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Der Effekt eines Power Plate-Trainings auf physiologische Parameter bei 

Patienten mit dem chronischem Erschöpfungssyndrom   

Joosen et al., Int J Occ Med Env Health 2008; 21(3):237 – 246 

 
 

Ziel der Studie:  

Untersuchung, ob ein Power Plate-Training einen positiven Einfluss auf physiologische Parameter bei 

Patienten mit dem chronischem Erschöpfungssyndrom  hat.  

 

Methoden:  

Diese 6-wöchige Studie wurde mit 18 Patienten (chr. Erschöpfungssyndrom)  durchgeführt. Alle Teilnehmer 

absolvierten eine Kombination aus einem Ausdauer- und Kräftigungstraining auf der Power Plate (35 Hz), 

sowie Atemübungen. Parameter wie die Herzfrequenzvariabilität, Atmung und  Müdigkeitssymptome mittels 

einer Checkliste wurden erhoben. 

 

Ergebnisse: 

Nach dem 6-wöchigen Power Plate-Training konnten deutliche Verbesserungen der 

Herzfrequenzvariabilität und der Atmungsrate beobachtet werden. Weiterhin verbesserten sich bei den 

Probanden die Müdigkeitssymptome.   

 

Fazit: 

Die Studie zeigt, dass ein 6-wöchiges Power Plate-Training positive Effekte auf physiologische und 

subjektive Parameter bei Patienten mit Erschöpfungssyndromen hat.   

 



IJOMEH 2008;21(3) 237

O R I G I N A L  P A P E R S

International Journal of Occupational Medicine and Environmental Health 2008;21(3):237 – 246
DOI 10.2478/v10001-008-0025-9

EVALUATION OF THE EFFECTS OF A TRAINING 
PROGRAMME FOR PATIENTS WITH PROLONGED 
FATIGUE ON PHYSIOLOGICAL PARAMETERS 
AND FATIGUE COMPLAINTS
MARGOT JOOSEN1, JUDITH SLUITER1, CATELIJNE JOLING2,3, and MONIQUE FRINGS-DRESEN1

1 University of Amsterdam, Amsterdam, The Netherlands
Academic Medical Center, Department: Coronel Institute of Occupational Health
2 Maastricht University, Maastricht, The Netherlands
Department of Health Organization, Policy and Economics, Faculty of Health Sciences
3 Hoofddorp, The Netherlands 
TNO Quality of Life/Work & Employment

Abstract
Objectives: Complaints of prolonged fatigue are considered as a major health problem, as it can affect daily functioning 
and may lead to work disability. To increase knowledge about the effectiveness of interventions focussing on fatigued pa-
tients, a study was designed to evaluate an established training programme for patients with prolonged fatigue. Materials 
and Methods: Eighteen patients who reported fatigue to be one of their major health complaints and who were suffering 
from functional impairments attended a training programme of six weeks, three times a week. The training consisted 
mainly of physical endurance training, relaxation therapy and breathing exercises in rest. At baseline, time- and frequency-
domain measures of heart rate variability (HRV) and respiration rate measurements were recorded during rest and dur-
ing recovery after bicycle exercise. Furthermore, fatigue complaints were assessed with the Checklist Individual Strength 
(CIS). These measurements were repeated at three weeks and six weeks from baseline. Results: After three weeks, HRV 
increased significantly in rest — SDNN, i.e. standard deviation of normal beat-to-beat intervals (p = 0.02), very low fre-
quency (p = 0.04) and low frequency (p = 0.04) — and showed a positive trend in the remaining HRV components. No 
significant HRV changes during recovery were found. Respiration rate decreased significantly after six weeks during rest 
(from 11.8, SD = 4.65 to 8.1, SD = 2.57 b×min-1) and during recovery (from 15.1, SD = 4.90 to 10.4, SD = 2.97 b×min-1). In 
all patients, CIS scores decreased after six weeks training (from 106, SD = 13.3 to 78, SD = 21.8, p = 0.001). Conclusions: 
The results suggest that a six-week training programme has a beneficial effect on physiological and subjective parameters 
in patients with severe complaints of fatigue.
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INTRODUCTION

