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SUMMARY

Heart rate variability (HRV) is a measure of the beat-to-beat variations in heart rate related to the work of
autonomic nervous system. It may serve as a psychophysiological indicator for arousal, emotional state and stress
level. We used this parameter in both the assessment and biofeedback training, for dealing with five groups of
common mental health problem in school children (anxious-phobic, somatoform, obsessive-compulsive, atten-
tion deficit hyperactivity and conduct disorders). The obtained results were compared with healthy children at
the same age. In order to define the four main characteristics of personality (extroversion/introversion, neuroti-
cism/stability, psychopathological traits and honesty) Eysenck Personality Questionnaire was applied. Results
showed significantly higher psychopathological traits in ADHD and somatoform group, lower extroversion in
somatoform, higher neurotism in OCD and lower lie scores in ADHD and OCD groups. As HRV instrument we
used Heart Math Freeze-Framer System. After 15 sessions of training, children from nearby all groups showed
improved high and medium HRV which corresponded to the improved clinical outcome. Hereby, the best results
were obtained for conduct and anxiety disorder, and the worst for ADHD.
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1. INTRODUCTION

The cardiac system demonstrates
continuous variations in heart rate.
In recent research better understand-
ing of the nature of these variations is
acquired, postulating that more cha-
otic heart rates are healthier than the
steadier ones.

Heart rate variability (HRV) is a
measure of the continuous interplay
between sympathetic (SNS) and para-
sympathetic (PNS) influences on heart
rate that yields information about auto-
nomic flexibility and thereby represents
the capacity for regulated emotional
responding (Appelhans, 2006). HRV
is direct psychophysiological measure
for arousal, emotional state and stress
level. (Andreassi, 2000; Schwartz & An-
drasik, 2003).

The starting point of the frequency-
based HRV analyses is the fact that the
variations in heart rate produced by
SNS and PNS activity occur at differ-
ent speeds, or frequencies. SNS is slow
acting and mediated by norepinephrine
while PNS influence is fast acting and
mediated by acetylcholine.

Since the original report by Wolf et
al. (1978) analysis of spontaneous vari-
ations of beat-to-beat intervals has be-
come a valuable tool, familiar to clini-
cal cardiologists.

In 1987, Kleiger and coworkers pub-
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lished a pioneering work demonstrat-
ing that reduced heart rate variability
was capable of identifying a subgroup of
subjects with increased cardiac mortal-
ity after myocardial infarction and that
its predictive value was independent of
traditional clinical risk-stratifying fac-
tors. It was originally proposed that re-
duction in HRV mightreflect an auto-
nomic imbalance characterized by in-
creased sympathetic and reduced va-
gal activity. This interpretationwas also
supported by indirect findings, showing
atendencytoward faster heart rates and
asmaller day-night heart rate difference
observed in these patients.

Two major theories (polyvagal and
neurovisceral) causally relate auto-
nomic flexibility, represented by HRV,
and the capacity for regulated emo-
tional responding (Appelhans and Lu-
ecken, 2006).

Polyvagal theory is based on an evo-
lutionary explanation that the ANS has
been developed in stages to deal with
changes in the environment and re-
spond effectively. The last component
developed, the ventral vagus complex,
physically connects with the facial mus-
cles, voice production, and other so-
cially important behaviors, which cre-
ates a physical connection between the
heart and emotional expression.

Neurovisceral integration theory
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gives an integrative explanation about
evolutionary forces which led to the
development of a rapidly responding
vagus nerve to support appropriate
emotional expression and regulation
through connections with the cortex,
limbic system, and brainstem. By inhib-
iting other potential responses through
synaptic activity in the brain and vagal
activity in the body, the central auto-
nomic network acts as a neurophysio-
logical command center governing cog-
nitive, behavioral, and physiological el-
ements into regulated emotion states.

