15-second
intervals, the cuff placed around his arm (12x23 cm) was
inflated to a supravenous pressure (60 mmHg) for a period of
10 seconds and was then deflated quickly and kept deflated
for the same period. This procedure was repeated 4 times per
minute'®. The increased tension in the silastic tube reflected
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the increased forearm volume and, consequently, indirectly,
the increased muscle blood flow in the forearm, evaluated in
ml/min/100 ml. The forearm muscle blood flow waveform
was acquired in real-time via computer using NIVP3 software
(Washington, DC, USA)'.

The local peripheral (forearm) vascular resistance was
calculated by dividing the mean blood pressure by the forearm
blood flow and was reported in units.

Handgrip Exercise Experimental Protocol

The isometric handgrip exercise was performed using a
Jamar® dynamometer (Tupa, SP, Brazil). For this purpose, first,
the maximum isometric handgrip strength was calculated by
taking the mean of 3 maximum voluntary contraction attempts
performed with the dominant limb.

The protocol consisted of 3 minutes of rest, during which
the volunteer remained in a supine position in a quiet and
air-conditioned room. Next, 3 minutes of physical exercise
at 30% of maximum voluntary contraction was performed
to determine the magnitude of the hemodynamic responses
during the activation of the central command and muscle
mechanoreceptors and metaboreceptors. Afterward, for the
isolated evaluation of muscle metaboreflex, a cuff placed
around the arm was inflated to supra-systolic pressure (200
mmHg) to promote circulatory occlusion for 2 minutes.
Therefore, the physical exercise protocol consisted of 3 minutes
of rest, 3 minutes of isometric exercise at 30% of maximal
voluntary contraction, and 2 minutes of circulatory occlusion,
characterizing the post-exercise ischemia'”.

Statistical Analysis

For evaluation of the descriptive characteristics of the sample,
the mean and standard deviation of the mean were used. Shapiro-
Wilk test was used to test the normality of the distribution of
all variables.

The differences related to the characteristics of the control and
anxious groups were tested using Student’s t-test for independent
samples for the variables that presented normal distribution and
the Mann-Whitney for the variables that violated this assumption.
The t-test was preceded by Levene’s test for equality of variances.
The chi-square test was used to test differences in the sex ratio
between the groups. Two-way analysis of variance for repeated
measures followed by Fisher’s post hoc test was used to test
differences between the cardiovascular responses of the groups
during the proposed exercise.

The correlations between the anxiety level and blood pressure
both at rest and during exercise were tested using the Spearman
correlation test.

The statistical significance level adopted was p<0.05. All
statistical analyses were performed using IBM SPSS® 20 for
Windows (Chicago, IL, USA).
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Results

The anxiety scores and physical characteristics of both
groups are described in Table 1. As expected, the anxious
group had a higher anxiety score than the control group.
Individuals in the anxious and control groups had similar
physical characteristics.

Table 1. Anxiety Scores and Physical Characteristics.

Variable Anxious Group Control Group P value
Anxiety score 18£11 3+2 0.001
Sex (M/F) 2/10 9/22 0.405
Age (years) 34+7 3148 0.259
Weight (kg) 67.7+13.6 67.6+14.6 0.850
Height (m) 1.62+0.06 1.66+0.09 0.147
BMI (kg/m?) 25.6+4.6 23.9+3.3 0.316

Values are the means + SDs. BMI, body mass index.

The hemodynamic characteristics at rest of the volunteers
are presented in Table 2. The systolic, diastolic, and resting
mean blood pressures were higher in the anxious group than
in the control group (130£11 vs. 122+12 mmHg, p=0.048;
70£6 vs. 65£8 mmHg, p=0.033; and 90+7 vs. 64+8 mmHg,
p=0.033, respectively), while the heart rate, muscle blood flow,
and resting forearm vascular resistance were similar for the
two groups.

Table 2. Hemodynamic Characteristics at Rest.

