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The  involvement  of autonomic  imbalance  has  been  reported  in the  pathogenesis  of  allergic  diseases.  The
aim of  this  study  was  to investigate  the  association  between  the  clinical  severity  of  childhood  asthma  with
autonomic nervous  system  (ANS)  dysfunction  and  to define  whether  the severity  of asthma  correlates
with  ANS  activity.  In this  case–control  study,  we  evaluated  the  ANS  activity  by  testing  heart  rate  variability
utonomic nervous function
hildren
ympathetic skin response

(HRV)  and  sympathetic  skin  response  (SRR)  in  77  asthmatic  children,  age  7–12  yrs, who  had  no  co-
morbidity  and  compared  them  with  40  gender-  and  age-matched  control  subjects.  According  to the
severity  of their  asthma,  study  subjects  were  further  divided  into  three  groups:  I  (mild  asthmatics),  II
(moderate  asthmatics),  and  III (severe  asthmatics).  Inter-group  ANS  scale  scores  differed  significantly
(p  <  0.01)  between  Groups  I and  III and  between  Groups  II and  III.  Combined  use  of HRV  and  SSR  provides

vity  f
a  higher  degree  of  sensiti

. Introduction

In recent years, asthma has become the most common
hronic childhood disease (Asher, 2008). An important feature
f asthma is an exaggerated broncho-constrictor response to a
ide variety of stimuli. This airway hyper-responsiveness can

e attributed in part to an airway inflammatory response as
arkers for airway inflammation correlate with bronchial hyper-

esponsiveness. However, anti-inflammatory therapy merely
educes airway hyper-responsiveness, but does not abolish it;
herefore, factors other than inflammation may  contribute to
irway hyper-responsiveness (Lundgren et al., 1988). Asthma is
lso associated with autonomic nervous system (ANS) imbalance,
ncreased bronchial sensitivity to cholinergic constrictors, and
ossibly decreased sensitivity to �2-adrenergic dilators (Jartti,
001). According to Meessen et al. (1996),  several mechanisms
ay  contribute to exaggerated cholinergic bronchospasm in
sthmatics and the release of inflammatory mediators, such as
irway epithelium damage due to viral infections, allergen stimuli,
r various chemical and mechanical irritants (cold air and tobacco
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or assessing  disease  severity  in cases  of  pediatric  asthma.
© 2012 Elsevier B.V. All rights reserved.

smoke) when in close contact with sensory vagal nerve endings
(Meessen et al., 1996). From a physiological perspective, parasym-
pathetic innervation mediates both cholinergic contractions and
non-cholinergic relaxation of the airway (Chesrown et al., 1980).
Asthma presents either as a hyperfunction of the parasympathetic
nervous system (PNS) in the airways or as an imbalance between
the PNS and the sympathetic nervous system (SNS) (van der Velden
and Hulsmann, 1999). The hypothesis that PNS dysfunction is the
cause of asthma is based on both clinical observation (Morrison
and Pearson, 1991; Lin et al., 1998; Ducharme and Davis, 1998) and
experimental research (Ollerenshaw et al., 1991). No studies have
objectively investigated the relationship between the severity of
asthma as an autonomic nervous system (ANS) dysfunction in
childhood. With the introduction and use of modern-day labora-
tory testing for dysautonomia, we  examined a series of children
with asthma in an attempt to further elucidate the relationship
between disease severity and ANS dysfunction.

2. Materials and methods

2.1. Ethical approval
The study was  performed in accordance with the Declaration of
Helsinki and Good Clinical Practice and was approved by the local
Ethics Committee. Informed consent was obtained from the parents
of all study participants.

dx.doi.org/10.1016/j.resp.2012.07.002
http://www.sciencedirect.com/science/journal/15699048
http://www.elsevier.com/locate/resphysiol
mailto:minozkaya@yahoo.com
http://www.bezmialem.edu.tr/
dx.doi.org/10.1016/j.resp.2012.07.002
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.2. Subjects

