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Heart Rate Variability at rest and after the 6-minute
walk test (6MWT) in children with cystic fibrosis

Réncio Floréncio?, Guilherme Fregonezi', Silvia Brilhante!,
Audrey Borghi-Silva?, Fernando Dias?, Vanessa Resqueti!

ABSTRACT | Background: Cystic fibrosis (CF) is a multisystem disease that affects the cardiorespiratory system and
the cardiac autonomic control may be altered at rest and after a submaximal exercise. Objective: To assess the cardiac
autonomic control by heart rate variability (HRV) analysis before and after a 6-minute walk test (6MWT). Method: Thirteen
children diagnosed with Cystic Fibrosis (CFG) aged 12+2.7 years (FEV /FVC: 0.83£0.11, FEV : 71.4£21 %pred) and
12 healthy children (control group-CG) aged 11.4+2.4 years (FEV /FVC: 0.91£0.12, FEV : 91.6x17.4 %pred) were
included in the study. HRV was evaluated prior to and immediately after the 6 MWT and the heart rate recovery assessed
on the first and second minute after test. Results: Prior to exercise, CF patients presented higher values for the variables
LF  (53.2£15.0 vs. 32.8+7.9, p=0.0003) and LF/HF (1.25£0.72 vs. 0.49£0.18, p<0.006) as well as lower values of HF,
(25.4%18.4 vs. 53£9.6, p=0.002) and HF (47.3+14.7 vs. 68.3£8.7, p0.001) when compared to CG. After the 6GMWT, both
groups demonstrated HRV recovery to baseline levels; however, the differences between CFG and CG were maintained
for the variables LF  * (846.7£754.8 vs. 345.6x197.2, p=0.02); LF,, (35.4+8.1 vs. 25.9+6.2, p=0.002), LF, (60.0+16.3
vs. 34.9+8.7, p<0. 0001) HF, (27.4£13.7 vs. 48.1£6.3, p=0.0003); HF , (40.4x15.8 vs. 65.6+8.2, p=0. 0003) and LF/
HF (1.9+1.7 vs. 0.5+0.2, p=0. 0001) Conclusions: Children with cystic ﬁbr051s exhibited predominance of sympathetic
activity at rest that persisted after the 6-minute walking test when compared to the control group.
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Introduction

Cystic fibrosis (CF) is a hereditary disease
transmitted as an autosomal recessive trait characterized

oscillations. Changes in heart rate variability (HRV)
patterns are a sensitive and early indicator of damage

by generalized dysfunction of the exocrine glands. It
is a chronic disease that compromises the function of
almost all organs and systems'. Lung alterations are
among the main clinical manifestations and result in
obstruction of small airways and trigger a chronic
inflammatory process. In association to respiratory
dysfunction, cardiac damage may also be present
and manifested by signs and symptoms of right
ventricular dysfunction. Although the initial and
primary symptom reported by CF patients is dyspnea,
other factors such as tachycardia due to 3-2 agonist use
and hypoxemia may contribute to cardiac autonomic
dysfunction.

The interaction between cardiac and pulmonary
dysfunction in CF patients, may influence the
autonomic nervous system controlling the heart and
consequently, the spectral analysis of R-R interval

to the cardiac system?. In adult CF sufferers, a
significant relationship between lung disease severity
(FEV ,, e ) and elevated HF power (ms?) or lower LF/
HF ratio was reported®. This observation suggests
that the progression of the disease is associated to
decreased sympathetic predominance of autonomic
heart control.

In CF patients, the exercise intolerance has been
associated to higher mortality*. Cardiovascular
dysfunction was described in CF patients and
autonomic neuropathy has also being suggested’;
however, there is paucity of data regarding cardiac
autonomic control and heart rate (HR) recovery after
a submaximal exercise in this population as well as
in healthy children. The 6-minute walk test (6MWT)
is a submaximal and safe test used in patients with
CF. The HR peak reached during the test was recently
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report to be a simple alternative parameter to guide
exercise prescription in this population®. Furthermore,
the rate of HR recovery to baseline values after
exercise, probable representing the kinetics of vagal
tone recovery, has been associated with fitness and
good health’. In the present study, we hypothesized
that alterations in cardiac autonomic modulation in
CF children would interfere in submaximal exercise
performance and HR recovery. Given the importance
of introducing an aerobic and respiratory physical
therapy program to CF patients a better understanding
of parameters such as HRV and HR recovery during
exercise is valuable to improve the prescription and
monitoring of rehabilitation programs based on
physical exercise.