Feelings of fatigue are common complaints among both 

the general and working population [1–3]. It is a normal 

phenomenon after physical or mental exertion that usually 

abates after a period of rest, when tasks are changed or 

when coping strategies are used [4,5]. Sometimes however, 

feelings of fatigue persist. Unlike acute fatigue, prolonged 
fatigue is not task-specific, does not recover in short term 
and affects individual’s work performance and activities 
of daily living. This may result in sick leave and/or work 
disability [6,7]. Compensation mechanisms (e.g. reducing 
activity) are not successful in this context, and they do not 
decrease the feeling of fatigue [4]. 
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breathing exercises is evaluated to answer the following 
research question: What are the changes in physiological 
parameters and fatigue feelings in patients with prolonged 
fatigue after a six week training programme? Fatigue-re-
lated complaints were expected to reduce after the inter-
vention. Furthermore, the training was expected to have 
beneficial effects on physiological parameters (i.e. it raises 
HRV, while lowering respiration rate) at rest and during 
recovery after exercise. Both parameters were measured 
to see if physiological responses occur when they are not 
needed (i.e. in rest) and to find out if patients recuperate 
after physical activity (i.e. during recovery). 

MATERIALS AND METHODS

Patients
The patients were recruited from among new clients of an 
outpatient clinic for rehabilitation and medical fitness 
(Energy Control, Weesp, the Netherlands). Clients (self-
referred) who wanted to attend a training at the outpatient 
clinic, were asked to participate in the current study when 
they met the following inclusion criteria: 18 to 65 years  
of age, prolonged complaints of fatigue as a main or impor-
tant problem and suffering from functional impairments 
(e.g. constraints in everyday life). Patients who reported 
a somatic condition (e.g. cancer, HIV, multiple sclerosis 
or chronic obstructive pulmonary disease) which could ex-
plain fatigue complaints were excluded from participating 
in the study. All patients were enrolled within a period of 
five months.
Information about personal characteristics was collected, 
including the duration and subjective reasons for the com-
plaints of fatigue. At the same time, patients were asked 
about their activities in both work and home setting. 
A written informed consent was obtained from each par-
ticipant in this study. 
Previously collected pre- and post-HRV data from the out-
patient clinic were used to estimate the effect-sizes and de-
termine the sample-size of this study by a power analysis pro-
gramme (G*POWER) [24]. Fifteen patients were necessary 
to obtain a power value of 0.82 and an alpha of 0.05. A deci-
sion was made to include a total number of 16 patients. 

To date, researchers have not reached consensus about 
the aetiology of prolonged fatigue. One hypothesis is that 
fatigue develops from chronic stress reactions. A ‘stress 
alarm’ occurs when an individual experiences stress, for 
example when job demands are high and coping (i.e. the 
expectancy of being able to cope and handle the situation 
with a positive result) is low [8]. This alarm increases wake-
fulness and alertness (i.e. arousal) and can eventually lead 
to a dysfunction of the autonomic nervous system, particu-
larly with regard to the sympathetic nerves. Increased sym-
pathetic activity can be identified by increased heartbeats 
(i.e. decreased heart rate variability (HRV)) [9] and an in-
creased respiration rate [10]. These reactions can be seen 
as anticipation for action, and cause the body to consume 
more energy. The amount of glucose, which is used as fuel, 
increases with activity (e.g. [11]). When the body is in a state 
of sustained arousal (i.e. extra alert and active for a longer 
period of time), the energy supply is thus likely to be de-
pleted, possibly leading to fatigue, exhaustion and similar 
complaints. If they persist, such complaints can provoke 
problems at work and in the daily routine. Thus, chronic 
stress, resulting in overactive stress systems (e.g. autonomic 
nervous system), can lead to long-term adverse physiologi-
cal effects resulting in prolonged fatigue complaints [12]. 
The relationship between dysregulation of the autonomic 
nervous system and chronic fatigue complaints has been 
reported in several studies [13–15]. Interventions regard-
ing prolonged fatigue have focussed primarily on the cog-
nitive components of stress-related complaints and fatigue 
[16,17]. Considering those theoretical ideas, it seems that 
breaking through the vicious circle by means of an inter-
vention aimed at physiological and physical components 
may provide a number of interesting results. It appears 
that physiological parameters can be influenced by physical 
training in normal individuals. In addition, it is clear that 
physical training has positive effects in terms of increased 
HRV in healthy individuals [18–20] and in chronic heart 
failure patients [21–23]. However, the effects of physical 
training on physiological parameters in patients with com-
plaints of fatigue have not yet been studied. 
In this present study an established six-week intervention, 
consisting of endurance training, relaxation therapy and 
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A personal workout schedule was made based on the re-
sults of the peak exercise test. Heart rate limits thought 
to be corresponding to RQ-measures were used as refer-
ences, and patients were provided with heart-rate moni-
tors (Polar Electro) to monitor these limits during physical 
exercises. This personalized workout scheme was meant to 
ensure optimal training and prevent overload and increas-
ing complaints of fatigue. 
The training programme comprised three two-hour ses-
sions per week for a period of six weeks, and each session 
consisted of: 

