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Abstract OBJECTIVES: The aim of this study is to describe sympathetic responses in stress in relation 
to allergy and trait anxiety. 
METHODS: The study was perfomed on 149 participants. Sample consists of allergy group 
(N=83) and control group (N=48). Laboratory stress was induced by Psychosocial stress 
test, sympathetic markers (heart rate and level of skin conductance) were monitored by 
system PowerLab and trait anxiety via questionnaire STAI. 
RESULTS AND DISCUSSION: During the stress procedure, patients with allergy exhibited 
decreased heart rate (HR) during whole procedure, while skin conductance level (SCL) 
was observed reduced only in the recovery phase. We have recorded the occurrence of 
high trait anxiety in allergic patients. 
CONCLUSIONS: Allergic diseases are civilizational diseases, which is necessary to pay atten-
tion to, given their enormous incidence in the population and vulnerability of allergic 
patients to stress. We recommend further investigation of the issue of separation anxiety 
from allergies. We lean toward a new view of the concept of stress, which is more dynamic 
and adaptive.

Introduction
The presented study deals with problems concerning 
abnormal functioning of Sympathetic-adrenomed-
ullary (SAM) stress system in patients with allergy. 
An alarming growth of allergies requires an in-depth 
research of the circumstances of possible inappropri-
ate stress reaction associated with the development 
of allergy. Our goal was to analyze relevant psycho-
physiological indicators in patients with atopy linked 
to their changed stress reactions.

The association between anxiety and atopic dis-
eases was examined through several studies (Sei-
ffert et al 2005; Linnet &  Jenec 2001,1999). Atopy is 
a hereditary predisposition toward developing various 
types of allergies primarily including atopic dermati-
tis, allergic asthma, allergic rhinitis (atopic triad), but 

also urticaria and some food allergies. The symptoms 
are manifested in hypersensitive reaction to a specific 
allergen, production of IgE antibodies and reactivity 
of smooth muscles to histamine. Atopy is a  feature 
of allergic reactions which deteriorates their course 
(Gold & Kemp 2005).

There are various studies indicating a  close rela-
tion between allergic asthma (AA) and anxiety. This 
study point mostly to their negative influence as to 
chronicity of the disease or worsening of the condi-
tion (Wamboldt et al 2003). Anxiety both as a state 
and as a trait may increase one´s subjective feeling of 
having difficulty in breathing and undoubtedly repre-
sents a  significant mechanism supporting the occur-
rence of asthma attacks (Pietras et al 2009; Holgate 
2002). However, this is true also vice versa, meaning 
that asthma attacks are accompanied by a high level of 
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anxiety and a worse feelings. The intensity of anxiety as 
a state and anxiety as a trait is in relationship with the 
level of asthma control (Wang et al 2010) as well as with 
the level of asthma severity (Pietras et al 2011). 

The relationship between anxiety and atopic derma-
titis (AD) was also demonstrated by studies by Linnet 
and Jenec (2001, 1999) which also claim that psycho-
logical interventions (psychotherapy) improve not 
only the psychological conditions but also skin allergy 
symptoms, which confirms the significance of psycho-
logical treatment of people with AD. Emotional factors 
participate and cooperate in the occurrence of skin 
diseases. Anxiety represents one of the factors which 
play a  significant role also in the etiopathogenesis of 
atopic dermatitis (Medansky & Handler 1981; Peluso 
et al 2009). 

The character of the atopic disease belongs also 
to the factors which may participate in the change of 
psychological resilience. Having to experience the 
uncontrollability of the disease from the point of view 
of the start of acute phase and the unpredictability of 
the effectiveness of treatment may in atopic sufferers 
lead to a  generally higher external control and a  low 
self-efficancy (Buske-Kirschabum et al 2008). The fact 
that atopic dermatitis plays in comparison to other 
skin diseases a significant role in the relationship with 
anxiety was also stated by Ginsburg et al (1993), who 
claim that there is no connection between the  high 
anxiety and an acute or generally chronic skin disease. 
They compared individual dermatologic diagnoses and 
found out that patients with AD exhibited significantly 
higher scores in anxiety in comparison to patients with 
Pityriasis rosea or psoriasis. It is thus improbable that 
the anxiety in patient with AD is caused only due to 
increasing gravity of acute or chronic skin diseases. We 
assume that it is manifested through a certain as yet not 
specified particularity. 