Variable Anxious Group Control Group P value
SBP (mmHg) 130+11 122+12 0.048
DBP (mmHg) 70+6 65+8 0.033
MBP (mmHg) 90+7 8449 0.033
HR (bpm) 67+10 64+8 0.380
FBF (ml/min/100 ml) 2.2+0.7 2.3+0.7 0.741
FVR (units) 43.8+13.8 40.4+12.7 0.445

Values are the means = SDs. SBP, systolic blood pressure; DBP,
diastolic blood pressure; MBP, mean blood pressure; HR, heart rate;
MBF, forearm blood flow; FVR, forearm vascular resistance.

The SBP, DBP, MBP, and heart rate patterns during the
exercise protocol are shown in Figure 1 (panel A,B,C and
D respectively). Pressure and heart rate increases were
observed in both groups compared with the resting condition.
However, in the anxious group, the pressure increase was
more exacerbated when compared with the control group. In
contrast, the heart rate increased significantly and similarly
in both groups (Figure 1; panel D).

During exercise, the increased muscle blood flow response
was similar for the two groups (Figure 2; panel A). However,
when we corrected the muscle blood flow according to the mean
blood pressure, we observed a decrease in the forearm vascular
resistance during exercise in the control group and an increase
in this variable in the anxious group. In addition, the forearm
vascular resistance values of the anxious group were significantly
higher compared with the control group (Figure 2; panel B).
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Figure 1. Absolute delta values of the systolic, diastolic, and mean blood pressure (mmHg) and heart rate (bpm) responses during moderate
exercise at 30% of maximal voluntary contraction (panels A, B, C, and D, respectively). Note that there were increases in systolic, diastolic, and
mean blood pressure and heart rate levels in both groups when compared with the resting condition during moderate exercise, but the pressure
elevation levels were higher in the anxious group than in the control group (panels A, B, and C, respectively). The heart rate increased similarly
in both groups. 1p<0.05 vs. baseline; *p<0.05 vs. group.
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Figure 2. Absolute delta values of the forearm blood flow (ml/min/100 ml) and forearm vascular resistance (units) responses during the exercise
protocol at 30% of maximal voluntary contraction (panels A and B, respectively). Note that muscle blood flow increased significantly and
similarly in both groups (panel A); however, forearm vascular resistance decreased in the control group and increased in the anxious group,
becoming greater in the anxious group (panel B). p<0.05 vs. baseline; *p<0.05 vs. group.

In the post-exercise ischemia period for assessment of A, B, C and D respectively). Despite, the diastolic and mean
metaboreflex sensitivity, the systolic, diastolic, and mean blood pressure responses were more pronounced in the anxious
blood pressures and heart rate presented higher values with group than in the control group. The systolic blood pressure and
concerning to the resting period in both groups, demonstrating heart rate responses were similar for the two groups (Figure 3;

the sympathoexcitatory effect of this maneuvers (Figure 3; panel panel A and D respectively).
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Figure 3. Absolute delta values of the systolic, diastolic, and mean blood pressure (mmHg) and heart rate (bpm) responses during the post-
exercise ischemia protocol (panels A, B, C, and D, respectively). Note the higher systolic, diastolic, and mean blood pressure and heart rate levels
in both groups when compared with the resting condition; however, in the anxious group, the diastolic and mean blood pressures presented higher
increases compared with the control group. Ip<0.05 vs. baseline; *p<0.05 vs. group.

Still, during the period of post-exercise ischemia, the muscle
blood flow response was similar for the two groups. However,
the forearm vascular resistance response was different (Figure 4;
panel B) while the control group presented maintenance, the
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anxious group presented increased forearm vascular resistance.
In addition, the increased forearm vascular resistance in the
anxious group made this variable higher in this group than in
the control group (Figure 4; panel B).

