
ORIGINAL ARTICLE

Positive Effects of the Reversion of Depression on the
Sympathovagal Balance after Telerehabilitation in Heart
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Background: Autonomic nervous system (ANS) dysfunction appears in the course of both
chronic heart failure (CHF) and depression. Comprehensive cardiac rehabilitation (CCR), apart
from improving physical capacity, can reduce depressive symptoms and leads to the restoration
of ANS function among CHF patients. The purpose was to evaluate the influence of the reversion of
depression (measured by Beck Depression Inventory [BDI] score, cut point <10) and the physical
capacity improvement (measured by peak oxygen consumption [peak VO2; ml/kg per minute]) on the
sympathovagal balance (measured by low/high frequency ratio [LF/HF]) after CCR in CHF patients.

Methods: The study group comprised 111 CHF patients (New York Heart Association II–III; left
ventricular ejection fraction � 40%). Patients were randomized (2:1) to 8-week CCR based on Nordic
walking training (five times weekly) at 40–70% of maximal heart rate, training group (TG) n = 77,
or to control group (CG) n = 34. The effectiveness of CCR was assessed by changes—delta (�) in
LF/HF, BDI score, and peak VO2, as a result of comparing these parameters from the beginning and
the end of the program.

Results: Eventually, 46 patients in TG and 23 patients in CG were eligible for simultaneous
ANS and psychological status analysis. Only in TG the LF/HF decreased 2.06 ± 1.14 versus 1.19 ±
0.80 (P < 0.0001) and peak VO2 increased 16.83 ± 3.72 versus 19.14 ± 4.20 ml/kg per minute (P
< 0.0001). Favorable results in CG were not observed. The differences between TG and CG were
significant: �peak VO2 (P < 0.0001); �LF/HF (P = 0.0001). Depressive symptoms were substantially
reduced in both groups (TG, P = 0.0006; CG, P = 0.0490). Nevertheless, the greatest improvement
of sympathovagal balance was observed in patients whose depression was reversed, thanks to the
CCR in comparison to other patients from TG and the entire CG.

Conclusion: Positive effect of the sympatho-parasympathetic balance obtained during the home
CCR based on Nordic walking training results from the additive effects of the reversion of depression
and physical capacity improvement in CHF patients.

heart rate variability; depression; exercise training

Autonomic nervous system (ANS) dysfunction
appears in the course of both chronic heart
failure (CHF) and depression.1 On the contrary,
depression is a common comorbidity among CHF
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patients with prevalence between 13% and 60%.2

In addition, heart failure is characterized by re-
duced exercise tolerance.3 Moreover, the following
three factors reflect poor prognosis in CHF patients
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and lead to increased morbidity and mortality:
altered ANS activity, depression, and decrease of
physical capacity.1–3 Most of the data available
on the subject prove that comprehensive cardiac
rehabilitation (CCR) which includes, among others,
exercise training and psychological support not
only improves physical capacity, but also can
reduce depressive symptoms.4,5 This, on the
contrary, leads to the restoration of ANS function
among CHF patients.6–8 The Nordic walking
training, apart from its obvious beneficial effects
on general health, is well accepted and positively
affects the mental state and motivation of patients,
especially those suffering from depression, in
which case its psychological repercussions are
essential.9–11

No articles evaluating simultaneously the influ-
ence of Nordic walking training on ANS activity,
physical capacity, and psychological distress in
CHF patients have been published so far. There-
fore, the objective of this study was to investigate
and evaluate the influence of the reversion of
depression and the physical capacity improvement
on the sympatho-parasympathetic balance after the
comprehensive cardiac telerehabilitation based on
Nordic walking training in CHF patients.

METHODS

The present study formed part of a single-center,
prospective, parallel-group, randomized (2:1), con-
trolled trial of home telemonitored CCR based on
Nordic walking training (training group [TG]) ver-
sus usual care (control group [CG]) in CHF patients
who also met the criteria for heart rate variability
(HRV) assessment and correctly filled out the
Beck Depression Inventory (BDI) questionnaire.
For this study, we recruited consecutive patients
hospitalized between December 2009 and June
2012 in the Department of Cardiac Rehabilitation,
Institute of Cardiology, Warsaw, Poland, for the
inclusion in the cardiac rehabilitation. The study
was approved by the local Ethics Committee. Each
patient gave written informed consent.