The strong relationship between atopic diseases and 
anxiety was also suggested to by Kagan et al (1991) who 
published their findings from two independent stud-
ies which revealed higher occurrence of pollinosis and 
social anxiety in relatives of shy children than in rela-
tives of sociable children. The factor of social anxiety 
correlated with immunological vulnerability in the 
selected atopic diseases. These data suggest a  genetic 
relationship between social anxiety and the selected 
atopic allergies. 

The results of several studies indicate that personal-
ity characteristics of patients with allergic rhinitis (AR) 
are parallel to other atopic diseases (Buske-Kirschabum 
et al 2008,2010; Bell et al 1991, Kagan et al 1991). The 
authors declare that atopic patients are generally char-
acterized by a higher anxiety, social anxiety, fearfulness, 
shyness and vulnerability to stress. With regard to pre-
vious studies we assume that the personality structure 
of patients with AR can be characterized by increased 
vulnerability to stress because of which they are more 
prone to a permanent stress overload. 

A  remarkable dilemma was raised by Hashizume 
et al (2005) who mention that anxiety correlates with 
the synthesis of the antibody IgE and Th2 immune 
response. By this statement, the authors point out to 
a significant relationship between anxiety and immune 
system in patients with atopic dermatitis which con-
firms the connection between atopic disease and severe 
anxiety, whereas both phenomena show similar patho-
physiology. In this case it is problematic to find out 
whether the pathophysiology is caused to a larger extent 
by the inflammatory allergic disease as such or by the 
dispositional trait anxiety. 

A large number of works dealt with examination of 
the functioning of hypothalamo-hypophyseal-adreno-
cortical (HPA) axis and Sympathetic-adrenomedullary 
system (SAM) in patients with allergy (Buske-Kirsch-
baum et al 1997, 2002, 2003, 2010; Seiffert et al 2005; 
Chrousos 2009, Tran et al 2010; Elias 2010; Buddenkotte 
& Steinhoff 2010). A decreased reaction of cortisol to 
stress stimuli was repeatedly observed, however, only in 
the connection with atopic dermatitis, later also in con-
nection with allergic asthma and in a small extent in the 
connection with allergic rhinitis which, so far, has been 
given not so much attention. Several findings concern-
ing psychophysiological indicators were ambiguous, 
mainly those relating to the basal cortisol level and the 
changes of the SAM system.

In examination of psychophysiological reactivity 
to stress in patients with allergy we took into account 
the findings on hyperactivation of SAM system made 
by the team of Busko-Kirschbaum (2006) “Psycho-
neuro-endocrino-immunological stress model in atopic 
patients”. According to this model in atopic patients, the 
HPA axis is characterized by decreased activity, whereas 
the contrary is true as to the activity of the SAM system. 
The SAM system remains hyperactive and sends the 
body into allostasis. 

Methods
The research sample consisted of 149 participants of 
a  diverse age range (18–38, M=21.6, SD=3.73) and 
a relatively equal number of participants as to gender 
(women N=83, men N=66). Almost all the partici-
pants had already completed higher education studies 
or were university students (98.8%), two participants 
were high school students and one participant was 
a high school graduate. From the point of view of the 
career orientation, the sample included participants 
from the field of psychology (N=104), other academic 
field (N=14) and from the field of technology and 
economics (N=32). Some of the participants were 
excluded from psychophysiological analysis for vari-
ous technical reasons (N=18). The experimental group 
was constituted of participants suffering from an aller-
gic disease (N=83) (the disease was in remission at the 
time of testing, of which in regard to gender: W=45, 
M=38). The control group consisted of participants 
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with a  negative allergic anamnesis (N=48, of which: 
W=26, M=22).

Laboratory setting was based on the public speech 
which belongs among the most commonly used psy-
chological tests in the investigation of stress (The Trier 
Social Stress Test). The test is remarkable for its high 
reliability in detection of the regulation of the HPA axis 
(Kudielka et al 2007). Social evaluation and uncontrol-
lability have been identified as the key components. 
The original version consists of a fake job interview and 
an arithmetic task. The participant´s task is to prepare 
for presenting oneself in a  job interview (5–10 min.) 
and to complete an arithmetic task (5 min.). Participant 
accomplishes the tasks in front of an audience com-
prised of experts on judging one´s non-verbal commu-
nication. The stress situation is intensified also by using 
video cameras, monitors, a microphone, lighting and 
a stage. We have worked out this method on the basis 
of the original test (Trier Social Stress Test) by apply-
ing our modification in the form of giving a  speech 
on a socially sensitive issue (Makatsori et al 2004) and 
asking a series of general knowledge questions.