This study was conducted from December 2010 through June
011 in the Pediatric Allergy-Pulmonology outpatient clinic at
ezmialem Vakif University Hospital. The sample population was
omprised of 77 children (46 boys, 31 girls; aged 7–12 years)
ho had been recently diagnosed and followed up for asthma,

ut who had no other co-morbidities. The diagnosis and severity
f asthma were defined according to guidelines of the Ameri-
an Thoracic Society (American Thoracic Society, 1995). Children
ere defined as asthmatics according to the following criteria: (a)

ecurrent episodes of at least 1 symptom of asthma: wheezing,
reathlessness, and chest tightness, (b) improvement of at least
2% in baseline with forced expiratory volume in 1 second (FEV1)
fter bronchodilator use, (c) a total serum Ig E level > 52 IU/mL on
irect chemiluminescence, and (d) a positive skin test for at least 1
llergen. Informed consent was given by the parent of the patients
nd the children were provided education about the parameters of
he study in accordance with the Declaration of Helsinki and Good
linical Practice.

Subjects were divided into three groups according to their
sthma severity scores (ASS) and forced expiratory volume in 1 s
FEV1): Group I (mild intermittent) used neither inhaled nor oral
teroids or leukotriene receptor antagonists, Group II (moderate)
sed inhaled steroids and salbutamol during attacks as well as

 leukotriene receptor antagonists when needed, and Group III
severe asthma) used inhaled steroids, formeterol, montelukast,
nd salbutamol during attacks. An ASS scoring system was also
mplemented to better define participant responses: mild inter-

ittent asthma = score I, moderate asthma = score II, and severe
sthma = score III (Santanello et al., 1997). Children with asthma
ere evaluated according to their daytime symptoms of coughing,

hest tightness, wheezing, sputum production, and breathlessness.
Control group subjects were selected from children admitted

o the Bezmialem pediatric outpatient clinic for routine check-up
ho were free of physical signs and symptoms indicative of atopic
iseases including allergic rhinitis, asthma, and atopic dermatitis.

.3. Data collection

.3.1. Lung functions studies
All children accepted in the study were able to perform forced

xpiratory maneuvers. Forced vital capacity (FVC), forced expi-
atory volume in one second (FEV1), forced expiratory flows at
5–75% of the vital capacity (FEF 25–75%), and peak expira-
ory flow (PEF) rates were measured with a dynamic spirometry
Vitalograph®; G.W. Berg-Co., UK]. The best of three success-
ul maneuvers was recorded. After baseline measurement was
stablished, a bronchodilatation test with inhaled terbutaline
as performed on all children. A repeat post-bronchodilatator

pirometry measurement was performed after 15 min. In the bron-
hodilatation test, the limit of positivity was set at a ≥12% increase
n FEV1 values and a 25% or greater increase in FEF 25–75% values
National Heart, Lung, and Blood Institute, 2007). The results were
resented as percent of predicted value for gender, age, and height.
he Polgar normal lung function test reference values were used to
enerate the predicted values (Polgar and Promadhat, 1971).

.3.2. Skin prick tests
Skin prick tests (SPT) were performed according to a routine

iagnostic procedure. Ten common aeroallergens with pol-
ens, mites (Dermatophagoides farinea and Dermatophagoides

teronyssinus), molds, and animal dander were used. Negative
50% glycerin saline) and positive (0.1% histamine phosphate) con-
rols were also tested. The skin tests were examined 15 min  post
xposure to the allergen and the resulting wheal and flare were
eurobiology 183 (2012) 206– 210 207

measured. A test was  considered positive if the wheal was 3 mm
greater than the negative control wheal.

2.3.3. Autonomic nervous system (ANS) tests
The ANS was tested in three ways.

1. Heart rate response to deep breathing was  quantified. The
patient was instructed in and allowed to practice breathing
deeply and smoothly using inspiratory and expiratory cycles of
5 s each. The heart rate was recorded using an electrocardiogram
monitor with electrodes placed at standard sites. Eight cycles of
deep breathing (10 s each) were accomplished in the manner
practiced. The computer measured the heart rate and the mean
of the five largest consecutive responses to calculate the heart
rate range to deep breaths (HRDB).