B

Post-exercise Ischemia
Time (minutes)

A Forearm Vascular Resistance
(units)

T Amxious Group
= = Control Group

Figure 4. Absolute delta values of the forearm blood flow (ml/min/100 ml) and forearm vascular resistance (units) responses during the post-
exercise ischemia protocol. Note that muscle blood flow increased similarly in both groups (panel A), whereas forearm vascular resistance
increased in both groups when compared with the resting condition, but the anxious group presented more pronounced increases compared with

the control group (panel B). 1p<0.05 vs. baseline; *p<0.05 vs. group.

Positive and significant correlations were observed
between anxiety levels and systolic, diastolic, and mean
blood pressures during the rest (Figure 5; panel A, B and
C, respectively) and exercise (Figure 6; panel A, B and C,
respectively) periods. There were no correlations between
anxiety level and heart rate either at rest (Figure 5; panel D)
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or during exercise (Figure 6; panel D). Additionally, there
were no correlations between anxiety level and muscle blood
flow at rest (r=-0.05 and p=0.76) and during exercise (r=-0.12
and p=0.43) or between anxiety level and forearm vascular
resistance at rest (r=0.13 and p=0.40) or during exercise
(r=0.24 and p=0.13).
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Figure 5. Relationships between anxiety level and systolic, diastolic, and mean blood pressure and heart rate levels (panels A, B, C, and D,
respectively) during the rest period. Note that the anxiety level showed directly proportional correlations to systolic, diastolic, and mean blood
pressure levels. We did not observe a correlation between anxiety level and heart rate.
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Figure 6. Relationships between anxiety level and systolic, diastolic, and mean blood pressure and heart rate levels (panels A, B, C, and D, respectively)
during the handgrip exercise protocol at 30% of maximal voluntary contraction. Note that the anxiety level showed directly proportional correlations
with systolic, diastolic, and mean blood pressure levels. We did not observe a correlation between anxiety level and heart rate.
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Discussion

The main findings of the present study are those anxious
individuals present, in addition to higher resting blood
pressure levels, greater reflex pressor of the exercise (greater
metaborreflex response) when compared with individuals with
minimal anxiety symptoms. Additionally, another important
finding was the positive relationship between anxiety level
and blood pressure both at rest and during exercise.

Studies have shown that anxious individuals present
autonomic changes related to sympathetic hyperactivation'®2°.
Thus, anxiety has been associated with a heightened
sympathoadrenal activity, suggesting a biological pathway
through which anxiety could increase cardiovascular disease
risk®.

According to Scalco, Scalco, Azul, Lotufo Neto?,
hypertensive individuals tend to be hyper-responsive to acute
stressors in terms of both blood pressure and increases in
total peripheral resistance, suggesting that blood pressure is
responsive to the psychosocial environment®. Corroborating
this finding, in the present study, during the handgrip exercise,
the anxious group presented significantly higher increases in
systolic, diastolic and mean blood pressure compared with a
group with minimal anxiety symptoms. In fact, these results,
suggesting that individuals with higher levels of anxiety
present greater risks of exacerbated blood pressure response
to exercise, thus contributing to a higher risk of developing
acute cardiovascular and cerebrovascular events. According to
Palmer et al?!, the risk for stroke increases progressively with
incremental increases in blood pressure above 115/75 mmHg.
Only I mmHg increase in systolic blood pressure increases
stroke mortality by 2%?'. According to this, patients with
anxiety and/or depression represent a particularly vulnerable
cohort, as they are at raised risk for developing hypertension?®.

The mechanisms involved in the exacerbate response of
blood pressure during physical exercise in anxious individuals
are out of the scope of the present study. However, several
mechanisms could be hypothesized. In the face of threatening
situations, several cerebral regions (e.g. hypothalamus,
amygdala, hippocampus, and medial prefrontal cortex)
functions as components of an integrated network involved
regulating autonomic and behavioral responses to stress?>+2>,
Beyond to hypothalamic nuclei, it has been documented that
the amygdala is essential for the induction and integration of
this autonomic response associated with anxiety and fear?*’.

