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Background: Autonomic nervous system balance is altered in cystic ¯brosis (CF), although its in°uence on
physical ¯tness has been poorly explored.
Objective: This study aimed to evaluate the association of heart rate variability (HRV) with exercise
capacity and levels of daily physical activity in children and adolescents with mild-to-moderate CF.
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Methods: A cross-sectional study including individuals with CF aged 6–18 years, not under CFTR
modulator therapy, was performed. Sociodemographic (age, sex) and clinical information (airway
colonization, pancreatic insu±ciency, and genotyping) were collected. In addition, exercise capacity
(modi¯ed shuttle test — MST), lung function (spirometry), body composition (bioimpedance), levels of
daily physical activity (5-day accelerometer), and HRV (both at rest and during the MST) were evaluated.
Results: 30 individuals (20 females) aged 11:2� 3:7 years, mean FEV162:8� 27:6%, were included. A sym-
pathovagal balance (LF/HF) increase (p < 0:001) during the MST was shown, indicating a predominance of
sympathetic modulation. The standard deviation of all RR intervals (SDNN) and the high frequency (HF)
index during exercise correlated signi¯cantly with FEV1 (r ¼ 0:45, p ¼ 0:01 and r ¼ 0:46, p ¼ 0:01; respec-
tively). MST distance also correlated positively and signi¯cantly with SDNN (r ¼ 0:43, p ¼ 0:01), square root
of the mean of the sums of squares of frequencies between RR intervals greater than 50ms— RMSSD (r ¼ 0:53,
p < 0:01), low frequency — LF (r ¼ 0:48, p < 0:01), HF (r ¼ 0:64, p < 0:01), dispersion of points perpendic-
ular to the short-term identity line — SD1 (r ¼ 0:40, p ¼ 0:02) and negatively with LF/HF (r ¼ �0:57,
p < 0:01). Regarding daily physical activity, SDNN at rest (r ¼ 0:37, p ¼ 0:04) and exercise (r ¼ 0:41,
p ¼ 0:02) showed positive correlations with time in moderate-to-vigorous activities. When normalizing the
SDNN and classifying individuals as normal or altered, those presenting altered SDNN showed poorest FEV1

(p ¼ 0:001) and lower exercise capacity (p ¼ 0:027).
Conclusion: HRV correlates with lung function, exercise capacity and levels of daily physical activity in
children and adolescents with CF. The study highlights the in°uence of CF on autonomic function and suggests
HRVmeasurement as an easy tool to be used in clinical settings as an alternative marker to monitor CF individuals.

Keywords: Cystic ¯brosis; heart rate variability; exercise capacity; modi¯ed shuttle test; pediatrics.

Introduction
Cystic ¯brosis (CF) is a genetic, autosomal reces-
sive disease, which primarily a®ects epithelia of
several organs, with signi¯cant morbidity and
mortality. These changes result from a gene mu-
tation that encodes the CF transmembrane con-
ductance regulator (CFTR) protein, located on the
long arm of chromosome 7.1 Although the lungs are
usually the most compromised organ, it also a®ects
the liver, pancreas and intestine.2

In individuals with CF, peripheral muscle
strength and exercise capacity3 may be a®ected
compared to healthy individuals in an e®ect of
multifactorial origin,4 including limitations of pul-
monary function and muscle deconditioning, which
contributes to shortness of breath. Patients with
CF do not express the CFTR protein in the mus-
cles, which results in metabolic and contractile
impairment,5 compromising peripheral muscle
strength and leading to plain myopathy.6 In addi-
tion, individuals with CF may have impaired car-
diac and vascular function.7 Evidence is growing to
support the existence of CFTR dysfunction di-
rectly a®ecting cardiac function, leading to myo-
cardial impairment, including diminished right and
left ventricular function.8 Nevertheless, a greater
exercise capacity is associated with a better quality

of life, reduced risk of hospitalization due to re-
spiratory infections and survival rate.9 Further-
more, in addition to aerobic ¯tness, daily physical
activity levels are also considered as an important
health-related measure, as people with CF spend
less time performing moderate to vigorous inten-
sity activities than their healthy peers10 and daily
physical activity levels are independently related to
aerobic capacity.11