‘Passive’ warming up for 15 minutes: Patients receive  —
a massage (through a massage mattress), magnetic-
field therapy and infrared therapy in supine position, 
to increase body temperature.
‘Active’ warming up for six minutes: Patients ride a bicy- —
cle at an intensity corresponding to an RQ of 0.70 and 
respiration rate up to 22 times×min-1, in order to in-
crease muscle temperature. During this exercise, extra 
oxygen (up to 35%) is applied through a nasal tube.
Exercises on the bicycle for 20 minutes, to increase  —
aerobic fitness: The intensity corresponds to an 
RQ of 0.85 and respiration rate between 22 and 26 
times×min-1. During this exercise, extra oxygen (up 
to 35%) is applied through a nasal tube.
Exercises (walking or rowing) for six minutes, to in- —
crease aerobic fitness: This exercise is performed at 
an intensity corresponding to an RQ of 0.93 and res-
piration rate between 26 and 30×min-1.
Strength exercises on a vibration platform (Power Plate® 
International, Badhoevedorp, the Netherlands) for 
a maximum of 20 minutes: seven exercises to strengthen 
the lower extremity (e.g. the buttocks, hamstrings, quad-
riceps and calves muscles). During each 30-second exer-
cise, the vibrations are set to a speed of 30 to 40 times 
per second. The frequency of the vibration platform 
during the exercises is 35 Hz, with amplitude between 
2 mm (20% of the exercises) and 4 mm (80% of the ex-
ercises), in a vertical direction.
‘Active’ cooling down for six minutes: Patients ride the  —
bicycle at an intensity corresponding to an RQ of 0.70 
and respiration rate up to 22 times×min-1, to decrease 

Protocol
A pre-post design with repeated measurements, at base-
line and at three and six weeks after baseline was used. On 
the assessment days, patients completed a questionnaire 
concerning their fatigue complaints. Secondly, patients 
remained in a sitting rest position, while heart rate and 
respiration signals were recorded for ten minutes, using 
the Co2ntrol recording device (Decon Medical Systems, 
Weesp, the Netherlands). Adhering to the test procedure 
of the clinic, patients performed a peak exercise test (see 
further below). The procedure ended with a recovery 
phase of ten minutes in sedentary position on the bicycle, 
while heart rate and respiration signals were recorded. 