We included patients of either sex with any
etiology of left ventricular systolic HF as defined
in the European Society of Cardiology (ESC)
guidelines3 diagnosed at least for 3 months; with
a left ventricular ejection fraction (LVEF) < 40%
on echocardiography; classified in New York Heart
Association (NYHA) as class II or III; patients who

were clinically stable and receiving an optimal
and stable medication regimen for at least 4
weeks before enrollment; patients who had no
contraindications to exercise training according
to current recommendation for HF patients12;
patients with sinus rhythm and those who correctly
filled out the BDI questionnaire.

The exclusion criteria were a history of an
acute coronary syndrome within the last month,
coronary artery bypass grafting within the last
2 months, or initiation of cardiac resynchro-
nization therapy within the last 6 months, or
implantation of a pacemaker and/or implantable
cardioverter-defibrillator (ICD) within the last
6 weeks; atrial fibrillation or flutter, atrial and/or
ventricular permanent pacing; symptomatic and/or
exercise-induced cardiac arrhythmia or conduction
disturbances; valvular or congenital heart disease
requiring surgical treatment; hypertrophic car-
diomyopathy; severe pulmonary hypertension or
other severe pulmonary disease; uncontrolled hy-
pertension; anemia; acute and/or decompensated
noncardiac disease; physical disability related to
severe musculoskeletal or neurological problems;
patient refusal to participate.

The qualified patients in both groups under-
went the following assessments at entry and
after completing the 8-week program: clinical
examination, two-dimensional echocardiography,
cardiopulmonary exercise test, 24-hour Holter ECG
monitoring with HRV assessment and psychologi-
cal status (BDI) evaluation.

Echocardiography

Two-dimensional echocardiography was per-
formed using standard parasternal, apical, and
subcostal views (VIVID 4 GE Medical System with
a 2.5 MHz transducer). LVEF was calculated on
the basis of conventional apical two-chamber and
four-chamber images using the biplane Simpson
technique.

24-Hour Holter ECG Monitoring and
HRV Analysis

HRV was measured using a 24-hour Holter
ECG, recorded with a 3-channel Spacelabs Lifecard
system (Spacelabs, Del Mar Reynolds, Hertford,
United Kingdom). HRV indices were calculated
after prospective interactive ECG analysis, using
the Impresario Space software (Del Mar Reynolds).
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The measurements of HRV included time domain—
standard deviation of all normal RR intervals
(SDNN) and frequency domain indices, which were
calculated after fast Fourier transformation of five
10-minute ECG segments, recorded between 2 a.m.
and 6 a.m. The highest and lowest values were
excluded, and the three remaining values were
averaged. The power spectrum density of low
frequency (LF) 0.04–0.15 Hz, high frequency (HF)
0.15–0.4 Hz, and the low frequency to high fre-
quency ratio (LF/HF) was calculated using standard
methodology.13 The LF and HF were presented as
logarithmic values (log LF, log HF). The influence
of Nordic walking training on HRV was assessed
by changes—delta (�) in log LF, log HF, and
LF/HF ratio, resulting from the comparison of
these parameters from the beginning and the end
of the program.

Cardiopulmonary Exercise
Treadmill Test

The symptom limited cardiopulmonary exercise
treadmill test (CPET) according to a ramp protocol
and ESC recommendations14 was performed using
a Schiller treadmill (Doral, FL, USA) which was
connected to a computerized breath-by-breath
spiroergometry system (ZAN 600, ZAN Messgeräte
GmbH, Nuremberg, Germany). Oxygen consump-
tion was measured continuously using breath-by-
breath analysis and used as an index of exercise
capacity. Peak VO2 was defined as the highest
oxygen uptake level achieved during the final 30
seconds of CPET.