There is a growing interest in the involvement of
the autonomic nervous system (ANS) and its role
on clinical manifestations in CF, as these have been
demonstrated for several chronic diseases and
syndromes.12–15 Therefore, studies have used the
heart rate variability (HRV) as a method of eval-
uating the ANS, as it is a non-invasive form of
assessment and considered as a cardiac mortality
risk indicator.13 However, the study of HRV in
both children and adults with CF has been poorly
explored to date. The limited evidence available
has shown increased dysautonomia, although these
abnormalities are still contradictory, with results
that point to both an increase14 and a reduction15

in the sympathetic tone. In individuals with
chronic diseases, the increase in sympathetic tone
is associated with worse clinical status and mor-
tality, including less tolerance to exercise.16,17

When submitted to cardiorespiratory tests, these
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patients demonstrate altered HRV behavior with
increasing loads.17 Although autonomic dysfunc-
tion has been suggested to be associated with the
pathologic response to exercise and changes in
HRV with increasing exercise e®ort have been
previously documented,16 there is no data on au-
tonomic modulation to physical stress from exer-
cise in children with CF. In addition, the
association of HRV with exercise capacity and
daily physical activity levels of children and ado-
lescents with CF has also not been explored yet.

Therefore, considering that the ANS is directly
in°uenced by the physical conditioning levels in
both healthy individuals and in chronic diseases,
we hypothesized that HRV would be associated to
exercise capacity and/or daily physical activity
levels in patients with CF. Thus, the present study
aimed to assess the association of HRV with exer-
cise capacity and the levels of daily physical ac-
tivity in children and adolescents with mild-to-
moderate CF.

Methods

This is a cross-sectional study in individuals with
CF aged between 6 and 18 years, who were being
followed in a specialized CF center and were not
under CFTR modulator therapy. The study in-
cluded children and adolescents with a diagnosis of
CF con¯rmed by genetic test, in stable clinical
conditions (no signs of pulmonary exacerbation in
the previous 3 months), without heart disease, and
who were able to fully comprehend all evaluations
performed. Individuals who failed to complete all
tests were excluded. The present study followed
the Ethics Criteria in Research with Human Beings
and was approved by the University Research
Ethics Committee (No. 2,459,354). Parents and/or
legal guardians signed and informed consent form
and patients signed an assent form before inclusion.

The experimental protocol was carried out over
a period of seven consecutive days, following a
routine consultation at the CF center. During the
consultation, a spirometry test was performed to
assess lung function and bioimpedance to assess
body composition. To assess the sociodemographic
and clinical pro¯le, data including age, sex, type of
mutation, type of airway colonization, pancreatic
insu±ciency, in addition to the Shwachman–
Kulczycki score, were collected. Then, participants
were referred to perform the HRV assessment
using a cardiofrequency meter. The evaluation was

performed during 25min at rest and during the
Modi¯ed Shuttle Test (MST), which evaluates the
exercise capacity. Levels of daily physical activity
were assessed by accelerometry for ¯ve consecutive
days, using a triaxial accelerometer.

Lung function

The pulmonary function assessment was performed
using a KoKo spirometer (nSpire Health, USA).
The individuals were instructed to perform an ex-
halation, followed by a slow and deep inhalation,
and then verbally encouraged to perform a maxi-
mum and forced exhalation. At least three man-
euvers were conducted and accepted when the
curves and their respective values were reproduc-
ible, with di®erences of less than 5% or 150mL
between them, according to the criteria of the
American Thoracic Society.18 The variables stud-
ied were forced vital capacity (FVC), forced expi-
ratory volume in the ¯rst second (FEV1), forced
expiratory °ow between 25% and 75% of forced
vital capacity (FEF25�75%) and the FEV1/FVC
ratio. In order to obtain predicted values, an in-
ternational equation was used.19