The experimental procedure is comprised of the fol-
lowing phases: 
• Adaptation phase (10 min.): The participant was 

sitting at ease, having adapted himself/herself to the 
new situation and environment. 

• Preparation phase (10 min.): The participant was 
given the task to prepare background papers to be 
able to give a  speech on a  previously determined 
subject. 

• Presentation phase (15 min.): The participant was 
assigned to talk in front of aboard of judges whereas 
his task was to defend his attitude on the previ-
ously determined subject, and this was followed by 
answering knowledge questions given to him by the 
board of judges, and finally he was given an arith-
metic task. 

• Recovery phase (45 min): During the last part of the 
procedure, the participant was told to be trying to 
quieten down and relax as much as possible . 
State and trait anxiety was measured by Slovak ver-

sion of the State-Trait Anxiety Inventory (STAI) which 
was constructed by Spielberger. The inventory is con-
sidered as the most widely used method focused on 
anxiety diagnostic as the current state (part X1 – S) and 
anxiety as a trait (part X2 – T). 

The assessment of Sympathetic-adrenomedullary 
(SAM) stress system during the experiment was con-
ducted via monitoring of its correlates – heart rate (HR) 
and level of skin conductance (SCL) by psychophysio-
logical instrumental technique – (PowerLab Hardware 
with software applications LabChart, ADInstruments, 
Sydney, Australia).

Data on state and trait anxiety and psychophysi-
ological data were analyzed by Kruskal-Wallis test. Sta-
tistical significance of all analyses was set to p<0.05. All 
statistical analyses were done in IBM SPSS software.

Results 
H1: We assumed that patients with allergy exhibit 
a higher level of anxiety in comparison with a control 
group. During the examination of anxiety as a person-
ality trait in the connection with allergy, a  significant 
effect was observed (x2=4.296, df=1, p=0.038). In aller-
gic persons, a higher level of anxiety was recorded than 
in non-allergic persons (Figure 1).

Our findings demonstrate that there was no differ-
ence between groups in state anxiety before (x2=0.007, 
df=1, p=0.931) and after presentation phase (x2=0.073, 
df=1, p=0.787), also in current subjective experience of 
stress (x2=0.041, df=1, p=0.840) measured by simple 
10-point scale of perceived stress.

H2: We assumed that patients with allergy exhibit 
a higher level of SAM system (heart rate, level of skin 
conductance) in stressful laboratory conditions in com-
parison with a control group.

Psychosocial stress test resulted in a significant 
increase HR (x2=6.269, df=1, p=0.012) in both groups.

In verifying the above stated association, the signifi-
cant effect between the groups in the adaptation phase 
(x2=5.627, df=1, p=0.018), in the presentation phase 
(x2=6.793, df=1,p=0.009) and in the recovery phase 
(x2=7.944, df=1, p=0.005) was confirmed. In allergic 
patients, we recorded generally lower heart rate during 
the whole experiment course. 

During the stress procedure, patients with atopy 
exhibited decreased heart rate (Figure 2).

Another parameter that reflects the activity of the 
SAM system was electrodermal activity , in which we 
have specifically focused on the SCL. Significant effect 
between groups only appeared in the recovery stage 
(x2=8.969, df=1, p=0.003), but in the opposite direction 
expected. The next phases did not confirmed signifi-

Fig. 1. Average anxiety rates in persons with allergy and non-
allergic persons.
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cance: adaptation phase (x2=0.221, df=1, p=0.639), the 
preparatory phase (x2=0.083, df=1, p=0.773) and stage 
performances (x2=0.049, df=1, p=0.824) (Figure 3).

Discussion
Anxiety as a personality trait is presumably considered 
as one of the most common correlates within the con-
text of the stress reaction. As expected, the relationship 