Depression Assessment

The BDI, a 21-item questionnaire, was ad-
ministered to assess the subject’s self-reported
depression symptoms. In general terms, BDI scores
range from 0 to 63, and the lower the score,
the better the condition of the patient. Patients
with BDI scores � 10 were considered affected
by depression. The lower BDI score, even though
in some cases it did not reach the cut point (<10)
implying the reversion of depression, was qualified
as the decrease of depression symptoms.

Comprehensive Cardiac
Telerehabilitation Program

Home-based telerehabilitation was performed
as a comprehensive procedure which included
all core components of cardiac rehabilitation

(education, exercise training based on Nordic
walking, psychological care, diet, and lifestyle
recommendation).

Exercise Training

Exercise training was planned in line with the
current guidelines for HF patients.12 The chosen
workload reflected individual effort tolerance with
regard to perceived exertion according to the
Borg scale16 and the training heart rate (HR)
range established individually for each patient.
The training HR was calculated using the method
known as HR reserve. This method uses a
percentage of the difference between the maximum
HR and the resting HR rate, and adds this value
to the resting HR. The target training HR was
40–70% of the HR reserve. Patients underwent
an 8-week home-based telerehabilitation program.
The training session consisted of three parts:
a warm-up lasting 5–10 minutes (breathing and
light resistance exercises, calisthenics), a 15–45-
minute Nordic walking training, and a 5-minute
cool-down. Patients trained five times a week,
and specific details of training methodology were
prescribed previously.11

The exercise training effectiveness was as-
sessed by changes—� in LF/HF, BDI score,
and peak VO2 in CPET, resulting from the
comparison of these parameters from the beginning
and the end of the program. The methodol-
ogy of telerehabilitation model was described
previously.17–19

In brief, all patients in the TG received a special
remote device for telemonitored and telesupervised
exercise training—telerehabilitation set (Pro Plus
Company, Poland), which consists of EHO mini
device and blood pressure measuring and weighing
machine. The EHO mini device enabled of the ECG
data from three precordial leads to be recorded and
transmitted via a mobile phone to the monitoring
center.

Psychological Support

Patients from both groups had individual
meetings with a psychologist once a day during
the first 5 days. Topics which the consultation
included are as follows: disease-related problems,
patient’s mood, and the approval for further
rehabilitation. In addition, TG patients who
expressed the need for psychological support could
provided with individually tailored psychological
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care over telephone conversations. During these
calls patients received practical information on
coping with chronic disease and support in
terms of everyday challenges of being affected
by such disease. They were also motivated to
carry on with the telerehabilitation and advised
to include relaxation training into their daily
routine.

Apart from being given the initial support from
a psychologist, TG patients received mental and
motivational support to a healthy lifestyle and
exercise training by the entire team involved in the
home-based telerehabilitation (nurse, physiothera-
pist, physician). This support consisted in day-to-
day telephone conversations with a nurse and a
physiotherapist. The nurse asked the patients about
their mood, worrying symptoms (short breathness,
chest pain, etc.), confirmed that patients took their
medication and asked about their rehabilitation-
related doubts and problems. The physiotherapist
was available to consult the exercise routine before
the training session and afterward called the patient
again to discuss the training and evaluate the rating
of perceived exertion according to Borg scale. If
necessary, the patients could also get in touch with
the physician.

After the completion of the telerehabilitation
(TG) and observation (CG), the psychologist
conducted two individual meetings with all the
patients regarding their feelings, needs, well-being,
and other aspects of their mood.

Usual Care

Patients in CG receiving “usual care” did not
receive a formal exercise training prescription and
did not undergo supervised rehabilitation.