Nutritional status

The assessment of nutritional status and body
composition was performed using bioimpedance
(Inbody 720, InBody Co., Los Angeles, USA). Data
were obtained on weight, skeletal muscle mass, fat
mass and body mass index (BMI). The BMI z-score
was calculated and values � 2 were de¯ned as
indicative of malnutrition.20

Heart rate variability

HRV was measured for 25min at rest and during
the MST using the Polar RS800CX cardio-
frequency meter (Polar Electro Oy Inc., Finland).
For data analysis, the ¯rst 5min were eliminated
for the purpose of stabilizing the parameters and
an automated low ¯lter was used in the Kubios
HRV Standard version 3.1.0 software (HRV anal-
ysis, University of Eastern Finland), with adjust-
ment of up to 5%, and ectopic beats eliminated in
manual ¯ltration. Data were analyzed for time
domain (SDNN: standard deviation of all RR
intervals, expressed in ms; RMSSD: square root of
the mean of the sums of squares of frequencies
between RR intervals greater than 50ms, expressed
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in ms; pNN50: percentage of successive cycles with
di®erences in duration above 50ms, expressed as a
percentage) and to frequency domain (LF: low fre-
quency; HF: high frequency; LF/HF: low frequency/
high frequency ratio), in addition to geometric
indices (SD1: dispersion of points perpendicular to
the short-term identity line and SD2: dispersion of
points along the identity line). The SDNN index at
rest was used to classify participants as normal and
abnormal. The classi¯cation was performed using
the reference values published by Gasior et al.21

Exercise capacity

Exercise capacity was assessed using the MST,
which has been validated for use in CF22 and
strongly correlates with oxygen consumption.23,24

A 10-meter track marked with two cones was used
and the participant was instructed to walk from
one cone to the other, according to the audible
signals, until exhaustion or a limiting symptom.
The test was interrupted when the participants
failed to reach the subsequent cone twice, arriving
after the beep time. Before and after the test, blood
pressure, heart rate (HR), peripheral oxygen sat-
uration (SpO2), respiratory rate (RR) and subjec-
tive sensation of dyspnea and fatigue in the lower
limbs (modi¯ed BORG scale) were measured. A
predicted value was calculated for the distance
covered.25

Levels of daily physical activity

The levels of physical activity were assessed using a
triaxial accelerometer (wGT3X-BT), for ¯ve con-
secutive days, worn on the left side of the waist,
which was removed only for aquatic activities or
for sleeping.10 The results for physical activity
variables were expressed in mean counts per min-
ute, as an indicator of average intensity of physical
activity, and time spent in activities was classi¯ed
according to intensity as sedentary (<100 counts),
light physical activity (from 100 to 2295 counts), or
moderate to vigorous (>2296 counts).26

Statistical analysis

For sample size calculation purposes, we used the
McNarry & Mackintosh13 study, which evaluated
HRV in individuals with CF. Using HRV RR
intervals (SDNN) as a reference variable, a power
of 95%, a signi¯cance index of 5% and a correlation

between variables of 0.5, a sample size of 30 indi-
viduals was estimated.

The Kolmogorov–Smirnov test was used to assess
the normality of the data and the results presented
according to the distribution (mean�standard devi-
ation or median plus interquartile range). Qualitative
variables were presented as absolute frequency and
relative frequency. To compare the HRV variables
between rest and exercise, the Wilcoxon test was
used. Student's t-test was used to compare lung
function and exercise capacity between individuals
with normal and altered SDNN. The Spearman's
correlation test was used to assess correlations. The
level of signi¯cance adopted was 5% in all cases and
the Stata version 12.0 statistical program was used.

Results

The sample consisted of 30 individuals, with a
mean age of 11:2� 3:7 years, most of them female
(66.6%). The majority had a heterozygous F508del
genotype (43.3%) and were colonized by Staphy-
lococcus aureus (63.3%). Pancreatic insu±ciency
was present in 86.4% of the patients. As for lung
function, the mean FEV1 (% of predicted) was
62:8� 27:6% and the mean FVC was 78:6� 21:3%.
Regarding daily physical activity levels, the data
shows that participants spent most time in light and
sedentary activities. The Shwachman–Kulczycki
score was 86:2� 13:4, representing individuals in
good clinical status. The characterization data are
shown in Table 1.