2. Heart rate responses to the Valsalva maneuver were recorded
using an electrocardiogram monitor [Finapres, Englewood, CO,
U.S.A.]. The patient blew into a tube connected to a manometer
and maintained a pressure of 30 mm Hg for 10 s. Time-domain
and frequency domain parameters of heart rate variability (HRV)
were recorded and analyzed using the same device. The time-
domain HRV parameters used to measured data in the study
were (a) the standard deviation of all normal sinus R–R intervals
(SDNN), (b) root mean square of successive differences between
normal sinus R–R intervals (RMSSD), (c) the ratio of all R–R inter-
vals to the height of the histogram created by charting all the RR
intervals (HRV triangular index), and (d) number of R–R intervals
exceeding 50 ms  (SNN50 count). We  also used power spectral
analyses of heart rates with the parameters of low frequency
(LF: 0.04–0.15); this measure is related to baro-receptor control
and is dually mediated by both the parasympathetic and sympa-
thetic systems. High frequency (HF: 0.15–0.5) bands were used
to reflect respiratory sinus arrhythmia and thus cardiac vagal
activity. The LF/HF ratio is the most important parameter for
assessing the autonomic imbalance and this ratio was  used to
define imbalance in ANS for our study.

3. Sympathetic skin response (SSR): We also measured SSR because
of its reliability as an indicator of sudomotor function mediated
by amyelinic efferent C-fibers of the sympathetic nervous sys-
tem (Elie and Guiheneuc, 1990). Sympathetic skin response (SSR)
is a polysynaptic reflex and its final efferent pathway involves
pre- and post-ganglionic sympathetic sudomotor fibers that ulti-
mately activate the sweat glands through sympathetic outflow
(Shahani et al., 1984). SSR testing was  carried out according to
the Technical Standards of the International Federation of Clini-
cal Neurophysiology (Claus and Schondorf, 1999). The EMG  was
performed using a filter setting of 0.1–32 Hz with a sensitiv-
ity setting of 1 mV  div−1 and sweep rate of 5 s. Responses were
recorded with superficial electrodes on the skin at an impedance
of <5 k�. In each location, the mean latency and percentage of
SSR (SSR%) were determined. The results of latency were classi-
fied into two  groups as normal or abnormal (increased) latency
with the latter being considered pathological. The amplitude was
measured from the baseline to the negative peak and expressed
in mV’s. The response was  considered absent if no consistent
voltage change occurred using a sensitivity of 50 �V per division
after three trials at maximum intensity for the stimulus.

2.3.4. Statistical analysis
The study data were analyzed using SPSS (Statistical Package for

Social Sciences) for Windows version 16.0. A t-test was  used to com-
pare continuous variables including age, weight, height, and body

mass index (BMI) when the data were normally distributed and the
ANOVA was  used to compare means of three or more independent
groups. Normality tests of variables were assessed by the one sam-
ple Kolmogorov–Smirnov test. Differences between groups were
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Table 1
Demographics and clinical characteristics of patients and controls.

Group I N = 23 Group II N = 33 Group III N = 21 Controls N = 40 p

Age, mean (yrs) 8.73 ± 3.7 8.2 ± 4.2 8.9 ± 3.9 8.5 ± 2.8 >0.05
Male  (%) 14 (60) 19 (58) 13 (62) 25 (62) >0.05
Height, mean (cm) 133.0 ± 3.2 134.4 ± 2.6 131.4 ± 2.4 134.1 ± 3.8 >0.05
Weight, mean (kg) 31.4 ± 1.2 32.8 ± 0.9 32.3 ± 1.1 33.8 ± 1.4 >0.05
Skin  prick test positivity to mite, no. patients (%) 23 (100) 33 (100) 21 (100) – >0.05
IgE  (kU/L) (SD) 456.7 ± 45 468.7 ± 45 440.6 ± 31.5 120.7 ± 30.7 >0.05
Symptoms duration, mean (yrs) 5.3 ± 0.8 4.9 ± 0.8 5.7 ± 0.4 – >0.05
BMI  (kg/m2) (SD) 14.52 ± 3.0 15.25 ± 2.1 15.13 ± 2.2 14.83 ± 1.9 >0.05
FEV1  (% predicted) (SD) 83.70 ± 15.2 76.20 ± 11.9 54.55 ± 12.3 89.80 ± 17.2 <0.05
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MI, body mass index.
alues are given as mean ± standard error of the mean.

valuated with either the Kruskal–Wallis test or Mann–Whitney
-test. Chi-square analysis was used to compare categorical data.

nter-group logistic regression analysis was performed for the eval-
ation of sensitivity of the composite autonomic nervous scoring
cale (CANSS) in predicting asthma severity. In all tests, p < 0.05 was
onsidered to indicate statistical significance.