Intervention
Prior to the above mentioned recovery phase, patients 
performed a peak exercise test on a bicycle-ergometer 
(EC-Bike 1000WS) to determine their physical status. 
This test, carried out by an exercise instructor, is part of 
a physical examination which the outpatient clinic uses 
to prepare a personal training programme. All patients 
who participated in the pilot study performed the exer-
cise test. 
Patients were not allowed to eat, or drink coffee for two 
hours before the bicycle exercise test. All tests were per-
formed using a standardized exercise test at the same time 
of day before and after the training period of three and six 
weeks. The workload was increased at a rate of 10 W×min-1 
for women and 20 W×min-1 for men, both starting with un-
loaded pedalling. The patients were instructed to continue 
pedalling at a rate of 70–75 rpm until volitional exhaustion. 
After the subjective maximum had been reached, patients 
remained cycling for five minutes at a resistance of 40% 
of their maximum performed load, in order to cool down. 
During the test, heart rate and respiration signals were re-
corded by the Co2ntrol recording device (Decon Medical 
Systems, Weesp, the Netherlands). The aerobic threshold 
(i.e. respiration rate of 30 times×min-1 and estimated Re-
spiratory Quotient (RQ) (V· CO2/V

· O2) of approximately 
1.00) was determined individually during the exercise test, 
using data from the Co2ntrol recordings (i.e. respiration 
rate, inhalation and exhalation time and chest extension).
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are determined from these R-tops with an accuracy of 1 
ms. Time-domain and frequency-domain (HRV) measure-
ments were calculated from these NN intervals. The elas-
tic chest strap, which the Co2ntrol is attached to, records 
chest expansion. To measure respiration rate, inhalation 
and exhalation times, chest extension and breathing sig-
nals are logged every 1 ms from these records. 
The Co2ntrol was developed according to the guidelines 
of the European and North American Task Force [27]. 
It was found to provide reproducible HRV and respiration 
rate measurements in both healthy individuals [28] and in 
patients with prolonged fatigue (Guijt, Sluiter and Frings-
Dresen, 2006; unpublished observation). 

Data analysis
Data reduction
Heart rate variability (HRV) was assessed by means of 
i) time-domain characteristics; the standard deviation 
of NN intervals (SDNN) and the square root of the mean 
of the sum of squares of differences between adjacent 
NN intervals (RMSSD) and ii) frequency-domain char-
acteristics; very low frequency (VLF) (0.003–0.05 Hz), 
low frequency (LF) (0.05–0.15 Hz), high frequency (HF) 
(0.15–0.4 Hz) and the ratio between low frequency and 
high frequency (LF:HF ratio), according to the guidelines 
of the European and North American Task Force [27]. To 
determine these measurements, data were transferred to 
HRV Analysis Software (http://venda.uku.fi/research/bi-
osignal) [29]. The Fast Fourier transform (FFT) option 
was used to determine the spectrum of HRV and RR se-
ries were re-sampled at a rate of 4 Hz using cubic interpo-
lation. To determine rest values, the final seven minutes of 
the ten minute recording period in sedentary resting posi-
tion were selected. To determine recovery values, the final 
five minutes of the ten minute recording period during the 
recovery phase were selected. The same data selection was 
used to determine the respiration rate. 

Statistical analysis 
To assess the changes in physiological parameters and fa-
tigue feelings after a six week physical training, analysis 
of variance between the measurements at baseline (t0), 

muscle temperature and remove residual products 
from the muscles.
Breathing exercises for 15 minutes, monitored by  —
Co2ntrol output, in order to provide visual feedback. 
Breathing exercises consist of practising a relaxing 
respiratory pattern: two seconds of inhalation, four 
seconds of exhalation and two seconds waiting before 
the next inhalation. This is thought to bring about an 
even breathing pattern and relaxation. Practising this 
respiration pattern was given as homework. 
‘Passive’ cooling down for 15 minutes: Patients receive  —
a massage (through a massage mattress), magnetic-
field therapy and infrared therapy in supine position 
for faster and better total recovery.

The workload of this programme increased each week: 
the 20-minute exercises increased by four minutes each 
week, while the exercise intensity remained at an RQ of 
0.85. After three weeks, the training programme was evalu-
ated (using the exercise test) and adjusted when necessary. 