The distance covered in the MST showed a
mean of 80:9� 27:0% of the predicted, with an
estimated oxygen consumption (VO2) of
35:5� 4:8mL.kg�1.min�1. The main physiological
variables such as HR, RR, blood pressure, borg for
dyspnea and borg for fatigue in lower limbs showed
the expected increase at peak of exercise, as shown
in Table 2.

The HRV indices are described in Table 3. A
decrease in the linear indices of the time-domain
(representing vagal modulation) when comparing
rest and exercise moments was observed for SDNN
(p < 0:001), RMSSD (p < 0:001) and pNN50
(p < 0:001). In addition, as for the linear indices of
the frequency-domain, the LF (nu), indicating
sympathetic modulation, was higher in exercise
compared to rest (p < 0:001), while the HF (nu),
indicating vagal modulation, decreased at exercise
(p < 0:001). The sympathovagal balance (LF/HF)
increased at exercise (p < 0:001), which indicates a
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predominance of sympathetic modulation. In the
geometric indices of HRV (SD1 and SD2), a de-
crease during exercise compared to rest (p < 0:001)
was observed in SD1, which is predominantly
vagal, and in SD2 index (p < 0:001), which repre-
sents the global modulation.

During rest and exercise, SDNN showed a pos-
itive correlation with the percentage of time in
moderate to vigorous daily physical activity mea-
sured by the accelerometer. Regarding exercise
capacity, the MST level and distance correlated
with the SDNN, RMSSD, LF, HF, LF/HF and
SD1 indexes during exercise. SDNN and HF cor-
related positively with FEV1 and FVC, while LF/
HF correlated negatively with FVC. The corr-
elations between HRV, lung function, exercise

Table 1. Characteristics of the studied sample.

Variables evaluated n ¼ 30

Demographics
Age (years) 11:2� 3:7
Female, n (%) 20 (66.6)

Anthropometrics
Height (cm) 139:2� 16:9
Weight (kg) 33:4� 12:4
BMI (absolute) 16:6� 2:6
BMI (z-score) �0:66� 1:1
Skeletal muscle mass 13:4� 5:7
Fat Mass 7:0� 4:8
Malnutrition, n (%) 6 (20)

Genotyping
F508del Homozygous. n (%) 7 (23.3)
F508del Heterozygote. n (%) 13 (43.3)
Other mutations, n (%) 10 (33.3)

Chronic airway colonization
Staphilococus aureus, n (%) 20 (63.3)
Pseudomonas aeruginosa, n (%) 10 (33.3)

Pancreatic insu±ciency
Yes, n (%) 19 (86.4)

Lung function
FEV1 (L) 1:48� 0:74
FEV1 (% predicted) 62:8� 27:6
FVC (L) 1:92� 0:89
FVC (% predicted) 78:6� 21:3

Levels of daily physical activity
Sedentary (%) 42:3� 14:7
Light (%) 55:3� 13:3
Moderate-to-vigorous (%) 2:5� 2:4
Days of use 4:7� 0:5

Shwachmam-Kulczycki score 86:2� 13:4

Notes: Values expressed as mean � standard devi-
ation or absolute (relative) frequencies. BMI: body
mass index; cm: centimeters; Kg: kilograms; L: liters;
FEV1: forced expiratory volume in the ¯rst second;
FVC: forced vital capacity.

Table 2. Evaluation of the exercise capacity using the MST.