Both theories presented above are
similar in that they (a) specify a criti-
cal role for parasympathetically medi-
ated inhibition of autonomic arousal in
emotional expression and regulation
and (b) maintain that HRV measures
are informative about individuals’ ca-
pacity for this aspect of regulated emo-
tional responding.

Some empirical research with HRV
(Coumel, 1991; Dreifus, et all. 1993;
Kleiger, 2005) showed that:

+ Higherlevels of resting HRV have
been associated with effective
coping strategies

+ Attention control is associated
with higher HRV

o Low HRV happened to be an in-
dependent risk factor for several
negative cardiovascular outcomes

+ Low HRV is a proxy for underly-
ing cardiovascular disease pro-
cesses

+ Patients with generalized anxiety
disorder show lower HRV than
controls

+ Low HRV has been associated
with depression.

+ Inclinical practice HRV training
was used for prevention of cardiac
diseases, to control high anxiety,
depression and stress level, as well
as to evaluate the stages of sleep
(Haines, 1987; Kawachi, 1992,
1994, 1995; Agelink, 2002; Song,
2003; Nahshoni, 2004; Siepmann,
2008; Thomas, 2008; Kaniusas,
2008; Swanson, 2009). Sharpley
et all (2000) showed increased risk
for cardiovascular disease related
to rapid and dramatic increase in
heart rate reactivity to a stressor
task. In a recent study (Ebben,
2009) HRV training was applied
for diminishing sleep problems.

The clinical relevance of HRV in pe-
diatrics was first appreciated in 1965
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when Hon and Lee noted that fetal dis-
tress was preceded by alterationsin in-
terbeat intervals before any apprecia-
ble change occurredin heart rate itself.
Thereafter, HRV training was applied
in children with bronchial asthma,
heart failures or brain damages (Mas-
sin, 1998; Gurjanova, 2008).

Various measures of heart rate vari-
ability have been proposed, which can
roughly be subdivided into time do-
main and frequency domain (Amara,
1997; Lombardi. 2000).

The calculation of the standard de-
viation of beat-to-beat intervals (whose
square is referred to as variance or
mean power) is an example of a time
domain measure. In other words, the
time intervals between heart beats can
be statistically analyzed to obtain in-
formation about the autonomic ner-
vous system. This approach includes
root mean square of the differences be-
tween successive heart beat intervals
(rMSSD), the number of normal to nor-
mal complexes greater than 50 millisec-
onds (NN50), and the percentage of to-
tal number of beats (pNN50).

A common frequency domain
method is the application of the dis-
crete Fourier transform to the beat-to-
beat interval time series. This provides
an estimation of the amount of vari-
ation at specific frequencies. A simi-
lar procedure is used for calculation of
EEG spectral power in the assessment
of children with ADHD (Pop-Jordan-
ova, 2009). In this context, concern-
ing ECG spectra, several frequency
bands of interest have been defined in
humans.

The power spectrum of the HR is di-
vided into four main frequency ranges.
The ultra low frequency range (ULF)
(< 0.003 Hz) is the slowest component
and can be measured only in long term
(24 hours) recordings. The very low fre-
quency range (VLF) (0.0033 to 0.04 Hz),
representing slower changes in heart
rate measurable in shorter record-
ings, is an index of sympathetic activ-
ity, while power in the high frequency
range (HF) (0.15 to 0.4 Hz), represent-
ing quicker changes in heart rate, is pri-
marily due to parasympathetic activ-
ity. The intermediate frequency range
around the 0.1 Hz region is called the
low frequency (LF) band and is often
referred to as the bar receptor band,
because it reflects the blood pressure
feedback signals sent from the heart

back to the brain, which also affect the
HRV waveform. This band is more com-
plex, as it can reflect a mixture of sym-
pathetic and parasympathetic activity
(Schwartz& Andrasik, 2003)

Several factors influence the accu-
racy and usefulness of the measured
HRV components. These include the
duration of the recording and the ef-
fect of the various physical and physi-
ological changes that occur during the
recording period (Pagani, 1986; Fri-
esen, 1990).