Data collection 
Fatigue 
The Checklist Individual Strength (CIS), [25] was used to 
measure fatigue. The CIS consists of 20 statements that 
cover several aspects of fatigue. Each item is scored on 
a 7-point Likert scale (1 = Yes, that is true; to 7 = No, that 
is not true). The scores range from 20 to 140 and a total 
score can be calculated by adding all item scores. Higher 
score indicates a higher severity of fatigue complaints [25]. 
The CIS was found reliable (α = 0.90) [25] and the scale 
has been validated in the Dutch working population [26]. 

Physiological measures
Heart rate variability and respiration rate measurements 
were determined from the data collected following the 
protocol described above. These physiological measure-
ments were recorded using the Co2ntrol (Decon Medical 
Systems, Weesp, the Netherlands), a small and light device 
which is attached to a chest strap. The Co2ntrol detects 
R-tops of the QRS complexes in the beat-to-beat heart 
rate signal. The normal-to-normal (NN) intervals (i.e. the 
normal RR intervals between adjacent QRS complexes) 
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RESULTS

Personal characteristics
Eighteen patients (7 men and 11 women) were includ-
ed in the sample. Ages varied between 20 and 63 years 
(mean = 48 years, SD = 11.8). At baseline, two patients 
were working full-time, three worked part-time and 13 
were unemployed. Sixteen out of 18 patients completed 
the entire six-week training programme. Two patients 
dropped out, one because of back problems and one be-
cause of lack of motivation. The mean number of training 
sessions was 17 (SD = 1.0) in the six-week period, with 
a frequency of approximately three sessions a week. 

at three weeks (t1) and six weeks (t2) from baseline was 
conducted. Differences in the variables (i.e. rest and re-
covery values of HRV and respiration rate and the fatigue 
score) were compared using the General Linear Models 
procedure for repeated measurements. A post-hoc multi-
ple-comparisons procedure was followed to test significant 
differences between test moments. Values of p < 0.05 were 
considered statistically significant. The statistical analyses 
were performed using SPSS version 12.0.1 for Windows 
(SPSS Inc., Chicago, IL, USA). In addition, the results of 
the physiological characteristics were described separately 
for men and women. 

Table 1. Number of patients (men and women), mean values, standard deviations (SD) and p-values before (baseline) and after treat-
ment (three and six weeks) on heart rate variability (SDNN, RMSSD,VLF, LF, HF and LF:HF ratio), respiration rate and fatigue, 
based on General Linear Model (GLM) analysis

Variable N
Baseline (t0) Three weeks from 

baseline (t1)
Six weeks from 

baseline (t2) GLM

Mean (SD) Overall p-values
HRV rest

SDNN (ms) 16 29 (12.0)  39 (23.4)*  40 (23.6)* .02
RMSSD (ms) 16 21 (12.2)  26 (15.4)  30 (19.1) .07
VLF (ms2) 16 56 (34.3)  53 (36.6)  88 (77.5)* .04
LF (ms2) 16 318 (280.9)  761 (895.0)* 809 (989.4)* .04
HF (ms2) 16 104 (99.9)  144 (181.5)  138 (117.2) .55
LF:HF (%) 16 4.8 (3.86)  6.6 (5.84)  5.6 (3.86) .12

HRV recovery
SDNN (ms) 16 12 (5.1) 13 (8.3) 13 (8.4) .69
RMSSD (ms) 16 6 (2.9)  7 (4.9)  6 (4.8) .28
VLF (ms2) 16 20 (22.8) 18 (27.4) 12 (8.8) .46
LF (ms2) 16 54 (40.2) 97 (129.7) 95 (126.8) .18
HF (ms2) 16 9 (12.6) 24 (54.0) 19 (43.4) .30
LF:HF (%) 16 9.9 (7.08) 12.3 (12.35) 9.2 (8.16) .60

Respiration Rate rest 
(breaths×min-1)

14 11.8 (4.65)  8.8 (3.89)*  8.1 (2.57)** .001

Respiration Rate recovery 
(breaths×min-1)