Variables evaluated n ¼ 30

Rest
HR (bpm) 99:2� 14:1
SpO2 (%) 97:0� 2:3
RR (rpm) 24:4� 8:5
SBP (mmHg) 112:2� 6:8
DBP (mmHg) 68:5� 8:6
Borg for dyspnea 0:3� 0:5
Borg for leg discomfort 0:2� 0:4

Peak exercise
HR (bpm) 190:6� 15:2
SpO2 (%) 96:0� 4:9
RR (rpm) 42:0� 10:6
SBP (mmHg) 120:6� 13:1
DBP (mmHg) 73:1� 12:7
Borg for dyspnea 6:8� 2:8
Borg for leg discomfort 5:0� 3:6
MST level 10:8� 2:0
MST distance (m) 803:0� 256:6
MST (% of predicted) 80:9� 27:0

VO2 estimated (mL.kg�1.min�1) 35:5� 4:8

Notes: Data expressed as mean and standard deviation. HR:
heart rate; bpm: beats per minute; SpO2: peripheral oxygen
saturation; RR: respiratory rate; rpm: respirations per min-
ute; SBP: systolic blood pressure; mmHg: millimeters of
mercury; DBP: diastolic blood pressure; MST: modi¯ed
shuttle test; VO2: oxygen consumption; m: meters; mL:
milliliters. Kg: kilogram.

Table 3. Comparison of HRV variables at rest and during
exercise.

Variables
evaluated Rest Exercise p

SDNN (ms) 60:8� 45:9 29:6� 19:6 < 0:001*
RMSSD (ms) 59:9� 61:3 13:3� 10:9 < 0:001*
pNN50 (%) 22:4� 20:6 2:1� 5:0 < 0:001*
LF (nu) 60:4� 17:2 74:1� 15:5 < 0:001*
HF (nu) 38:9� 17:2 25:8� 15:3 < 0:001*
LF/HF 2:0� 1:9 4:7� 4:3 < 0:001*
SD1 43:8� 42:7 10:9� 10:2 < 0:001*
SD2 66:9� 53:3 20:8� 15:3 < 0:001*

Notes: Variables expressed as mean � standard deviation.
Comparisons performed with the Wilcoxon test. SDNN:
standard deviation of all normal RR intervals recorded in a
time interval; RMSSD: square root of the mean of the square
of the di®erences between adjacent normal RR intervals in a
time interval; PNN50: percentage of adjacent RR intervals
with a di®erence in duration greater than 50ms; LF: low
frequency; HF: high frequency; nu: normalized units; LF/HF:
low frequency/high frequency ratio; SD1: scattering of points
perpendicular to the identity line; SD2: scattering of points
along the identity line.
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capacity and daily physical activity are shown in
Table 4.

When SDNN was normalized and then classi¯ed
as normal (n ¼ 22; 73.3%) or altered (n ¼ 8;
26.7%) based on available reference values,21

individuals with altered SDNN presented worse
lung function [Figs. 1(a) and 1(b)], both for
FEV1ðp ¼ 0:001Þ and FVC (p ¼ 0:002), and lower
exercise capacity [Figs. 1(c) and 1(d)], both for
the distance covered (p ¼ 0:027) and for the
percentage of the predicted distance (p ¼ 0:030).

Discussion

The present study shows that HRV indices pre-
sented a sympathetic predominance and a normal
physiological exercise response in children and
adolescents with mild-to-moderate CF. When
assessing the exercise capacity through the MST
level, a positive correlation with the indices that
represent parasympathetic modulation (SDNN,
RMSSD, HF, SD1) and a negative correlation with
the global low-frequency indices (LF and LF/HF)

were observed. The distance covered in the MST
showed similar results, di®ering only in the LF
index, which increased while reaching a greater
distance. Although the MST is not considered as
the gold standard for exercise capacity evalua-
tion,27 its use has been validated for children with
CF and results have shown a good correlation be-
tween the distance achieved in the test and oxygen
consumption.22,23 Nevertheless, it is known that
there is an important increase in sympathetic
modulation before and after submaximal exercise
tests.14 However, no studies were found to measure
HRV speci¯cally in children with CF during exer-
cise or exercise capacity testing, such as the MST.
Gomes et al.28 in an analysis performed with
asthmatic patients during a submaximal test,
showed a similar result, demonstrating that there
was no vagal withdrawal, while Poehling and
Llewellyn29 showed a divergent result, as in
healthy adults a submaximal test was associated to
lower vagal and higher sympathetic indexes, in
addition to the fact that participants with greater
sympathetic predominance at rest obtained better
performance during the test.