Asa dynamic marker, HRV appears
to be sensitive and responsive to acute
stress. As a marker of cumulative life
experience, HRV has also been shown
to decline with the aging process. In
short, HRV appears to be a marker of
two processes: (1) frequent activation
(short term dips in HRV in response
to acute stress), and (2) inadequate re-
sponse (long-term vagal withdrawal, re-
sulting in the over-activity of the coun-
ter-regulatory system).

The aim of this study was to evalu-
ate HRV in the assessment and therapy
of some common mental health disor-
ders in children.

2. METHODS

2.1. Participants

Five groups of children have been
evaluated: a) children with anxious-
phobic symptoms, N = 15, mean age
12.5 + 2.25 years; b) children with so-
matoform problems, N =15, mean age
10.92 + 2.06; ¢) children with obsessive-
compulsive manifestations (OCD), N =
7; mean age 14.5 £ 2.20; d) children with
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ADHD, N = 10, mean age 10.5 +.1.80 ¢)
children with conduct disorders (CD),
N =12, meanage 11.5 + 1.52; and f) con-
trol group, N = 15 children, mean age
10.18 + 1.33. All of examined children
(N =74) were of similar age (ANOVA p=
0.80) which is important for the com-
parison of obtained results.

The diagnosis is made according
ICD-10 classification by the team con-
sisted of pediatrician-psychophysiol-
ogist, clinical psychologist and child
neurologist. All children were outpa-
tients at the Pediatric Clinic, Faculty
of Medicine, Skopje.

2.2.Procedure

In the assessment procedure inter-
views with parents and children and
psychometric evaluation with Eysenck
Personality Questionnaire (EPQ) are
used. EPQ (Eysenck and Eysenck, 1975;
Hathaway, 1965) is used for discrimi-
nating four main psychological char-
acteristics of the personality: extro-
version/ introversion; neurotic tenden-
cies/ stability; psychopathologic traits/
normal behavior and control lie-scale.
Most important for the study was to
discriminate extrovert/ introvert chil-
dren which is significant for mental
arousal (Pop-Jordanova and Pop-Jor-
danov, 2005)

Eysenck Personality Inventory (EPI)
is a self-report personality inventory
which assumes three basic factors (the
two most important being extraver-
sion to introversion and neuroticism).
In previous studies we used this in-
strument for differentiation the per-
sonality traits in children with chronic
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FIGURE 1. Screenplay for Heart Math Freeze-Framer System
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diseases (Pop-Jordanova, 2008), men-
tal anorexia and adiposity (Pop-Jor-
danova, 2000) as well as somatoform
disorders and ADHD (Pop-Jordanova,
2009). For clinical analyses, we devel-
oped a computer-based expert system
(Pop-Jordanova and Boskovska, 1985).
The stability, validity and reliability of
scales in EPI and EPQ was confirmed
in many studies (Lajunena & Scherler,
1998; Verghese, 1972, Pryke. 1977, Ey-
senck and Eysenck, 1985, 1986, 1988)
As biofeedback instrumentation we
used Heart Math Freeze-Framer Sys-
tem (1998). This relatively simple sys-
tem is constructed to help in following
area: to shift intentionally to more pos-
itive emotional state; to help in better
problem solving; to maintain general
health and physical resilience; to trans-
form the stress into positive relation-
ships and to help in effective dealing

Score | Amdous D ADHD | Somatoferm | 6en | control
phobic disorders
5.82+2.12| 6.37+2.34 5.37+1.86 8+4.66| 6.25£2.94
i p=027| p=034 p=0004**| p=005* p-o3 *+86+209
E 14.36+£5.15| 15.25+4.29 17.75£3.11 11.242.95| 14.75+2.27 17.241.42
p =0.062 p=03 p=0.63 | p=0.0004** p=072 T
14.454£3.79 | 13.62+4.99 15.371£2.86 14.4+4.22 1314
+
N p=0.13 p=55 p=0.11 p=0.11 p =0.02* 1224338
14.271£3.0 12.8+4.0 11.5+3.39 15.3+2.7 11.5+2.69
+
L p=0.098 p=0.11 p =0.003** p=0.46 p=0.03* 1613£2.29
*p<0.05; ** p< 0.005, P= psychopathological traits; E=extroversion; N=neurotic tendencies; L=lie scale