All patients, independent from the treatment
group, were given recommendations for ap-
propriate lifestyle changes and self-management
according to ESC guidelines.3

Statistical Analysis

Statistical analyses were performed using SAS
software (version 9.2; Cary, NC, USA). The normal-
ity of distributions was verified using the Shapiro-
Wilk test. To compare normally distributed
continuous variables, the paired and unpaired
t-tests were used. To compare changes of variables
in time between training and CGs, the general
linear model with repeated measures adjusted
for age, sex, diabetes, and undergone myocardial

infarction, coronary artery bypass grafting was
used. The signed-rank test (for changes over time)
and the Wilcoxon or Kruskal-Wallis tests (to com-
pare groups) were used for continuous variables
that were not distributed normally. Correlations
between peak VO2 and LF/HF ratio changes were
tested in accordance with Spearman-Pearson test.
The correlation analysis between indicators of
depression and multivariate regression of BDI and
peak VO2 on LF/HF ratio were also conducted.
The chi-squared or Fisher’s exact tests were used
for categorical variables. P values <0.05 were
considered significant.

RESULTS

Of the 111 patients randomized, 77 were
assigned to the TG and 34 to the CG.

Forty-six patients in TG and 23 patients in
CG (Fig. 1) were eligible for simultaneous HRV
and psychological status analysis. At baseline, the
groups were comparable in terms of clinical data
including HRV indices, BDI score, prevalence of
depression, pharmacotherapy, and demographic
characteristics except for age. The baseline clinical
characteristics of patients are shown in Table 1.

Effects of Comprehensive Cardiac
Telerehabilitation on HRV Parameters

There was a significant increase in vagal tone
assessed by log HF (P = 0.0211), and significant
decrease of sympathetic activity assessed by log LF
(P = 0.0129) and in consequence improvement in
sympathovagal balance evaluated by LF/HF ratio
(P < 0.0001) only in the TG. We did not
observe these favorable effects in the CG. Log
HF and LF/HF ratio were statistically significant
in between-group analysis after adjustment for
age, sex, diabetes, and undergone myocardial
infarction, coronary artery bypass grafting (P =
0.0384 and <0.0001, respectively). The details are
shown in Table 2.

Effects of Comprehensive Cardiac
Telerehabilitation on Depression

Symptoms

At baseline evaluation, depression was present
in 35% of patients in the TG and 48% of
patients in the CG. After an 8-week Nordic
walking training, depression receded (BDI score
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Patients admitted to Cardiac Rehabilitation Department 
n = 814 

Assessed for eligibility 
n = 227 

Fulfilling exclusion criteria 
n = 101 

Unwilling to participate 
n = 15 

Randomized 
2:1

n = 111

Training group 
n = 77 

Control group 
n = 34 

Dropped out 
n = 1 

Completed observation 
n = 33 

Excluded from final 
examination due to 

comorbidities 
n = 1 

Data at 8 weeks 
n = 75 

Completed telerehabilitation 
n = 77 

Excluded from final 
examination due           
to comorbidities 

n = 2 

Data at 8 weeks 
n = 32 

Excluded from HRV analysis 
due to atrial fibrillation n = 6  
pacemaker/CRT n = 19 
atrial fibrillation and 
pacemaker/CRT n = 3 
Incomplete BDI n =1 

Excluded from HRV analysis     
due to atrial fibrillation  n = 3 
pacemaker/CRT n = 4 
atrial fibrillation and 
pacemaker/CRT n = 2 

Data for HRV and BDI analysis 
n = 23 

Data for HRV and BDI analysis 
n = 46 

Figure 1. Figure flow of patients through the study. HRV = heart
rate variability; BDI = Beck Depression Inventory; CRT = cardiac
resynchronization therapy.

<10) in 15% of patients. In the CG, depression
receded in 13% of patients. There were no
significant differences in between-group analysis
after the adjustment for age, sex, diabetes, and
undergone myocardial infarction, coronary artery

bypass grafting in terms of reversing depres-
sion after training and observation. Nevertheless,
there was a significant reduction in BDI score
(which proves a decrease of depression symptoms,
yet does not imply its reversion as patients
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Table 1. Baseline Characteristics

Training Group Control Group
(n = 46) (n = 23) P

Males, n (%) 39 (84,78) 22 (95,65) ns
Age (years), mean ± SD 54.3 ± 10.38 60.4 ± 11.9 0.0205
Left ventricular ejection fraction (%),

mean ± SD
31 ± 7 33 ± 7 ns

Etiology of heart failure, n (%)
Ischemic 34 (73.91) 20 (86.96) ns
Nonischemic 12 (26.09) 3 (13.04) ns