between anxiety and allergy proved to be true. Similar 
conclusions can be found also in other studies devoted 
to examination of higher level of anxiety: Seiffert et al 
(2005), Linnet and Jemec (2001), Hashiro, Okumura 
(1998), Wierenga et al (1991), Scheich et al (1993), 
Ginsburg et al (1993), Gieler et al (1990), Garrie et al 
(1974), in patients with atopic dermatitis, Huovinen et 
al (2001) in patients with allergic astma, Stauder, Kovács 
(2003), Buske-Kirschbaum et al (2008) in patients with 
atopic triad (AA, AD, AR). We would like to add the 
finding made by Radošević-Vidaček et al (2009), whose 
examinations did not confirm the association between 
allergic diseases and anxiety. This might be caused, 
apart from other things, also by the very wide variety of 
tests designed for examination of anxiety and blending 
the boundaries between the trait and condition, either 
current or only vaguely defined by a  relatively short 
period of time. We would also like to mention a study 
where the authors point out, in general, to an important 
association between allergic irritation and CNS (Blaiss, 
2008), stating that in the patients with allergic rhinitis, 
a higher level of anxiety, tiredness, passivity, sleep dis-
turbances or cognitive deficits were recorded. These 
findings confirm the importance to explore the complex 
relationships between psychical insufficiency where 
anxiety plays an important role, along with the level of 
allergic irritation. The close relationship between aller-
gic astma and anxiety was also indicated by Wamboldt 
et al (2003) who emphasize mainly their negative effect 
in increasing the chronicity of the disease or worsening 
of the condition. Apart from that, Peluso et al (2009) 
and also Medansky and Handler (1981) expressed 
the opinion that anxiety is actually one of the factors 
playing a significant role in the etiopathogenesy of the 
atopic dermatitis. In older study of Garrie et al (1974) 
consider that allergies could manifest themselves in 
a specific pattern in comparision with another diseases. 
They recorded a higher level of anxiety in patients with 
atopic dermatitis in comparison to other acute skin dis-
eases (psoriasis, pityriasis rosea). This is the reason why 
anxiety in AD might also have some other cause than 
just the inflammatory process followed by psychical 
discomfort. Ginsburg et al (1993) also confirm that the 
high anxiety is not connected only to an acute or gen-
erally chronical skin disease. Through comparison of 
individual dermatologic diagnoses they discovered that 
patients with AD exhibited significantly higher scores 
in anxiety as opposed to patients with „Pityriasis rosea“ 
or psoriasis. For this reason it is improbable that anxiety 
in AD is caused only due to increasing of the severity of 
acute or skin diseases. 

In the heart rate (HR) as one of the biomarkers of 
the Sympathetic-adrenomedullary (SAM) system, we 
monitored its lowered tendency in patients with allergy 
in the adaptation, presentation and recovery phase of 
the experiment. This phenomenon is not supported 
by studies which present the conventional assumption 
that hyperarousal occurs more likely in patients with 

Fig. 2. Average heart rate indicators in non-allergic persons 
and persons with allergy (HR_AD=Adaptation phase, HR_
PR=Preparation phase, HR_PS= Presentation phase HR_
RE=Recovery phase).

Fig. 3. Average rates of the skin conductance level (SCL) in non-
allergic and allergic persons. (SCL_AD=Adaptation phase, 
SCL_PR=Preparation phase, SCL_PS= Presentation phase SCL_
RE=Recovery phase).
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allergy: increased HR in adult patients with atopic 
dermatitis as the response to mental stress (Munzel & 
Schandry 1990; Faulstich et al 1985), increased HR in 
patients with atopic dermatitis as well as with allergic 
rhinitis as the response to mental stress (Kimata, 2003). 
The increased HR in adult patients with AD was dem-
onstrated not only in the laboratory-induced stress 
situation (TSST), but also during quiet phases (Tran 
et al 2010; Hanifin et al 2001). An interesting finding 
was presented by Seiffert et al (2005), who examined 
HR through mental test in adolescents with atopic der-
matitis in remission as well as in the acute stage of the 
allergic disease. Despite the fact that in patients with 
AD, a higher heart rate was recorded during the whole 
course of the experimental test, the findings showed 
that patients with AD did not exhibit a higher reactivity 
to psycological stress than the healthy members of the 
control group. That means that, as opposed to the basal 
situation before the test and the recovery phase after 
the test, patients with allergy did not exhibit increased 
HR due to stress. This finding indicates that patients 
with AD show greater difficulties rather in balance of 
the sympathetic and parasympathetic nervous system 
during quiet conditions, than in a stress situation. The 
feeble reaction to the mental task might be the mani-
festation of a general hyperactivity of the sympathetic 
nervous system in patients with AD, which might 
cause problems to ease oneself in quiet conditions that 
would enable a  follow-up increase in the response to 
the activation in stress. The findings of the team Buske-
Kirschbaum et al do not show an increased heart rate in 
patients with allergy: the study by Buske-Kirschbaum 
et al (1997) does not present any differences as to heart 
rate in the endurance test (TSSC) in children with AD, 
as well as in adult persons with AD (Buske-Kirschbaum 
et al 2002) or in children with AA (Buske-Kirschbaum 
et al 2003). It is important to realize that the discrep-
ancies in the heart rate recordings might be caused by 
a different design of the experimental environment in 
regard to basal phases or creation of burdensome con-
ditions, different type of research sample selection as 
to choice of atopic diseases which are relatively widely 
varied etc. 