Therefore, the main objective of the present study
was to assess HRV at rest and the HR recovery, as
well as the HRV recovery, following the 6MWT in
children with CF and age matched healthy controls.

Method

This is an observational cross-sectional study.
Participants were submitted to a previously scheduled
outpatient evaluation performed by a single trained
examiner. The study was approved by the Research
Ethics Committee of the University Hospital Onofre
Lopes, Natal, Rio Grande do Norte, Brazil, under
the protocol number 497/10. All subjects and their
guardians were informed of the study aims and gave
written consent, in accordance with of the Brazilian
National Health Council resolution 196/96.

Sample

Subjects were divided into two groups: the cystic
fibrosis group (CFG) and control group (CG). The
sample consisted of patients diagnosed with CF,
treated by the Multidisciplinary Cystic Fibrosis
Group from the Pediatric Outpatient Clinic of the
University Hospital. The multidisciplinary team
was composed of a pediatrician, pulmonologist,
gastroenterologist, psychologist, dietician, nurse
and physical therapist. The CG was composed of
healthy children matched by age, with no previous
cardiopulmonary disease. Subjects were from both
sexes, older than 8 years and capable of performing
a pulmonary function examination, a respiratory
muscle strength test, a 6BMWT and the HRV testing.
All patients were in stable medical condition, without
exacerbation of the disease® in the previous 3 week
and receiving regular treatment consisting of inhaled
bronchodilators. Four patients were prescribed beta-
blockers (salbutamol) and antibiotics (ciprofloxacin,
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gentamicin) which were discontinued 24 hours
prior to the tests. Patients unable to perform the
submaximal test, as well as those who request to be
withdrawn or were absent during the scheduled tests
were excluded from the study.

Study design

Following selection, participants and their
guardians were informed as to the nature of the
research and completed an identification form.
Individuals who satisfied all the inclusion criteria
were asked to give their informed consent. Evaluations
took place on two separated days, with a maximum
of one week apart. On the first day, subjects were
submitted to anthropometric assessment as well as
pulmonary function and respiratory muscle strength
tests. The second day of evaluation was divided into
three periods: HRV assessment at rest in the supine
position, during 20 minutes (period A); 6MWT
(period B) and HRV analysis following the 6MWT
in the supine position during 20 minutes (period C).

Anthropometric measurements

Anthropometric assessment consisted of
measuring body weight, height and body mass
index (BMI). Percentile values of BMI were used
for anthropometric characterization of the sample
applying cutoff values recommended by the World
Health Organization (WHO)’. Participants were
measured and weighed in anatomical position on a
150 Kg-capacity mechanical scale, with accuracy
of 100 g (Welmy®, Santa Bérbara do Oeste, Paran4,
Brazil) coupled to a stadiometer. Weight and height
were measured with patients standing upright,
barefoot and wearing lightweight clothing.

Assessment of pulmonary function

Technical criteria for acceptability and
reproducibility of the tests were in accordance with
spirometry guidelines from the Brazilian Society
of Pulmonology and Tuberculosis (SBPT)™. All
participants received prior instructions from the
examiner on how to correctly execute the maneuvers.
Subjects were asked to perform a maximal inspiration
close to total lung capacity (TLC) followed by a
rapid and sustained expiration until instructed to
stop by the examiner. The following variables were
assessed during spirometry: FVC, FEV , FEF,_
and FEV /FVC. The evaluation was considered
complete when two out of three acceptable curves
were reproducible. Results obtained in absolute and
relative values as well as the highest spirometric



values, within reproducible curves, were considered
for analysis. Findings were compared to reference
values validated for Brazilian children!!. Spirometry
was performed using a DATOSPIR spirometer
(Sibelmed, Barcelona, Spain).