Medical history, n (%)
Myocardial infarction 32 (69.57) 20 (86.96) ns
Angioplasty 25 (54.35) 17 (73.91) ns
Coronary artery bypass grafting 10 (21.74) 7 (30.43) ns
Stroke 1 (2.22) 2 (8.70) ns
Diabetes 10 (21.74) 6 (26.09) ns
Hyperlipidemia 26 (56.52) 15 (65.22) ns

Functional status
NYHA II, n (%) 36 (78.26) 16 (69.57) ns
NYHA III, n (%) 10 (21.74) 7 (30.43) ns

Depressed, n (%) 16 (34.78) 11 (47.83) ns
Nondepressed, n (%) 20 (65.22) 12 (52.17) ns
Beck Depression Inventory Questionnaire

(score)
8.76 ± 6.73 11.56 ± 8.18 ns

Heart rate variability, mean ± SD
SDNN (ms) 120 ± 28 126 ± 32 ns
Log low frequency (ms2 Hz) 5.93 ± 0.87 5.81 ± 0.77 ns
Log high frequency (ms2 Hz) 5.36 ± 1.02 5.33 ± 0.83 ns
Low-to-high frequency ratio 2.06 ± 1.14 2.01 ± 1.35 ns

Cardiopulmonary exercise test, mean ± SD
Peak VO2 (ml/kg per minute) 16.83 ± 3.73 17.89 ± 3.50 ns

Treatment, n (%)
Beta-blocker 36 (100) 15 (100) ns
Angiotensin converting enzyme inhibitors 40 (86.96) 19 (82.61) ns
Angiotensin receptor blockers 6 (13.04) 3 (13.04) ns
Loop diuretics 27 (58.70) 13 (56.52) ns
Aspirin 36 (78.26) 18 (78.26) ns
Anticoagulants 10 (21.74) 6 (26.09) ns
Statins 37 (80.43) 19 (82.61) ns
Implantable cardioverter-defibrillator 29 (63.04) 11 (47.83) ns

SD = standard deviation; ns = nonsignificant; NYHA = New York Heart Association class; SDNN = standard deviation of all
normal RR intervals; log = logarithm; LF = low frequency; HF = high frequency; LF/HF = low-to-high frequency ratio; Peak VO2= peak oxygen consumption; bpm = beat per minute.

did not reach the cut point <10) in the TG
(P = 0.0006) and in the CG (P = 0.0490), which
were not statistically significant in between-group
analysis after adjustment for age, sex, diabetes,
and undergone myocardial infarction and coronary
artery bypass grafting. The details are shown in
Tables 2–4.

All the patients in TG were satisfied with the
support which they received during home-based
telerehabilitation from nurses, physiotherapists,
and physicians. In consequence they did not
express the need for additional phone consultations
with the psychologist.

Relationship between HRV Indices
and Depression

Statistically significant changes in �LF/HF have
been observed in the TG only in the following
patient subgroups: with depression before and after
the training (�LF/HF = –0.13), without depression
before and after the training (�LF/HF = –0.7),
and in the subgroup where depression reversed
after the training (�LF/HF = –2.27) (Kruskal-
Wallis test; P = 0.0003). Therefore, the greatest
sympathetic–parasympathetic balance improve-
ment was observed in patients, where depression
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Table 2. Comparison of Outcomes before and after Comprehensive Cardiac Telerehabilitation Based on Nordic
Walking Training in the Training Group (p1) and before and after Observation in the Control Group (p2) and
between Groups—Group x Time Adjusted for Age, Sex, Diabetes, and Undergone Myocardial Infarction and

Coronary Artery Bypass Grafting (p3)