TABLE 1. Results obtained for EPQ_

SSeffect| dfeffect| mseffect| sserror| dferror| mserror f P
low first 60,82 34 1,78 13,66 6 2,27 0,78 0,7
medium first 48,48 30 1,61 26 10 2,6 0,62 0,84
high first 41,98 17 2,46 32,5 23 141 1,74] 01
low last 58,82 29 2,02 15,66 11 1,42 1,42 0,27
medium last 61,15 30 2,03 13,33 10 1,33 1,52 0,24
high last 51,07 20 2,55 23,41 20 1,17 2,18 | 0,044

TABLE 2. ANOVA for low, medium and high HRV, the first and last session

was: be calm, breath
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deeply and try to think
about pleasant situa-
tions or persons. Af-
ter the assessment, 15
training sessions are
applied. The dynamic
of HRV changes during
one whole session for
one patient is presented
on the Figure 1.

The obtained results
were statistically elabo-
rated with: ANOVA for

FIGURE 2. Changes of heart rate (first and last session) for different

groups

first and last sessions
of all groups and Stu-
dent t-test for differ-

ences between groups
(Word package Statistics

% Anxiety disorder
60 -

50 -
40
30 -
20 -

10 -

low medium high

7). The applied biofeed-
back system shows heart
rate changes during ev-
ery training session. The
duration of all sessions
is about 16 minutes and
included basic recording
and two games (meadow
and balloon). Calculated

B first session

Hlastsession

FIGURE 3. HRV spectra for children with anxiety, * p< 0.05; ** p<

0.01

mean values and stan-
dard deviations of the

with stress. It is supposed that effective
emotional regulation depends on being
able to flexibly adjust the physiological
response to a changing environment.
The patients were sitting in a com-
fortable chair, in a quiet room, along
with the practitioner. The instruction
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first and last session are
used for t-test. In addi-
tion, the system shows the high, mean
and low entertainment level ratio in ev-
ery session.

3. RESULTS AND DISCUSSION
Results obtained for EPQ for all group
of children are presented on Table 1.
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The comparison of EPQ scores be-
tween groups showed significant differ-
ence in P score between anxious-pho-
bic and ADHD group (p = 00022), and
conduct disorder and ADHD (p = 0.03).
Children with ADHD and with somato-
form problems differ significantly in L
scores (p = 0.007) as well as in N scores
(p = 0.007).

Generally, all children manifesting
some mental health problem showed
lower scores for extroversion and
higher scores for neuroticism, com-
pared to the control group. It can be
supposed that all these children have
higher inner mental arousal compared
with healthy children. It means that
“brain-rate” (spectrum-weighted fre-
quency) is higher in eyes closed than
in eyes open condition (Pop-Jordanova
and Pop-Jordanov, 2005). This finding is
important for the choice of biofeedback
modality. Namely, for introvert per-
sonalities, manifesting so called “inner
arousal” (calculated with brain-rate for-
mula), the application of peripheral bio-
feedback modalities is a better choice.
In this context peripheral biofeedback

the zone-accumulated

Disorder entrainment score
Anxiety 30
Conduct disorders 32,5
ADHD 10,62
St 20
OCD 20

TABLE 3. Results for zone-accumulated score (%)
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% Somatoform
70 4

60 -

50 4

*
low medium high

*
40 -
30 4
*
20 -
10 4
0 -

they diminished the low
and raised the high HRV
scores.