14 15.1 (4.90)  10.4 (3.38)*  10.4 (2.97)* .001

Fatigue  
(total CIS score, range 20–140)

16  106 (13.3)  87 (22.5)***  78 (21.8)*** .001

HRV rest — heart rate variability during rest.
HRV recovery — heart rate variability during recovery.
SDNN — standard deviation of NN intervals.
RMSSD — square root of the mean of the sum of squares of differences between adjacent NN intervals.
VLF — very low frequency (0.003–0.05 Hz).
LF — low frequency (0.05–0.15 Hz).
HF — high frequency (0.15–0.4 Hz).
Post-hoc analysis within subjects (compared to t0): *p < 0.05; **p < 0.01; ***p < 0.001.



O R I G I N A L  P A P E R S         M. JOOSEN ET AL.

IJOMEH 2008;21(3)242

to 10.4 b×min-1 (SD = 3.38) after three weeks, and to 
10.4 b×min-1 (SD = 2.97) after six weeks. The p-values 
between baseline and three weeks and between baseline 
and six weeks were both 0.001 (Table 1). 

Fatigue

Duration of fatigue complaints ranged from six months to 
22 years at the start of the training. Twenty-two percent of 
all patients attributed their complaints to work character-
istics; 11% reported that the complaints had been caused 
by private psychosocial factors, 50% reported that a com-
bination of these two factors caused their symptoms and 
6% attributed their symptoms to something else. 
Significant differences in mean CIS scores, which rep-
resent fatigue complaints, were found between the 
three measurements in time. A significant decrease 
(p = 0.001) of the mean fatigue values was noted, from 
106 (SD = 13.3) at baseline, to 87 (SD = 22.5) after three 
weeks, and to 78 (SD = 21.8) after six weeks. Post-hoc 
analysis showed that the differences were significant across 
all three groups. The p-value between baseline and three 
weeks was 0.001, and between baseline and six weeks, the 
value was also p = 0.001 (Table 1).
To give an impression on how gender may have influenced 
the results, the results of HRV and respiration rate analy-
sis are described separately for women and men in Table 2 
and 3, respectively. 

DISCUSSION

The main results of this pilot study suggest that after phys-
ical training, patients with fatigue complaints experience 
beneficial changes in HRV, respiration rate and fatigue. 
A significant increase in HRV (determined by rest SDNN, 
VLF and LF indices) was observed after the training. 
A trend towards increased HRV was found in the remain-
ing HRV rest values. Non-significant changes in HRV re-
covery values were found in rest after the training. Thus, 
beneficial HRV changes can be observed in rest, but pa-
tients did not recover faster from physical exertion after 
six weeks training. To our knowledge, few if any studies 

Heart rate variability 

As shown in Table 1, the mean resting SDNN values in-
creased significantly (p = 0.02) from 29 ms (SD = 12.0) 
at baseline to 39 ms (SD = 23.4) after three weeks, and 
to 40 ms (SD = 23.6) after six weeks. Post-hoc analysis 
showed that changes between baseline and three weeks 
and between baseline and six weeks were significant (not 
shown in Table 1: both p = 0.03). 
There was no significant difference between baseline and 
follow-up tests on RMSSD rest values (p = 0.07). 
Two out of three frequency-domain characteristic showed 
significant results: VLF power in rest increased from 56 ms2 

(SD = 34.3) at baseline to 88 ms2 (SD = 77.5) after six 
weeks. Post-hoc analysis showed a significant change 
between baseline and six weeks (p = 0.05). LF power 
in rest increased from 318 ms2 (SD = 280.9) to 809 ms2 
(SD = 989.4) after six weeks with post-hoc tested signifi-
cant changes between baseline and three weeks and six 
weeks (p = 0.03 and p = 0.05 respectively). Furthermore, 
in rest, HF power increased non-significantly from 104 ms2 
(SD = 99.9) to 138 ms2 (SD = 117.2) after six weeks. The 
LF:HF ratio increased, but the changes were not signifi-
cant. 
As for the recovery measurements, neither frequency-do-
main parameters nor time-domain parameters did show 
significant changes between baseline and follow-up tests 
(Table 1).