Training Group Control Group

Before After Before After
Training Training p1 Observation Observation p2 p3

24-hour Holter
ECG monitoring

SDNN (ms) 120 ± 28 124 ± 27 ns 126 ± 32 126 ± 23 ns ns
Log LF (ms2/Hz) 5.93 ± 0.87 5.67 ± 0.98 0.0129 5.81 ± 0.77 5.93 ± 0.87 ns ns
Log HF (ms2/Hz) 5.36 ± 1.02 5.68 ± 0.94 0.0211 5.33 ± 0.83 5.24 ± 1.07 ns 0.0384
LF/HF 2.06 ± 1.14 1.19 ± 0.80 <0.0001 2.01 ± 1.35 2.42 ± 1.39 ns <0.0001
Beck Depression

Inventory
Questionnaire

BDI (score) 8.76 ± 6.73 6.70 ± 5.53 0.0006 11.57 ± 8.18 9.09 ± 7.34 0.0490 ns
Cardiopulmonary

exercise test
peak VO2 (mL/kg

per minute)
16.83 ± 3.72 19.14 ± 4.20 <0.0001 17.89 ± 3.50 17.63 ± 3.71 ns 0.0012

HR rest (bpm) 67 ± 10 67 ± 10 ns 67 ± 10 68 ± 10 ns ns
HR max (bpm) 113 ± 17 122 ± 19 0.0001 120 ± 19 117 ± 15 ns 0.0088
SBP rest (mm Hg) 110 ± 14 113 ± 13 ns 113 ± 13 116 ± 14 ns ns
DBP rest (mm Hg) 74 ± 8 75 ± 7 ns 75 ± 7 75 ± 6 ns ns
SBP max (mm Hg) 134 ± 23 140 ± 22 0.0047 144 ± 24 142 ± 22 ns ns
DBP max (mm Hg) 77 ± 9 78 ± 7 ns 80 ± 9 80 ± 6 ns ns

Data presented are mean values ± standard deviation; statistical significance: P < 0.05; ns = nonsignificant; SDNN = standard
deviation of all normal RR intervals; Log = logarithmic; LF = low frequency; HF = high frequency; LF/HF = low-to-high frequency
ratio; Peak VO2 = peak oxygen consumption; HR = heart rate; bpm = beat per minute; SBP = systolic blood pressure; DBP =
diastolic blood pressure.

Table 3. Psychological Status Results in Terms of Depression in Training Group

The Results before the Nordic Walking Training

Nondepressed, n (%) Depressed, n (%)

The results after the nordic
walking training

Nondepressed, n (%) 28 (61) 7 (15)

Depressed, n (%) 2 (4) 9 (20)

Table 4. Psychological Status Results in Terms of Depression in Control Group

The Results before Observation

Nondepressed, n (%) Depressed, n (%)

The results after observation Nondepressed n (%) 12 (52) 3 (13)
Depressed n (%) 0 (0) 8 (35)

after the CCR based on Nordic walking training
was reversed.

In addition, within the TG the baseline LF/HF
comparative analysis proved that there was a
statistically significant difference (P = 0.0028)

between the subgroup where depression was
reversed (LF/HF = 3.4 ± 1.2) and the subgroups
with depression before and after the training and
without depression before and after the training
continued (LF/HF = 1.7 ± 0.8).
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In the CG, no statistically significant changes
in � LF/HF have been observed in the following
patient subgroups: with depression before and after
the training (�LF/HF = 0.71), without depression
before and after the training (�LF/HF = –0.09), and
in the subgroup where depression was reversed
after the training (�LF/HF = 1.61) (Kruskal-Wallis
test; P = 0.0931).

Effectiveness of Comprehensive Cardiac
Telerehabilitation Based on Nordic

Walking Training

Nordic walking training resulted in a significant
improvement in peak VO2 16.83 ± 3.72 versus
19.14 ± 4.20 ml/kg per minute (P < 0.0001).
In CG there was no significant changes in
peak VO2 17.89 ± 3.50 versus 17.63 ± 3.71
(P = 0.7805). Between-group analysis showed
that the differences between TG and CG were
statistically significant in terms of �peak VO2, after
adjustment for age sex, diabetes, and undergone
myocardial infarction and coronary artery bypass
grafting (P = 0.0012). The details are shown in
Table 2.