Experimental studies reveal that the stimulation of the
central nucleus of the amygdala induces a blood pressure
response similar to those elicited by activation of cardiovascular
bulbar areas?®?°. We know that the central nucleus of the
amygdala sends projections to various structures that are
involved in the modulation of arterial blood pressure (i.e.
ventrolateral medulla). Curiously, amygdala hyperactivity is a
hallmark in the neurobiology of several anxiety disorders (e.g.
social anxiety disorder’**! and generalized anxiety disorder?!).

Thereby, based on these findings, we can speculate that
these neural projections between the central nucleus of the
amygdala and the ventrolateral medulla may be the mechanism
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involved in the exacerbated blood pressure response during
exercise in anxious individuals, but further studies are needed
to confirm this hypothesis.

Even though exercise has been shown to reduce symptoms
associated with anxiety disorders and has the potential to
lessen the dependability on psychopharmacology?®, it is known
that during isometric exercise, there is a concern that blood
pressure may occasionally increase too much, which may
increase an individual’s risk for an acute cardiovascular or
cerebrovascular event'?. Choi et al** conducted a study with
prehypertensive individuals and observed the hemodynamic
mechanisms behind the exaggerated pressor response during
handgrip exercise, observing that the increases in mean blood
pressure and total peripheral resistance relative to the resting
condition were more pronounced in the prehypertensive
group than in the normotensive population, suggesting that
metaborreflex sensitivity contributes primarily to the increase
of these variables in this group®. Nevertheless, they presented
exacerbated hemodynamic adaptations at rest and during
exercise compared to the control group.

During isometric exercise occur a large increase in mean
arterial pressure, but only a small increase in cardiac output
and this response is probably because systemic metabolic
vasodilation is not expressed in isometric exercise, and
this mechanism involves, in part, the autonomic nervous
system?*. In the present study, in addition to the anxious
group presenting higher levels of resting mean blood pressure
and in response to exercise, during post-exercise ischemia,
which portrays the metaborreflex response to exercise, the
group with higher levels of anxiety had significantly higher
levels of mean blood pressure and greater forearm vascular
resistance compared to the group with minimal anxiety
symptoms. Which shows that anxious individuals probably
present an exaggerated blood pressure response to exercise
explained in part by the higher metaborreflex response to
this condition. Similar results were observed by Delaney*
in a similar study, in which it was observed that hypertensive
individuals present an exacerbated metaborreflex response,
explained by the exaggerated increase mean blood pressure
during handgrip exercise®.

Although we could not control the health conditions of
all volunteers during the day (for example, substance use,
daily salt intake), since the anxious group had higher levels
of anxiety at the time of the exercise test, this would be
considered as an additional reason for increased blood pressure
response during exercise and may expose these individuals to
a risk that could be detected by observing anxious behaviour
during training or with the help of a mental health professional
(e.g., psychologist) to obtain an accurate assessment and,
if necessary, develop a management strategy for stress and
anxiety during exercise. Thus, anxious individuals require
greater care regarding the prescription of the exercise to be
performed and in the monitoring of the exercise intensity.

The non-assessment of the subjective perception of effort
after exercise may be a possible limitation of the present study.
Even when performing exercises at similar intensity levels
between groups (30% of maximal voluntary contraction),
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we don’t know whether anxious individuals respond with a
higher subjective perception of effort. Thus, future studies
should evaluate the subjective perception of effort in anxious
individuals and should also attempt to explain the mechanism
between elevated anxiety levels and increased metaborreflex
sensitivity. Therefore, we conclude that anxious individuals
present higher blood pressure levels at rest and higher blood
pressure responses during exercise compared with those
with minimal anxiety symptoms. This pronounced increase
in the blood pressure response to the exercise presented by
the anxious group is compatible with an exaggerated activity
of the exercise pressor reflex, mediated in this study, by the
greater metaborreflex response in this group. Furthermore,
we found a positive correlation between levels of anxiety
and systolic, diastolic and mean blood pressure, both at rest
and in exercise.
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