Respiration rate

The mean rest respiration rate values decreased signifi-
cantly (p = 0.001) from 11.8 breaths×min-1 (SD = 4.65) 
to 8.8 b×min-1 (SD = 3.89) after three weeks, and 
to 8.1 b×min-1 (SD = 2.57) after six weeks from baseline. 
Post-hoc analysis showed that the difference between 
baseline and three weeks was significant (p = 0.014), 
as was the difference between baseline and six weeks 
(p = 0.003) (Table 1). 
The mean recovery respiration rate values also changed 
significantly (p = 0.001) between the three measurement 
points, with mean values from 15.1 b×min-1 (SD = 4.90) 
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eight weeks of cardiac rehabilitation [23]. As for the VLF 
component, a significant change was observed after the six 
weeks training period. However, physiological interpreta-
tion can not be made, since VLF power is a dubious mea-
sure [27].
Large variations in individual effects were found within 
and between genders (Table 2 and 3), especially in the LF 
and HF power components. Post-hoc analyses showed that 
the individual LF power differences in women between 
baseline and six weeks training ranged from –180 ms2 
to 3439 ms2. In men, individual changes between baseline 
and six weeks training ranged from –32 ms2 to 425 ms2. 
Additional analysis of the HF power component showed 
relatively even larger individual differences within men 
and women. These differences were partly due to some 
extreme values but may have influenced the results since 
previous studies found that aging is associated with a re-
duction in parasympathetic control and that autonomic 

have investigated the effects of physical training in pa-
tients with complaints of fatigue. Nonetheless, the results 
of several previous studies that used different populations 
are consistent with our present results [18,21]. These stud-
ies showed increased HRV (SDNN, HF, LF, and/or LF:HF 
ratio components) after physical training in healthy indi-
viduals and in chronic heart failure patients. 
HRV components: SDNN, RMSSD and HF power are 
known to be mediated by vagal activity and an increase of 
these components therefore indicates an increase of para-
sympathetic activity [23,30]. The interpretations of LF 
power and LF:HF ratio are somewhat controversial. The 
ratio between LF and HF power is the sympathovagal bal-
ance, but lacks physiological base [20]. LF power is by some 
considered as a mediator of both the parasympathetic and 
sympathetic nervous system [27]. The increased LF power 
found in this study may seem in contrast with this explana-
tion, but has been found before by Sandercock et al. after 

Table 2. Number of patients (women), mean values and standard deviations (SD) before (baseline) and after treatment (three and six 
weeks) on heart rate variability (SDNN, RMSSD, VLF, LF, HF and LF:HF ratio) and respiration rate

Variable N
Baseline  

(t0)
Three weeks from baseline 

(t1)
Six weeks from baseline  

(t2)
Mean (SD)

HRV rest
SDNN (ms) 11 32 (11.5) 46 (24.0) 46 (24.5)
RMSSD (ms) 11 24 (12.7) 31 (15.6) 35 (20.1)
VLF (ms2) 11 60 (34.3) 58 (38,7) 84 (72.3)
LF (ms2) 11 382 (302.9) 1038 (961.8) 1046 (1104.2)
HF (ms2) 11 127 (107.0) 183 (206.7) 166 (122.1)
LF:HF (%) 11 4.6 (3.69) 7.4 (6.18) 6.2 (4.34)

HRV recovery
SDNN (ms) 11 13 (5.5) 13 (7.5) 13 (8.0)
RMSSD (ms) 11 6 (3.1) 6 (4.0) 6 (4.5)
VLF (ms2) 11 23 (26.1) 15 (26.0) 13 (9.3)
LF (ms2) 11 55 (41.0) 92 (97.7) 95 (114.2)
HF (ms2) 11 10 (13.8) 13 (20.2) 10 (11.0)
LF:HF (%) 11 9.2 (7.03) 12.9 (11.96) 8.6 (8.57)