Within the TG, the multivariate model evalu-
ating the interaction between (1) �LF/HF ratio
and �BDI score, (2) �LF/HF ratio and �peak
VO2, and finally (3) �LF/HF ratio and the �BDI
score combined with �peak VO2 proved that
there have been statistically significant relations
between the variables: (1) P < 0.0001, (2) P =
0.0020, and (3) P = 0.0024, respectively. Within
this model, additional variables were included: age
sex, diabetes, and undergone myocardial infarction
and coronary artery bypass grafting. Only in TG,
the improvement in �LF/HF ratio was associated
with the improvement in exercise capacity and the
reduction of depressive symptoms. In CG, no such
relationship was observed.

DISCUSSION

We are aware of the fact that the study group was
small and the results obtained represent the char-
acteristics of a preliminary study. Nonetheless, we
believe that our research hypothesis is interesting
enough to present value in terms of discussion.

The main findings of this ancillary study
were the demonstration that the improvement
of sympatho-parasympathetic balance obtained
through CCR results from the additive effects of

the reversion of depression and increased physical
capacity.

The greatest improvement of sympathovagal
balance was observed in patients whose depression
was reversed because the CCR based on Nordic
walking training. These results were qualified as
excellent in the course of comparison with the
results of other patients from the TG: those whose
depression was not reversed thanks to the CCR
program and those who did not suffer from this
mental illness in the first place. The phenomenon
of particularly impressive improvement of sym-
pathovagal balance among patients whose mental
illness receded was not observed in patients from
the CG.

In articles published so far, the object of the
evaluation was the influence of rehabilitation on
ANS function and on depression separately.

Exercise Training and HRV

Although there are no articles on the influence
of Nordic walking training on HRV, it would result
of great value to take a closer look at works which
demonstrate the influence of other modalities of
exercise training on HRV in CHF patients.20–25

Simultaneous improvement of all HRV parame-
ters (time domain and frequency domain) was not
always observed. Selig, for example, reported the
decrease of LF and LF/HF, but did not observe
any changes in SDNN.26 We have obtained similar
results in our work.

Adamopoulos et al., on the contrary, reported
that in CHF, physical training maintains and
improves circadian variations in HRV measures.23

In another study, the authors demonstrated an
improvement in autonomic balance (increases in
HF and decreases in LF and LF/HF ratio) after
8 weeks of physical training at home.27Our results
are consistent with these outcomes.

Furthermore, Ponikowski et al. proved that the
ventilatory response to exercise correlated with
impaired HRV in patients with CHF. These find-
ings indicate a potential link between functional
severity and sympathovagal imbalance in CHF.28

Similarly to our findings Kiilavuori et al. and
Pietila et al. observed a significant increase in CHF
indices after exercise training in CHF patients.29,30

Our results are also concordant with the study
conducted by Malfato et al. which showed
significant improvement in both ANS function and
physical capacity after cardiac rehabilitation.22
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Published data indicated that exercise training
restores ANS function by increasing vagal tone
and decreasing sympathetic activity which lead
to parasympathetic–sympathetic balance improve-
ment in CHF patients.20–34

Exercise Training and Depression

Another issue is the influence of cardiac rehabil-
itation on patients suffering both from depression
and heart failure.

The HF-ACTION subanalysis showed that ex-
ercise training resulted in a modest reduction in
depressive symptoms as evaluated by the BDI-II
score.4

Another recently published meta-analysis on
the topic has proven that exercise training had
beneficial effects on freeing the CHF patients
from depression symptoms.5 The influence of
Nordic walking on depression symptoms in CHF
patients has not been evaluated. Nevertheless,
according to the studies which evaluated patient
groups without heart failure, Nordic walking
has proven to increase patients’ motivation to
perform physical activity, enhance their fitness,
and improve their mood.9 In our study we
have also observed a substantial reduction of
depressive symptoms (decrease in the number
of points in the BDI score) within the TG and
depression was reversed in 15% of patients from
this group. These results were insufficient to obtain
a statistically significant difference in terms of
reducing depression symptoms within the TG as
compared with the CG. In the CG we have also
observed a significant reduction in the number
of points in the BDI score and depression was
reversed in 13% of the patients (cut point for
depression diagnose � 10 point in BDI score).