Table 4. Correlation of HRV variables with lung function, exercise capacity and levels of daily physical activity.

Lung function MST Accelerometer

Variables
FVC% FEV1% Level Distance

Sedentary/
day (%)

Light/
day (%)

Moderate-to-
vigorous/day (%)

evaluated Rho p* rho p* rho p* rho p* rho p* rho p* rho p*

Rest
SDNN 0.07 0.69 0.13 0.46 0.29 0.11 0.26 0.15 �0:22 0.23 0.20 0.29 0.37 0.04*
RMSSD 0.05 0.75 0.13 0.47 0.28 0.12 0.28 0.12 �0:12 0.51 0.12 0.53 0.22 0.25
LF 0.11 0.56 0.17 0.36 0.37 0.04* 0.34 0.06 �0:15 0.42 0.12 0.50 0.30 0.10
HF 0.16 0.39 0.23 0.21 0.31 0.09 0.31 0.08 �0:15 0.43 0.14 0.45 0.27 0.14
LF/HF �0:31 0.09 �0:34 0.06 �0:24 0.19 �0:29 0.12 0.10 0.50 �0:17 0.37 �0:09 0.63
SD1 �0:00 0.97 0.08 0.64 0.13 0.46 0.16 0.37 �0:10 0.59 0.10 0.57 0.16 0.39
SD2 0.02 0.87 0.11 0.53 0.22 0.22 0.24 0.19 �0:05 0.76 0.03 0.85 0.22 0.23
Exercise
SDNN 0.48 < 0:01* 0.45 0.01* 0.45 0.01* 0.43 0.01* �0:25 0.18 0.26 0.16 0.41 0.02*
RMSSD 0.27 0.14 0.34 0.06 0.51 < 0:01* 0.53 < 0:01* �0:15 0.41 0.09 0.63 0.30 0.11
LF 0.28 0.13 0.35 0.05 �0:50 < 0:01* 0.48 < 0:01* �0:08 0.67 0.04 0.83 0.19 0.30
HF 0.41 0.02* 0.46 0.01* 0.50 < 0:01* 0.64 < 0:01* 0.07 0.99 �0:05 0.78 0.22 0.24
LF/HF �0:39 0.03* �0:35 0.05 �0:58 < 0:01* �0:57 < 0:01 * �0:05 0.75 0.09 0.64 �0:20 0.28
SD1 0.21 0.25 0.19 0.30 0.39 0.03* 0.40 0.02* �0:24 0.19 0.24 0.20 0.29 0.12
SD2 0.25 0.17 0.21 0.26 0.34 0.06 0.35 0.05 �0:10 0.58 0.09 0.62 0.23 0.23

Notes: �Spearman's correlation test; SDNN: standard deviation of all normal RR intervals recorded in a time interval, expressed
in ms; RMSSD: square root of the mean of the square of the di®erences between adjacent normal RR intervals, in a time interval,
expressed in ms; PNN50: percentage of adjacent RR intervals with a di®erence in duration greater than 50ms; LF: low frequency;
HF: high frequency; LF/HF: low frequency/high frequency ratio; SD1: scattering of points perpendicular to the identity line;
SD2: scattering of points along the identity line; FEV1: forced expiratory volume in the ¯rst second; FVC: forced vital capacity;
MST: modi¯ed shuttle test.
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Regarding the levels of daily physical activity
(accelerometer), individuals with moderate to vig-
orous physical activity levels showed a positive
correlation with SDNN, demonstrating that the
individual's global modulation tends to improve as
physical activity increases. Although individuals
with other chronic diseases tend to present a pre-
dominantly sedentary level of physical activity,26,30,31

there is still no consensus for children with CF.
Kilbride et al.32 have shown that both children with
CF and healthy presented comparable (light) levels
of physical activity. In the present study, most
patients presented more time in light and sedentary
activities.