We can state that our findings as regards to insuffi-
cient response of the heart rate during the performance 
in allergic patients support our explanation concerning 
the overall dysregulation of the SAM system, which 
may demonstrate itself in the form of hyperreaction or 
hyporeaction just like in case of the cortisol reactivity. 
This suggestion is supported by the study by Young et 
al (1998) who recorded a lower heart rate and a lower 
blood pressure in high-anxious participants in compar-
ison to low-anxious participants. The hyperreactivity of 
the autonomic nervous system (ANS) may just be the 
first expression of the high anxiety, whereas this condi-
tion may be followed by a  compensatory mechanism 
for hyporeactivity. However, the basal level of heart rate 
and blood pressure did not correlate with anxiety. That 

is one of the reasons why it seems to be highly probable 
that the dysfunction of the ANS system embraces sev-
eral alternatives and the individual stress responses are 
not coordinated with each other (Duncko et al 2006). 
The monitoring of lowered heart rate level even during 
restful situations in allergic patients encourages us to 
elaborate a more in-depth analysis of this challenging 
phenomenon in the future, which might not manifest 
itself inevitably only in stress situations but also in 
normal conditions. The increased activity of parasym-
pathetic nervous system is also described in the study 
by Boettger et al (2009) which explains these contra-
dictory viewpoints and conventionally expected hyper-
arousal by describing how the increased activity of the 
parasympathetic nervous system in atopic patients 
demonstrates to have anti-inflammatory effects that 
sooner ease the dermatitis symptoms. This might be 
a  natural reason for the body response to the acute 
allergic inflammation. It is still an open question under 
which condition shall occur this reaction of the ANS.

The performance part in our research exhibited 
a  response to stress by increased SCL level in aller-
gic persons as well as in non-allergic persons which 
matches the common reaction. However, no difference 
between both groups was recorded in the response to 
stress and thus there was no manifestation of the high 
reactivity. A contrary phenomenon was observed in the 
recovery phase, when a significant difference between 
the both groups was shown where allergic persons 
exhibited a  better ability to relax and their SCL level 
decreased. This is again a finding that contradicts the 
conventional expectation, as we would expect deterio-
rated recuperation in allergic persons and persistence 
of hyperactivation of their SAM system due to psycho-
somatic troubles which are typical for this disease.

As the EDA index is only rarely used in the inves-
tigation of this issue, we apply in the presentation 
of the findings mainly the results from other SAM 
biomarkers. One of the few studies devoted to a similar 
subject is the study by Seiffert et al (2005) which also 
focused on evaluation of the EDA in allergic persons in 
stress situation (TSST), however, by using other param-
eter (a spontaneous electrodermal response – SSCR). It 
was manifested that the electrodermal activity (SSCR) 
gained a higher level in the control group as compared 
to the participants with atopic dermatitis. The authors 
explained this finding by stating that atopic patients 
have a drier skin which might diminish the ability of 
skin to sweat. This hypothesis was also confirmed by 
findings made by Koehler and Weber (1992). We do not 
support this explanation in our findings, as our research 
sample consisted predominantly of atopic patients with 
rhinitis and their response to stress was the same as in 
the members of the control group.

Despite that we lean toward the explanation which, 
by using just one more parameter (EDA) confirms 
a different view on the activity of the ANS, whose dys-
function might develop in accordance with various 
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conditions and may manifest either in hyperactive or 
hypoactive manner.

Conclusion
There are several studies hinting to the fact that aller-
gic diseases have a  significant and in many cases also 
a rather specific relation with anxiety. Through our 
research we could also confirm the higher anxiety in 
allergic participants. We consider it inevitable to devote 
further effort to explore this dilemma postulated also 
by Hashizume et al (2005) and find the answer to the 
following question: Which factor – whether the aller-
gic inflammation or anxiety as a personality trait, will 
dominate in the formation of the same pathophysiol-
ogy which occurs in both conditions. With regard to 
the fact that both factors often occur together, we have 
to arrange our research in such a way which makes it 
possible to separate these factors and thus enabling us 
to examine this issue more deeply. 

We consider controversial finding about the hypo-
reactivity of the SAM system in patients with atopy, as 
also indicated by the postulate of the existence of oppo-
site manifestation of the dysregulation of the autonomic 
nervous system. We lean toward a new view of the con-
cept of stress, which is more dynamic and adaptive.
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