Reversion of Depression and
the Improvement of the

Sympatho-Parasympathetic Balance after
Comprehensive Cardiac

Telerehabilitation

The articles published so far have not analyzed
the additive effects resulting from the physical
capacity improvement (pVO2) and recovery from
depression on the sympatho-parasympathetic bal-
ance.

The results of our study prove that the reversion
of depression in the TG has significantly intensified

the beneficial change of the sympathovagal balance
in comparison with the rest of the patients both
from the TG as well as the CG.

For this reason there seem to exist premises
to believe that this phenomenon is the result of
additive effects of physical capacity improvement
(objectively measured by peak VO2) and the effects
of the reversion of depression (i.e., achieved cut
point for reversion of depression <10 point in BDI
score) in the course of the CCR based on Nordic
walking training.

The ANS dysfunction is affected both by
the CHF advancement level as the depression
which accompanies it. The pleiotropic effects of
exercise training, on the contrary, encompasses
both the improvement of physical capacity pa-
rameters and the improvement of the mental
health, which positively affects the sympathovagal
balance.

The question at hand is clearly the reason
behind this phenomenon. There are three valid
explanations that could be taken into consideration:
(1) more intense (accumulated) disruption of the
sympatho-parasympathetic balance in the patient
group with CHF and depression at the beginning
of the study, (2) the influence of depression related
therapy on the ANS function, and (3) the beneficial
effects of a specific form of exercise training which
is Nordic walking.

Our study demonstrated that in the TG subgroup
of patients whose depression was reversed after the
training, baseline analysis was characterized by the
highest ANS dysfunction (negative additive effects
of heart failure and depression). This might have
been the reason why the improvement of those two
negative factors after the training resulted in the
positive additive effect.

Antidepressants capable of affecting ANS func-
tion have not been used in either group. Never-
theless, it is impossible to rule out the influence
of the psychological procedures applied in the
TG and not used in the CG on the effects of
the study. However, taken into account the fact
that the depressing symptoms receded in the
CG, it is imperative to qualify it as spontaneous
improvement during the study.

It is obvious that, thanks to Nordic walking, most
muscles are being activated and patients obtain
fitness building stimulation absent in other training
modalities such as cycling or simple walking.
In addition, this specific modality incorporates
components of resistance training thanks to the
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“grip and release” of the poles technique. More-
over, during the breaks in the Nordic walking
training, breathing and light stretching exercise
can be performed as complementary exercise
modality. There is no evidence that these specific
characteristics of Nordic walking had influence on
the accumulated improvement of the sympathova-
gal balance among patients who recovered from
depression.

It needs to be emphasized, however, that
the results presented in our study, because of
the limited number of its participants, can be
considered typical of a preliminary study, and the
presented hypotheses require confirmation in the
course of further studies.

Limitation

We acknowledge that it was an ancillary study,
and thus the group studied was not particularly
large. On one hand, this might be considered
a limitation to the study; on the other, it is
possible that as we were able to obtain statistically
significant results it would be legitimate to conduct
further research in this specific field. In order
to assess HRV with precision we only focused
on patients with sinus rhythm, and we excluded
patients dependent on pacing, which caused
that the number of patients included in the
anicillary study diminished. Another limitation is
the evaluation of selected parameters from 24-hour
holter ECG monitoring. We are aware that BDI
questionnaire is a short and relatively old test for
depression assessment and more expensive and up-
to-date tests are available.

The training in this study lasted only 8 weeks.
The majority of the study group consisted of males,
and for this reason the results are not fully valid for
the female population. Because we were unable to
determine the number of patients who were able
to maintain their improvement, it is necessary to
add the lack of long term follow-up as the final
limitation.

CONCLUSION

Positive effect of the sympatho-parasympathetic
balance obtained during the home comprehensive
cardiac telerehabilitation based on Nordic walking
training results from the additive effects of the
reversion of depression and physical capacity
improvement in CHF patients.
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