For children with so-
matoform problems (Fig.
4) it was obtained sig-
nificant changes in all
spectral HRV parame-
ters (low, high and me-

mfirst session

W last session

FIGURE 4. HRVspectra in somatoform group, *p< 0.05

dium, p< 005). From the
clinical aspect, only the

higher medium HRYV is

% ocb
60

50 -

*
low medium high

B
40 -

30 M

20

10 |

0

a positive outcome. Chil-
dren did not succeed to
raise the high part of
HRV.

Changes of HRV in
the OCD group are pre-
sented on Figure 5. It is
clear that with the train-
ing children learned to

Hfirst session

mlastsession

FIGURE 5. HRVspectra in children with obsessive-compulsive

disorder, * p< 0.05

obtain higher medium
and high part of spectra

which is important for

% ADHD

80
70 -
60 -
50 -
40 -
30 1
20
10

low medium high

the clinical outcome.
From Figure 6 it
is clear that children
with ADHD did not
succeeded to change
high part of HRV which
would be good from
the clinical point of
view. Simultaneously,
some previous studies
(Rossier, 2004; Merkel,

H first session

W lastsession

FIGURE 6. HRV spectra for children with ADHD

2000; Monastra, 2002;
Pop-Jordanova, 2009)

based on HRV was chosen also for this
study. The aim of HRV training is to
obtain higher HRYV, shifting simultane-
ously the EEG spectrum toward lower
frequency range.

In the following, we present the re-
sults obtained with biofeedback HRV
in different group of children.

On Figure 2, heart rate for first and
last session for different groups is pre-
sented. It can be seen

showed effectiveness of
central biofeedback (neurofeedback)
in ADHD children. This is in accor-
dance to the pathophysiology of the
disorder: deficit of the executive fron-
tal lobe function.

On Figure 7 changes obtained in
HRYV with the training for conduct dis-
order are divided in relation to spectra.
It is important that we obtained signif-
icant improvement of high HRV (p<

that maximal changes [ «
are obtained for obses- |[n0
sive-compulsive, con- 60
duct disorders and anx-
iety. It means that with
training almost all chil-
dren, except ADHD
group, learned to di-
minish heart rate. low

40 -

30 4

20 4

10 +

Conduct disorder

m first session

u lastsession

.

medium high

Anxiety group (Fig.
3) showed very good re-

/ **5< 0,01
sults concerning HRV;

FIGURE 7. HRVspectra in children with conduct disorder,
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0.01) which is very good from the clin-
ical aspect, along with diminishing the
low HRV (p <0.01).

On the Table 2, Analysis of Variance
(ANOVA) for the first and last train-
ing session concerning low, medium
and high HRV for all five groups is pre-
sented. As can be seen, only in the high
HRV significant difference of variance
is obtained. It is in correlation with the
clinical outcome.

Not significant correlations be-
tween age and low, medium and high
HRV have been obtained. In addition,
no correlations between age and scores
obtained from EPQ were found.

The zone-accumulated entrainment
score shows the percentage of success-
fulness (high HRV) during all train-
ing sessions (Table 3). The maximum
is 100% which is practically impossi-
ble to reach. However, the higher score
means more successful changes in long
duration of HRV.

The results obtained with biofeed-
back calculated directly through the
instrument happened to be the best
in the group with conduct disorder as
well as for children with general anxiety
(32.5 and 30 respectively), but it is also
good for OCD and somatoform disor-
ders. For ADHD group this parameter
is minimal. It means that peripheral
biofeedback is not a good choice for
ADHD children.

In general, this study shows that
HRV as a peripheral biofeedback could
be good choice especially for introvert
children manifesting common men-
tal health problems. The application is
non-invasive, has good cost-benefit and
the included games are very interesting
for children.

4. CONCLUSIONS

All school children with mental
health problems we dealed with in this
study (anxiety disorders, somatoform,
obsessive-compulsive, ADHD, and con-
duct disorders) showed significant dif-
ferences in EPQ scores (especially for
psychopathological traits, introversion
and neurotic tendencies) compared
with the healthy ones.

Heart rate data have reflected vari-
ous physiological states such as biolog-
ical workload, stress and concentration
on tasks, drowsiness and the active state
of the autonomic nervous system.