When the HRV was compared between rest and
exercise, the linear time-domain indices that rep-
resent vagal modulation decreased. The SDNN
index of the sample was similar to values of
children who underwent heart transplantation.33

The SDNN and RMSSD indices during rest are
equivalent to those found for obese children, based
on the study by Paschoal et al.,34 representing a
low vagal predominance. At exercise, the frequency-
domain indices showed important changes
compared to rest, where LF (nu) and LF/HF in-
creased and HF (nu) decreased, showing low vagal
predominance. A similar result was also observed
in the study by Florêncio et al.14 evaluating HRV
before and after the 6-minute walk test in children
with CF. Geometric indices showed a decrease
between rest and exercise, with SD1 of vagal pre-
dominance and SD2 of global modulation, pre-
senting good adaptation to physical stimulus.
These indices were, respectively, higher than those
of obese children and equivalent to eutrophic chil-
dren.35 Few studies have performed HRV mea-
surements during exercise. The study by Winsley
et al.36 carried out in healthy children shows that

(a) (b)

(c) (d)

Fig. 1. Comparison of lung function and exercise capacity between individuals with the SDNN within normal reference values
(normal: n ¼ 22; 73.3%) or outside normal reference values (altered: n ¼ 8; 26.7%). (a) Forced expiratory volume of the ¯rst
second (FEV1), expressed as a percentage of the predicted; (b) Forced vital capacity (FVC), expressed as a percentage of the
predicted; (c) Distance covered in the modi¯ed shuttle test (MST), in meters; (d) Distance covered in the MST, expressed as a
percentage of the predicted. The Student's t-test was used for comparisons. Signi¯cance set at p < 0:05.
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there is a signi¯cant vagal withdrawal from the
moment of rest to exercise and an increase in the
sympathetic and global modulation, corroborating
the results of the present study. It is also important
to highlight that individuals with CF may have
impaired cardiac function7 as a result of CFTR-
induced myocardial dysfunction,8 although Szollosi
et al.15 demonstrated that individuals with CF
have normal cardiac autonomic modulation when
compared to healthy individuals, even though
parasympathetic modulation is expected to de-
crease as lung disease progresses. Recent evidence
has shown that a short-term exercise resistance
training program was e®ective in modulating HRV
in children and adolescents with CF.37

Regarding lung function, FVC showed a posi-
tive correlation with HRV indices during exercise
(SDNN and HF), and a negative correlation with
LF/HF. FEV1 correlated with SDNN and HF. In
children and adolescents with CF presenting mild-
to-moderate lung function impairment and a good
physical state, 57.9% of individuals presented at
least one altered HRV variable.37 Based on the
study by Gasior et al.,21 which de¯nes the nor-
malization of HRV indices for school-aged children,
we have used the SDNN vagal modulation index of
the sample at rest to show that individuals with
altered SDNN had worse lung function (FEV1 and
FVC) and less exercise capacity (distance covered
in absolute and percentual values). Nevertheless,
we believe current knowledge on the in°uence of
respiratory diseases on cardiac autonomic modu-
lation is still incipient and may be addressed in
future studies. HRV clinical measurement may
help healthcare providers to monitor autonomic bal-
ance changes and evolution in individuals with CF.

The present study has some limitations, in-
cluding the cross-sectional design and the char-
acteristics of the sample, comprised of children and
adolescents aged 8–15 years, which may have
in°uenced comparisons between HRV indices,
considering a possible in°uence of puberty. In ad-
dition, it was not possible to use the gold standard
for exercise testing (CPET — cardiopulmonary
exercise testing) to assess exercise capacity. How-
ever, we believe that the use of the MST, which has
already been validated for use in CF patients,22,23

was adequate to assess exercise intolerance in the
studied sample.

In conclusion, HRV correlates with lung
function, exercise capacity and levels of daily
physical activity in children and adolescents with

mild-to-moderate CF. When normalized using
reference values, patients with abnormal HRV
presented reduced lung function and exercise
tolerance. The study highlights the in°uence of CF
on autonomic function and, considering the prac-
ticality of measuring HRV in a clinical setting, we
believe it could also be used as an alternative
marker to monitor CF individuals.
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