. Results

.1. Subjects

The sample for this study consisted of a total of 36 (56%) boys and
8 (44%) girls. According to the severity of their asthma, each sub-

ect was assigned to one of three groups: Group I (Mild Intermittent
sthma), Group II (Moderate Asthma), or Group III (Severe Asthma).
he mean ages of Groups I, II, and III were 8.73 ± 3.7, 8.2 ± 4.2, and
.92 ± 3.9, respectively. Gender distribution in the study groups
ere as follows: Group I: 14 (61%) boys and 9 (39%) girls; Group

I: 19 (58%) boys and 14 (42%) girls; and Group III: 13 (67%) boys
nd 8 (43%) girls. There were no significant differences between
he groups for age, gender, or BMI  (p > 0.05) (Table 1). When the
sthmatic children were classified according to the severity of their
sthma, age; gender; duration of the disease; and serum IgE levels
ere also found to be similar.

.2. Measures of ANS tests

A comparison of the autonomic nervous system testing scores

f the control subjects with those of patients with asthma revealed
ignificant differences for HRDB and HRV (p < 0.05), but not for SSR
p > 0.05) (Tables 2 and 3, respectively). HRDB and HRV subscores
epresent primary dysfunction of the PNS. On the autonomic

able 2
tatistical comparison of autonomic nervous system variables between of study and cont

Parameter Group I (mild) Group II (moderate) 

SNN50 count (unit) 12,455 ± 5766 16,778 ± 5655 

RMSSD (ms) 47 ± 26 73 ± 30 

PNN50 (%) 25 ± 4 28 ± 5 

HRDB  (bpm) 16 ± 3 18 ± 4 

HRV-Triangular Index 36 ± 6 35 ± 6 

LF  (nu) 56 ± 4 53 ± 5 

HF  (nu) 26 ± 5 34 ± 5 

LF/HF  2.1 ± 0.3 1.55 ± 0.53
SSR  (latency, ms)  0.90 ± 0.4 0.88 ± 0.2 

Cardiovagal subscore 0.43 0.48 

Adrenergic subscore 0.05 0.03 

CANSS 1.76 2.32 

NN50 count, number of R–R intervals exceeding 50 ms;  RMSSD,  root mean square of suc
ifference between adjacent normal R–R intervals that are greater than 50 ms  compute
RDB,  heart rate to deep breathing; HRV-Triangular index, the ratio of number of all R–R

requency power; SSR, sympathetic skin response; CANSS,  composite autonomic nervous 
scoring scale all scores in patient groups were statistically signif-
icant (p < 0.05) when compared with the control group (Table 2).

3.3. Factors associated with ANS test parameters

Autonomic nervous system testing scores between Groups I and
III, and between Groups II and III for both the Kruskal–Wallis and
Mann–Whitney U-tests test were p < 0.01. The sensitivity of ANS
testing scores in predicting asthma severity was evaluated using
logistic regression analysis (Table 4). The sudomotor subscores
indicated primarily an abnormality of the SNS. The cardiovagal
subscore indicates dysfunction of the PNS; while, the adrenergic
subscore indicates dysfunction of the SNS. The composite auto-
nomic nervous scoring scale (CANSS) is a composite of the above
two subscores. No significant difference was found for CANSS when
compared to the controls and Group I (p > 0.05). On the other hand,
there was  significant relationship between increases in CANSS and
asthma severity, between Groups I and III, and between Groups
II and III. The sensitivity of CANSS in predicting asthma severity
was 78% between Groups I and II, 72.8% between Groups II and III
(p < 0.01).

4. Discussion

To our knowledge this is the first study to assess HRV and SSR,
parameters of ANS functions, for evaluation of disease severity
in selected outpatient children with asthma. This study showed
that in asthmatic children, ANS parameters correlated positively
with severity of their atopic asthma. HRV and HRDB, two easily

performed parameters related to the primary PNS dysfunctions
correlate to the level of severity of asthma symptoms. We  also
observed that SSR, which primarily indicates SNS dysfunctions was
not correlated with asthma severity in children.

rol groups.