Respiration Rate rest 
(breaths×min-1)

10 10.3 (4.21) 6.7 (1.56) 6.9 (1.37)

Respiration Rate recovery 
(breaths×min-1)

10 13.5 (4.32) 9.0 (2.43) 9.5 (2.16)

Abbreviations as in Table 1.
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patients might have been able to decrease their respiration 
rate. An alternative explanation for the findings is that the 
decreases in respiration rate were due to the combination 
of breathing exercises with physical training, which was an 
important component of the programme. 
A significant decrease in fatigue symptoms was found. 
All patients experienced fewer complaints at the end of 
the intervention period, compared to baseline. At base-
line, a mean CIS score over 100 was found. This score was 
only slightly lower than the total CIS score of patients with 
chronic fatigue syndrome (mean = 113) [25], but higher 
than the total score for patients reporting mental reasons 
for fatigue (mean = 90) [26]. Furthermore, the personal 
CIS scores are also worth mentioning. At baseline, all pa-
tients had CIS scores above 76 (range from 86 to 129), 
which was determined as the cut-off point for chronic 
fatigue [31]. This cut-off point can be associated with in-
creasing risk level for sick leave or work disability. After 

differences are gender-specific [20]. However, in this study, 
no indications of even intermediate correlations between 
age and gender and any HRV component and respiration 
measurement were found after post-hoc analysis. Because 
of the small number of subgroups of patients included in 
this study, we did not test these indications statistically. 
As hypothesized, the second physiological parameter, res-
piration rate, decreased significantly. The results show that, 
with the exception of two individuals, the respiration rate 
of all patients decreased both during rest and during recov-
ery after physical exertion. A possible explanation is consis-
tent with the authors’ hypothesis: chronic stress reactions, 
which were assumed to occur in this population, might have 
been reduced due to relaxation, exercise or a combination 
of the two. The reduction of chronic stress reactions may 
decrease the stress alarm and thereby reduce the sympa-
thetic activity. In combination with the relaxing brea thing 
impulses that are given during the breathing exercises, 

Table 3. Number of patients (men), mean values and standard deviations (SD) before (baseline) and after treatment (three and six 
weeks) on heart rate variability (SDNN, RMSSD, VLF, LF, HF and LF:HF ratio) and respiration rate

Variable N
Baseline 

(t0)
Three weeks from baseline 

(t1)
Six weeks from baseline 

(t2)
Mean (SD)

HRV rest
SDNN (ms) 5 22 (10.9) 22 (10.3) 27 (17.1)
RMSSD (ms) 5 14 (7.8) 15 (9.1) 18 (11.6)
VLF (ms2) 5 47 (36.8) 41 (32.1) 99 (96.1)
LF (ms2) 5 177 (174.8) 151 (117.6) 287 (356.8)
HF (ms2) 5 54 (65.3) 57 (54.9) 76 (85.9)
LF:HF (%) 5 5.2 (4.63) 5.0 (5.24) 4.2 (2.31)

HRV recovery
SDNN (ms) 5 10 (4.4) 13 (10.8) 12 (10.2)
RMSSD (ms) 5 4 (2.1) 9 (6.7) 6 (6.2)
VLF (ms2) 5 14 (13.4) 23 (32.9) 9 (7.8)
LF (ms2) 5 54 (42.9) 110 (197.3) 93 (166.3)
HF (ms2) 5 7 (10.7) 47 (94.8) 37 (78.3)
LF:HF (%) 5 11.6 (7.69) 10.9 (14.52) 10.4 (7.95)

Respiration Rate rest 
(breaths×min-1)

4 15.6 (3.81) 14.0 (2.68) 11.2 (2.26)

Respiration Rate recovery 
(breaths×min-1)

4 19.1 (4.25) 13.7 (3.27) 12.6 (3.88)

Abbreviations as in Table 1.
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clinically relevant decrease in fatigue complaints after the 
training programme. These results seem promising for 
successful treatment of patients with prolonged and se-
vere fatigue complaints.
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