Respiratory muscle strength

Inspiratory and expiratory muscle strength was
evaluated using sustained plateau pressure during
a maximal inspiration and expiration; respectively.
Pressure was measured using the MicroRPM digital
manometer (MICRO medical, Rochester, Kent,
United Kingdom). Participants received instructions
prior to the test and the maneuvers were demonstrated
by the examiner. Technical criteria of acceptability
and reproducibility for maximal respiratory pressure
test followed SBPT guidelines'?. Individuals were
first requested to perform a maneuver for learning
purposes and evaluation was deemed complete
when two out of three acceptable measurements
were reproducible. The greatest value obtained in
the reproducible measurements was considered for
analysis.

Six-minute walk test (6MWT) and HR
recovery

The walking test was conducted according to
previously described protocol™!* and results were
recorded on a standardized chart. Participants were
asked to walk back and forth along a flat, 30-meter
long corridor as far and as fast as possible during the
6-minute period. The examiner monitored HR and
oxygen saturation during all test using a Polar S810i
HR monitor (Polar Electro Inc., New York, USA) and
a Palmsat portable pulse oximeter (Nonin Medical,
Minnesota, USA); respectively. A standardized
phrase of encouragement was given every minute.
On completion, total distance walked was calculated
and results were compared to reference values for
Brazilian children aged 6 to 12" years or older
than 13 years'. Subjective symptoms of perceived
dyspnea and exhaustion were measured before and
immediately after the test using a modified Borg scale
with values ranging from 1 to 10 7. HR and oxygen
saturation were assessed at rest and in the first and
second minute following testing.

HR recovery was calculated based on the
difference between the maximum HR reached during
the GMWT and the HR at the first and second minute
after the test’.

HRV at rest and after the 6MWT in children with Cystic Fibrosis

Heart Rate Variability (HRV)

Participants were evaluated in the morning to
avoid circadian influence on the results. Temperature
in the laboratory was maintained between 22 °C and
24 °C. All participants were informed of the protocol,
instructed to abstain from ingesting stimulants in
the 24 hours prior to the test and have a light meal
at least 2 hours before assessment. On the day of
the test, subjects were questioned and examined to
ascertain their general well-being and a good night
of sleep (7-8 hours). After a 20-minute rest, systemic
blood pressure (Missouri-Mikato, SP, Brazil) and
radial pulse (Nonin Medical, MN, USA) were
measured to determine whether baseline conditions
were suitable for the test. To obtain RR intervals,
subjects were monitored in the supine position for
20 minutes, before and after the 6BMWT, using a Polar
S810i® HR monitor (Polar Electro Inc., New York,
USA). Cardiac electrical signal were monitored by
two electrodes connected to the Polar device and
positioned on the skin surface one at the area of the
xiphoid process and another on the anterior axillary
line, at nipple height. Data obtained by the monitor
were transferred to a computer via an infrared
interface device. This system detects ventricular
depolarization, corresponding to the R wave of the
electrocardiogram (ECG), with a sampling rate of
500 Hz and temporal resolution of 1 millisecond'®
and was previously validated by Vanderlei et al.2.
HR signals were processed to calculate HRV
values using the Kubios HRV program (version 2.0
MATLAB, MathWorks Inc., Kuopio, Finland), based
on RR intervals obtained by the device. HRV was
analyzed in the frequency domain, using the area
of greatest stability in RR intervals, provided these
exhibited at least 256 consecutive beats. Frequency
domains were analyzed by Fast Fourier Transform
applied in a single window, after subtracting the
linear tendency using automatic filters in previously
selected RR intervals. The domains were studied
using low (LF: 0.04 to 0.15 Hz) and high (HF: 0.15
to 0.4 Hz) frequency ranges in spectral density
(ms?), power (%) and normalized units (nu). LF/HF
ratio was also calculated. During data collection,
volunteers were instructed to remain at rest in the
supine position, without moving and/or crossing any
limbs or speaking to those present.