HRYV training showed very positive
influence concerning the clinical out
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come, especially for children with con-
duct and anxious-phobic disorders, but
also partially for obsessive-compulsive
and somatoform disorders.

HRV training happened to be not
too much efficient for ADHD group,
whereby EEG biofeedback may be more
suitable. This could be explained by the
primary role of CNS executive function
in ADHD.

REFERENCES

1. Agelink MW.,, Boz C., Ullrich H., Andrich J.
(2002). Relationship between major depres-
sion and heart rate variability. Clinical con-
sequences and implications for antidepressive
treatment. Psychiatry Research, 113:139-149.

2. Amara CE., Wolfe LA. (1998). Reliability of
noninvasive methods to measure cardiac auto-
nomic function. CanJ Appl Physiol, 23:396-408

3. Andreassi J.L. (2000). Psychophysiology, Hu-
man Behavior and Physiological Response,
Lawrence Erlbaum Associates Pub., London

4.  Appelhans BM., Luecken LJ. (2006). Heart
Rate Variability as an Index of Regulated Emo-
tional Responding. Review of General Psychol-
ogy. 10:229-24

5.  Coumel PH., Hermida JS., Wennerblém B.,
Leenhardt A., Maison-Blanche P., Cauchemez
B. (1991). Heart rate variability in myocar-
dial hypertrophy and heart failure, and the ef-
fects of beta-blocking therapy: a non-spectral
analysis of heart rate oscillations. Eur Heart
J., 12:412-422

6.  Dreifus LS., Agarwal JB., Botvinick EH., Fer-
dinand KC., Fisch C., Fisher JD., Kennedy JW.,
Kerber RE., Lambert CR., Okike ON., Prys-
towsky EN., Saksena SV., Schroeder JS., Wil-
liams DO. (American College of Cardiology
Cardiovascular Technology Assessment Com-
mittee) (1993). Heart rate variability for risk
stratification of life-threatening arrhythmias.
J Am Coll Cardiol 22:948-950

7. Eysenck HJ., Eysenck SBG. (1975). Manual of
the Eysenck Personality Questionnaire, Lon-
don, Hodder and Stoughton

8.  Friesen GM,, Jannett TC., Jadalloh MA., Yates
SL., Quint SR., Nogle HT.(1990). A comparison
of the noise sensitivity of nine QRS detection
algorithms. IEEE Trans Biomed Eng. 37:85-98

9. Gurjanova YM,, Igisheva LN., Galeev AP.
(2008). Some feature of Heart rate variabil-
ity in children with bronchial asthma, Kem-
erovo State Medical Academy, Russia, HRV
Congress.org

10. Haines AP., Imeson JD., Meade TW. (1987).
Phobic anxiety and ischemic heart disease. Br
Med ] 295: 297-299.

11. Heart Math Freeze-Framer System (1998), A
Scientifically Proven Technique for Clear Deci-
sion Making and Improved Health, DOC Chil-
dre, Planetary Publications, Boulder Creek, CA.
Edited by Bruce Cryer.

12. Hathaway SR. (1965). Personality Inventories
in: Handbook of Clinical Psychology, NY Edi-
tor: Wolman R.

13. HonEH., Lee ST. (1965). Electronic evaluations
of the fetal heart rate patterns preceding fetal
death: further observations. Am ] Obstet Gy-
necol ;87:814-826

14. KaniusasE., Varoneckas G., Alonderis A., Pod-
lipskyte A. (2008). Heart rate variability and
EEG during sleep using spectrum-weighted fre-
quencies- a case study, Manuscript for COST
B27, EU/ESF, Brussels.

15. Kawachi I, Colditz GA., Ascherio A., Rimm
EB., Giovannucci E., Stampfer MJ., Willett
WC. (1994). Prospective study of phobic anxi-

252

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

ety and risk of coronary heart disease. Circu-
lation 89: 1992-1997.