Group III (severe) Control group p

18,500 ± 4521 11,356 ± 6224 0.014
79 ± 35 44 ± 22 0.018

32 ± 8 24 ± 6 0.047
21 ± 3 15 ± 2 0.026
37 ± 7 35 ± 4 0.377
56 ± 5 55 ± 3 0.823
38 ± 4 24 ± 4 0.011

 1.47 ± 0.18 2.3 ± 0.5 0.019
0.93 ± 0.4 1.02 ± 0.3 0.645
0.52 0.05 0.044
0.04 0.04 0.262
2.45 0.12 0.023

cessive differences between normal sinus R–R intervals; PNN50, the percentage of
d over the entire height of histogram created by the charting all the RR intervals;

 intervals to the all averaged normal sinus R-R, LF,  low frequency power; HF,  high
scoring scale
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Table 3
Comparison of various ANS function parameters according to the disease severity in children with asthma.

Group I (mild) Group II (Moderate) Group III (Severe) p

PNN50 (%) mean (95%CI) 24(19, 28) 27(23, 31) 34(30, 38) 0.035
SNN50 count (unit) mean (95%CI) 10(8,14) 14(11, 20) 17(15,23) 0.002
HRDB (bpm) Mean (95%CI) 14(13, 17) 18(16, 23) 22(19,26) 0.020
LF  (n.u) mean (95%CI) 49(47, 53) 51(48, 55) 52(48,56) 0.440
HF  (n.u) mean (95%CI) 23(20, 29) 30(28, 35) 35(33,41) 0.006
LF/HF  median (95%CI) 1.8(1.6, 2.1) 1.4(1.3, 1.7) 0.9(0.8, 1.2) 0.033
SSR  (latency, ms)  mean (95%CI) 0.8 (0.7, 1.3) 0.9(0.7, 1.4) 0.9(0.8, 1.3) 0.744

SNN50 count, number of R–R intervals exceeding 50 ms;  PNN50, the percentage of difference between adjacent normal R–R intervals that are greater than 50 ms computed
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ympathetic skin response;

Many disorders in humans have been suspected as being
elated to or caused by ANS abnormalities. Asthma is certainly
ne such disorder (Goyal et al., 2010). Kallenbach et al. (1985),
emonstrated a defined relationship between the magnitude of
espiratory sinus arrhythmia and the degree of bronchial hyper-
eactivity (BHR), a characteristic of asthma, which may  be related
o enhanced parasympathetic nervous activity. PNS functions are
ontrolled mainly by nucleus tractus solitarius (NTS) neurons
hat receive vagal sensory information from cardiorespiratory and
ubdiaphragmatic organs within the gastrointestinal tract. NTS
eurons project directly or indirectly to structures of the medulla
hat regulate the activity of the sympathetic and parasympa-
hetic preganglionic neurons. The activity of the parasympathetic
ardioinhibitory preganglionic neurons localized mainly in the ven-
rolateral part of nucleus ambiguous (NA) and to a lesser extent in
he dorsal motor nucleus of the vagus is increased probably via
irect excitatory pathways originating from the NTS (Dergacheva
t al., 2010; Ondicova and Mravec, 2010).

Syme (2005) proposed that NTS hypersensitivity could increase
HR leading to worsening of asthma. Stable or steroid-treated asth-
atics demonstrated PNS activity, which contradicts the view that

igher PNS activity is a secondary contributor to airway inflamma-
ion (Du et al., 2001). The parasympathetic innervation mediates
oth cholinergic contractions and non-adrenergic, non-cholinergic
NANC) relaxations of the airway (Yip et al., 1981). Nitric oxide (NO)
nd vasoactive intestinal peptide (VIP) have been identified as a
ajor neurotransmitters of i-NANC mediated relaxation and are

o-localized in cholinergic nerve endings (Maggi et al., 1995). In
umans, NO is a more important mediator, as i-NANC responses
ere found to be totally locked by l-NAME (N (G)-nitro-l-arginin
ethyl ester), which is a nitric oxide synthase (NOS) inhibitor

Belvisi et al., 1992). The PNS hyperactivity increases the release
f (NO). NO may  enhance inflammation by altering the balance T
elper Th1 and Th2 cells types leading to the proliferation of Th2

ymphocytes, which putatively produce a cytokine profile that has
een associated with exacerbation of asthma (van der Valk et al.,
012; Cabral et al., 2009). The resulting inflamed airways can set
p a vicious cycle of increased afferent activity leading to further

nflammation, increased BHR and increased PSN activity, resulting
n a positive correlation between PSN tone and severity of asthma

Ostrowska-Nawarycz et al., 2006).