Statistical analysis

Data are presented as means and standard
deviation. The Shapiro-Wilk test was applied to
establish data normality, followed by the Student’s
t-test to compare anthropometric, spirometric and
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HRYV variables intragroup and intergroup. Pearson’s
correlation coefficient was used to determine
the correlation between variables. A p value
<0.05 was the criterion for statistical significance.
The GraphPad Prism®5.0 program for Windows
(GraphPad Software, San Diego California USA)
was used for all analyses.

Results

The final sample consisted of 13 children (6 boys)
suffering from CF with a mean age of 12+2.7 years
and 12 healthy subjects (6 boys) with a mean age of
11.4+2 .4 years. One child (CFG) was excluded due to
voluntary withdrawal request during data collection.
Table 1 demonstrates that anthropometric variables
for weight, height and BMI were not significantly
different between groups. According to cutoff values
for BMI percentiles suggested by the World Health
Organization (WHO)?, only two children in the CFG
had low (15.4%) BMI for their age and the other 11
(84.6%) exhibited BMI within the normal range. In
the CG, only one subject (8.3%) was classified with
low BMLI, nine subjects (75%) presented normal BMI
for their age and two subjects (16.7%) were deemed
overweight.

As expected, significant differences were recorded
between spirometric variables of the CFG in relation
to controls for FEV, (p=0.03), FEV (%) (p=0.03),
FEF (p=0.004), FEF,, . (p=0,03) and FEV /

25-75% 25-75

FVC% (p=0.03), as summarized in Table 1. The
CFG showed mean FEV (%) lower than 80%,
characterizing an obstructive pattern. With regard to
respiratory muscle strength, no significant intergroup
differences were found.

Surprisingly, no significant inter-group differences
were recorded in distance walked in the 6MWT
(CFG: 579.5£58 vs. CG: 600+30 meters, p=0.36).
However, CFG demonstrated a sluggish HR recovery
in the first and second minutes after exercise when
compared to controls (Table 2).

Data from HRV analysis both at the baseline
and during the recovery from the 6MWT are
summarized on Figures 1 and 2. Before the 6 MWT,
LFnu (p=0.0003), HF% (»p=0.002), HFnu (p=0.002)
and LF/HF ratio (p=0.006) were different between
CFG and CG. Even though both groups showed a
recovery in HRV parameters comparable to pre-
exercise values, the differences between CFG and
controls persisted for LF (ms?) (p=0.027), LF%
(p=0.002), LFnu (p<0.0001), HF% (p=0.0003),
HFnu (p=0.0003) and the LF/HF ratio (p=0.0001).
No correlations were found between the variables
studied.

Discussion

The present study assessed the HRV at rest and
during the recovery time following the 6MWT in
patients children with CF and age-matched healthy

Table 1. Anthropometric characteristics and pulmonary function test of the study population.

Variables Cystic Fibrosis Group (n=13)
Sex (M:F) 6:7
Age (years) 12+2.7
Height (cm) 142.4+10.9
Weight (Kg) 34.6+8.5
FVC (L) 1.91+0.6
FVC (%pred) 80.8+22.3
FEV (L) 1.6+0.5
FEV, (%pred) 71.4221
FEE,__.(L/s) 1.8+0.7
FEF, ., (%pred) 69.6x19.7
FEV /FVC 0.83+0.1
PImédx (cmH,0) 87.6+23.4
PEméx (cmH,0) 96+27.3

Control Group (n=12) p value
6:6 —
11.2+2.4 0.42
147.5+14.7 0.31
38.4+9 0.34
2.50+0.9 0.07
93.6+18.8 0.13
2.3+0.7 0.009%*
91.5+17.3 0.01*
2.86+0.9 0.004%**
90.5+19.4 0.002%*
0.93+0.1 0.03*
87.6+£20.4 0.99
111.1+£16.9 0.11

Values represent mean + standard deviation. M: male; F: female; BMI: body mass index. FVC: forced vital capacity; FEV: forced expiratory
volume in the first second; FEF : mean forced expiratory flow between 25 and 75%; PImax: maximal inspiratory pressure; PEmax: maximal

25-75%"

expiratory pressure. *p<0.05 and **p<0.01 (unpaired t-test).
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Table 2. Variables values obtained from the six-minute walk test (6MWT).