Kawachi L, Sparrow D., Vokonas PS., Weiss ST.
(1994). Symptoms of anxiety and risk of coro-
nary heart disease: The Normative Aging Study.
Circulation 90: 2225-2229.

Kawachi L, Sparrow D., Vokonas PS., Weiss ST.
(1995). Decreased heart rate variability in men
with phobic anxiety. AmJ Cardiol, 75: 882-885.
Kleiger RE., Miller JP., Bigger JT., Moss AR.
(1987). Multicenter Post-Infarction Research
Group. Decreased heart rate variability and
its association with increased mortality after
acute myocardial infarction. Am J Cardiol.
59:256-262.

Kleiger RE., Stein PK,, Bigger JT. (2005). Heart
rate variability: measurement and clinical util-
ity. Annals of Noninvasive Electrocardiology
,10:88-101

Lajunena T., Scherler HR. (1999). Is the EPQ Lie
Scale bidimensional? Validation study of the
structure of the EPQ Lie Scale among Finn-
ish and Turkish university students. Personal-
ity and Individual Differences 26 (4): 657—664.
Lombardi F. (2000). Chaos Theory, Heart Rate
Variability, and Arrhythmic Mortality, Circu-
lation, 101:8- 10

Lunghi M., Ryle A. (1969). The stability of scores
on the Eysenck Personality Inventory in univer-
sity population, The British Journal of Psychia-
try, 115: 1201-1202

Massin MM., Derkenne B., vonBermuth
G.(1998). Heart rate behavior in children with
atrial septal defect, Cardiology, 90,40: 269-273
Merkel LR., Cox D., Kovatchev B., Morris J.,
Seward R,, Hill R., Reeve R. (2000). The EEG
consistency index as a measure of Adhd and
responsiveness to medication, Applied Psy-
chophysiology and Biofeedback, 25(3): 133-142
Monastra VJ., Monastra DM., George S.(2002).
The effects of stimulant therapy, EEG biofeed-
back, and parenting style on the primary symp-
toms of attention-deficit/hyperactivity disor-
der. Applied Psychophysiology and Biofeed-
back, 27(4): 231-249

Nahshoni E., Aravot D., Aizenberg D., Sigler
M., Zalsman G., Strasberg B., Imbar S., Adler
E., Weizman A. (2004). Heart rate variability
in patients with major depression. Psychoso-
matics 45:129-134.

Pagani M., Lombardi F., Guzzetti S., Rimoldi
O., Furlan R, Pizzinelli P., Sandrone G., Mal-
fatto G., Dell’Orto S., Piccaluga E., Turiel M.,
Baselli G., Cerutti S., Malliani A. (1986). Power
spectral analysis of heart rate and arterial pres-
sure variability as a marker of sympathovagal
interaction in man and conscious dog. Circ
Res. 59:178-193.

Pop-Jordanova N., Boskovska V.(1995). EPI and
EPQ: The fuzzy reasoning expert systems in the
pediatric psychodiagnostic, Second Baltic Sea
Conference on Psychosomatic Medicine, June
11-14, Ronneby, Sweden, H.2

Pop-Jordanova N. (2000). Psychological char-
acteristics and biofeedback mitigation in pre-
adolescents with eating disorders, Pediatrics
International, 42, 1: 76-82

Pop-Jordanova N. (2003). Eating Disorders in
the Preadolescent Period: Psychological Char-
acteristics and Biofeedback Mitigation, Chapter
IIIin: Focus on Eating Disorder Research, Edi-
tor P. Swain, Nova Biomedical books, New York.
Pop-Jordanova N., Pop-Jordanov]. (2005). Spec-
trum Weighted EEG Frequency (“Brain-rate”)
as a Quantitative Indicator of Mental Arousal,
Prilozi, 26, 2, 35-42.