The analysis of HRV is considered a valid method to use in
ssessing ANS functions in normal healthy individuals as well as

able 4
ogistic regression analyses of asthmatic groups according to the composite auto-
omic nervous scoring scale (CANSS).

Meaningfulness Rise Validity percentage

Group I–II 0.278 (p > 0.1) 1.001 57%
Group I–III 0.052 (p < 0.001) 1.002 78%
Group II–III 0.071 (p < 0.001) 1.002 72.8%
rt rate to deep breathing; LF,  low frequency power; HF,  high frequency power; SSR,

in patients with various disorders (Silvetti et al., 2001; Ostrowska-
Nawarycz et al., 2006). There were two  approaches to measure
HRV: time domain and frequency domain analyses. In the time
domain analysis, SDNN represents a general measurement of ANS
balance, whereas the pNN50 predominantly reflects PNS activ-
ity. On the other hand, in the frequency domain analysis, HF is
modulated predominantly by the PNS, whereas the LF is under
the influence of both the parasympathetic and the sympathetic
systems. The LF/HF ratio can be considered the marker for the
sympathovagal balance (Stein et al., 1994). There are a few stud-
ies about HRV in children with asthma. For example, Kazuma
et al., found that HRV is decreased in asthmatics (Kazuma et al.,
1997). However, it must be also noted that asthmatic subjects
can also present with conflicting ANS lab values. In a study by
Shelhamer et al. (1983),  all the allergic subjects showed abnormal
beta-adrenergic hyporeactivity and cholinergic hypersensitivity,
whereas generally speaking, allergic asthma is normally associated
with excessive alpha-adrenergic responsiveness. In many stud-
ies of adults, but not in children, increased PSN tone has been
associated with clinical asthma or the worsening of asthma (Jartti
et al., 1998; Shah et al., 1990). In this study, we found a significant
increase in HF rather than LF and a decrease LF/HF ratio in chil-
dren with asthma, suggesting a predominance of PNS. The PNS may
therefore be more important for respiratory dysfunctions in asth-
matic children than previously considered in relationship to adult
asthmatics.

One limitation of our study is the lack of investigation of the
effect of appropriate medication on ANS functions in severely
impaired pulmonary functions. The ethical approval for this sub-
population was outside the approved scope of this study. Further
studies are needed to evaluate ANS changes after different treat-
ment options in childhood asthma with different stages of severity.
Initial ANS functional status and the effect of the treatment may
provide clinicians with useful information to choose an appropriate
treatment plan.

In atopic diseases, all tissues except at the sites of allergic reac-
tion have decreased sympathetic tone. Some studies showed that
in patients with atopic dermatitis and allergic rhinitis, decreased
sympathetic tone may  be associated with disease severity (Cicek
et al., 2008; Tascilar et al., 2009). In our study, however, the SSR
results of asthmatic children were not significantly different from
control groups. Therefore, we  concluded that SNS activity in the
asthmatic children remained unaffected. We  used SSR, a noninva-
sive electrophysiological test, to evaluate the SNS (Gutrecht, 1994;
Vetrugno et al., 2003). When all the groups with different symp-
tom severities were compared with the control group, statistically
different SSR latency was not found in the upper extremities. Addi-
tionally, there was no correlation between asthma severity and SSR

results in any of the asthmatic groups. This work demonstrates that
SSR latencies are not larger than normal and the amplitude of SSR
amplitude is not associated with the severity level of asthma in
children.
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In conclusion, this is the first study that shows positive cor-
elation between the severity of asthma in children and ANS
ysfunctions. Even in the normal conditions in which the patient

s free of an asthma attack, the ANS functions of asthma suffer-
rs differ from those of normal children. It may  be that the ANS
ysfunction associated with PNS dysfunction rather than SNS hypo-
ctivity in asthmatic children is related to the severity of their
sthma. It is speculated that this dysfunction in PNS activity may
e one of the causes contributing to the development of disease
everity in children with asthma. We  recommend further investi-
ation. The advent of ANS testing laboratories as described in this
tudy will certainly enhance our understanding of asthma.
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