Variables Cystic Fibrosis Group (n=13)  Control Group (n=12) p value
HRrest (bpm) 94.8+19 94+7.7 0.89
HRmax(bpm) 138.2+13.1 143.5+11.7 0.30
A HRmax-rest 43.3x14 49.4£12.8 0.27
HRrecov 1min 114.3£16 109.6£15.1 0.45
HRrecov 2min 104.8+17 99.6+14.3 0.41

HRmax (%) 66.9+5.6 69+6 0.42

AHRmax- 23.8+11.2 33.9+74 0.01%
A HRmax- 33.3x14.2 44+9.9 0.04%
SPO, fore erviwr 97.1£2.5 98.5+0.6 0.08
SPO, s vt 96.5+3.0 98.1+0.8 0.10
Distance (m) 579.5£57.7 600+30 0.28

Values represent mean + standard deviation. HRmax: maximum heart rate; DHR max-rest: difference between the maximum heart rate and
resting heart rate; HRrecov: recovery heart rate; DHRmax-recov: difference between the maximum heart rate and minute recovery rate; SpO,:
peripheral oxygen saturation. *p<0.05 (unpaired t-test).
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Figure 1. Comparison of HRV before and after the six-minute walk test in children with Cystic Fibrosis and the Control Group. Values
represent mean + standard deviation. LF: Low Frequency; HF: High Frequency. Paired t-test used for intragroup comparison and unpaired
t-test used for intergroup comparison.
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Figure 2. Comparison of low and high frequency ratio (LF/
HF) before and after six-minute walk test in both groups. Values
represent mean + standard deviation. LF: Low Frequency;
HF: High Frequency. Unpaired t-test was used for intergroup
comparison.

controls. Analyzing the cardiac autonomic control,
the CFG exhibited sympathovagal balance variations
during the 6MWT similar to healthy controls;
however, both at rest and during the recovery time,
the CFG demonstrated increased sympathetic
and decreased parasympathetic activity. To our
knowledge, HRV after submaximal exercise in
children with CF has not been previously studied.

Our data demonstrate a higher sympathetic
activity at baseline in the CFG compared to controls
represented by higher values for LFnu and a higher
LF/HF ratio. Both groups demonstrate similar
HRV recovery after the 6MWT during the period
of time the R-R signal was collected; however,
the sympathetic predominance was still present in
CFG during the recovery time. It is possible that
along the years, this sustained higher sympathetic
stimulation may have a role in the pathophysiology
of cardiovascular disease in this population. This
observation deserves further investigation.

Szollosi et al.? investigated 17 young adults
(28.8+9.1 years) with CF and compared them with 17
healthy subjects. HRV was evaluated with volunteers
in the supine position breathing spontaneously
for 15 minutes followed by assessment during
controlled breathing at 15 breaths per minute. The
authors observed that during normal breathing, CF
sufferers showed a tendency to lower LF values
when compared to healthy controls [LF(In ms?):
2.6+0.5 vs. 2.8+0.4, p=0.07]. No differences were
observed using controlled breathing. In contrast to
the findings of Szollosi et al.?, in the present study,
children with CF demonstrated significantly higher
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LF values at rest compared to healthy individuals.
This higher sympathetic drive can also be identified
by the higher LF/HF ratio in CFG at baseline. The
plausible explanation of these results may be due
to alterations of respiratory pattern', higher levels
of catecholamine® or higher work of breathing?!;
however, these mechanisms remain speculative
at this time. Szollosi et al.? also found a negative
correlation between FEV % and HF (ms?) during
spontaneous (r: —0.54) and controlled (r: —0.57)
breathing and a positive correlation between FEV %
and LF/HF ratio (r: 0.69) demonstrating a higher
parasympathetic activation in patients presenting
more obstruction to airflow. In the present study, we
did not find correlations between HRV parameters
and FEV %; however, the mean FEV, % was slightly
higher in our population compared to Szollosi et al.>.
In fact, as discussed before there is a predominance
of sympathetic stimulation in children with CF.
Furthermore, in 50% of CF patients the variation
of LF/HF ratio did not return to baseline values. It
is possible to speculate that the progression of the
obstructive disease associated to a desensitization of
the B-adrenergic receptors in CF patients consequent
to chronic use of B-adrenergic agonist may explain
the reversal of a sympathetic predominance to a
lower HRV and parasympathetic predominance in
the adult with CF.