Pop-JordanovaN., Zorcec T. (2008). Psychologi-
cal characteristics of children with chronic dis-
eases, Paediatr Croatica, 52:71-76
Pop-Jordanova N. (2009). Biofeedback appli-
cation in somatoform disorders and ADHD in
children, International Journal of Medicine and

MED ARH 2009; 63(5) - ORIGINAL PAPERS

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Medical Sciences, 1(2): 17-22

Pryke M., Harper JF. (1977). The Eysenck Per-
sonality Inventory Lie scale- some further Aus-
tralian data, Journal of Personality Assessment,
41, 6: 632-634

Rocklin T, Revelle W. (1981). The measurement
of extroversion: A comparison of the Eysenck
Personality Inventory and Eysenck Personality
Questionnaire, British Journal of Social Psy-
chology, 20: 279-284

Rossier T. (2004) The Effectiveness of Neu-
rofeedback and Stimulant Drugs in Treating
AD/HD: Part I. Review of Methodological Is-
sues, Applied Psychophysiology and Biofeed-
back, 29,2:95-112

Sandercock GR., Bromley PD., Brodie DA.
(2005). The reliability of short-term measure-
ments of heart rate variability. Int J Cardiol,
103:238-247

Schwartz MS., Andrasik F. (2003). Biofeed-
back: A Practioner Guide (3th edition), NY,
Guilford Press.

Sharpley CF., Kamen P., Galatis M., Heppel R.,
Veivers C., Claus K. (2000). An examination
of the relationship between resting heart rate
variability and heart rate reac tivity to a mental
arithmetic stressor, Applied Psychophysiology
and Biofeedback, 25, 3: 143-153

Siepmann M., Aykac V., Unterdorfer J.,
Petrowski K., Mueck-Weymann M.(2008). A
pilot study of the effects of heart rate variabil-
ity biofeedback in patients with depression and
healthy subjects, Applied Psychophysiology and
Biofeedback, 33, 4: 195-201

Song HS., Lehrer PM. (2003). The effects of spe-
cific respiratory rates on heart rate and heart
rate variability, Applied Psychophysiology and
Biofeedback, 28, 1: 13-23

Swanson KS., Gevirtz RN., Brown M., Spira J.,
Guarneri E., Stoletniy L. (2009). The Effect of
Biofeedback on function in patients with heart
failure, Applied Psychophysiology and Biofeed-
back, 34, 2: 71-91

Task Force of the European Society of Cardiol-
ogy and the North American Society of Pacing
and Electrophysiology.(1996). Heart rate vari-
ability: standards of measurement, physiolog-
ical interpretation and clinical use. Circula-
tion 93: 1043-65.

Thomas SA., Chapa DW., Friedmann E., Durden
C.,Ross A., Lee MCY., Lee HJ. (2008). Depres-
sion in Patients With Heart Failure: Prevalence,
Pathophysiological Mechanisms, and Treat-
ment Crit. Care Nurse, 28(2): 40-55.
Verghese A., Abraham A. (1972). The Eysenck
Personality Inventory Scores in a group of Psy-
chiatric Patients, The British Journal of Psychi-
atry, 120: 681-682

Zuker TL., Samuelson KW., Muench F., Green-
berg MA., Gevirtz RN.(2009). The effects of
respiratory sinus arrhythmia biofeedback on
heart rate variability and posttraumatic stress
disorder: a pilot study, Applied Psychophysiol-
ogy and Biofeedback, 34, 2: 135-143

Zyl van LT., Hasegawa T., Katsutaro Nagata K.
(2008). Effects of antidepressant treatment on
heart rate variability in major depression: A
quantitative review, BioPsychoSocial Medi-
cine, 2:12-19

Wolf MM., Varigos GA., Hunt D., Sloman JG.
(1978). Sinus arrhythmia in acute myocardial
infarction, Med.] Aust; 2:52-53

Corresponding author: Prof. Nada Pop-

Jordanova, MD, PhD. Faculty of Medicine,

Skopje University, R. Macedonia. Tel.:

+438923147 497. E-mail: npopjordanova@

gmail.com