HR recovery after exercise is mediated by vagal
reactivation and decrease in sympathetic stimulation®.
The rate of HR recovery appears to be a reflection of a
faster recovery from the sympathetic drive necessary
during exercise. Increased vagal activity associated
with a faster HR recovery has been shown to be
associated with a decrease in risk of death®. In the
present study, the rate of HR recovery was slower in
CFG. This can be an indication of slower recovery of
the sympathovagal balance. It is important to point
out that even though HRV returned close to baseline
values in CFG this measurement reflects the average
data of a period of approximately 5 minutes, therefore
itdoes not reflect minute by minute changes in HRV.
Measurements of HR recovery minute by minute
give us an estimate of time-dependent HRV recovery.
These results potentially have a high level of clinical
relevance given that disorders of cardiac autonomic
control have been associated with the development
of arrhythmias* and sudden death® in the chronic
obstructive disease population. Longitudinal
data assessing the impact of cardiac autonomic
dysfunction in cystic fibrosis group (CFG) is not
available at the moment. HRV recovery assessment
after exercise may prove valuable in assessing risk



during different therapeutic interventions? such as
physical exercise?’.

HRYV has also been evaluated in other patients
presenting pulmonary obstructive disease.
Volterrani et al.”8, investigated HRV in 31 male
COPD patients under 3 different conditions:
normal breathing in the supine position, controlled
breathing in the supine position and passive
orthostasis (standing upright). The authors?® found
that parasympathetic activity on HR in patients
with COPD was 57% higher when compared to the
CG, at rest and supine position [HFnu: 44+27 vs.
28+18, p<0.05]. In contrast, Borghi-Silva et al.”’
demonstrated that severe COPD was associated with
higher sympathetic and reduced parasympathetic
activity at rest and during exercise. In addition, these
authors showed that an aerobic training program
favorably impacted the disarrangement in autonomic
modulation of HR. In this context, future research in
this area is needed to address the impact of a physical
training program on autonomic nervous control of
HR in CF patients. Findings from the present study
cannot be directly compared to results presented by
Volterrani et al.?® and Borghi-Silva et al.”’, due to
differences in methodology and population studied.
It is important to underscore that the present study
recorded a decline in vagal activity in the pre-exercise
period in CF patients when compared to healthy
subjects. Physiologically, respiratory control is
modulated via afferent supply by the vagus nerve,
which in turn modulates sinoatrial node activity.
Reflex interactions between respiration and HR are
also known. In situations where breathing pattern
and lung volumes are altered (e.g. changing lung
mechanoreceptor discharge) such as lung diseases
involving obstructed airflow, it can be expected that
HR control may eventually be affected.

Due to the noninvasive nature of our study,
several methodological aspects could be questioned.
Although it was not possible to directly measure
respiratory pattern, we believe that this variable
could have an important role in the cardiac autonomic
control alterations that we observed. Secondly,
we measured the cardiac autonomic nervous
system control of HR by HRV, a noninvasive
measurement. We believed that catecholamine levels
or quantification of inflammatory markers could help
explain our results. However, due to the population
studied (children) invasive methods were not chosen.
Nonetheless, HRV has been widely used and is an
important tool to study cardiac autonomic control and
also has been validated by previous studies including
methods such as pharmacologic blockage of receptor

HRV at rest and after the 6MWT in children with Cystic Fibrosis

involved in autonomic control®”. Finally, a larger

number of participants would be ideal; however, the
strict inclusion criteria and the fact that CF is not a
common lung disease made recruitment of volunteers
difficult.

Conclusion

The results from the present study demonstrate
that children with CF exhibit increased sympathetic
heart modulation before and after a submaximal
exercise test when compared with healthy children.
In addition, sluggish HR recovery was observed in
children with CF.
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