
O R I G I N A L   A R T I C L E Eur Ann AllErgy Clin immunol

Summary
A number of studies report heart rate variability (HRV) changes in allergic as well as high 
trait anxious people, and associations between allergic inflammation and trait anxiety. This 
study investigated HRV of 20 low anxious allergic, 19 healthy high trait anxious and 18 
healthy low anxious, in naturalistic setting. On arranged research days, subjects performed 
measurements using portable ECG device and subjective self-assessment of perceived stress. 
Five repeated measurements data from each subject have shown increases in overall HRV, as 
well as HRV on respiratory frequencies in both allergy and high trait anxiety. Subject’s sex was 
an important factor, because HRV increases in allergy were only apparent in women. Data 
from self-assessment show no differences in experienced stress attributable to allergy, only to 
trait anxiety. 
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rate variability; IgE, immunoglobulin E; AR, allergic rhinitis; 
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Introduction

An increasing number of studies show relevance of autonomic 
nervous system (ANS) dysregulations to both mental and so-
matic disorders, mainly those which are related to stress (1). 
Autonomic dysregulations, may emerge as consequences of al-
lostatic load, cumulative wear and tear of bodily systems, that 
have been exposed to chronic or traumatic stress (2,3). 

Heart rate (HR) is conditioned by both autonomic branches; 
normally it should exhibit a relatively large inter-beat variabil-
ity. Heart rate variability (HRV) is used as a marker of healthy 
adaptive capacity of cardiovascular system, while cardiac patho-
logical states show low or almost no variability and high pre-
dictability of heart rate (4,5). Psychobiological models of neu-
rovisceral integration (6,7) underline associations of HRV with 
brain pathways connected to stress, therefore HRV may serve as 
a suitable psychobiological index of central inhibitory control 
and emotional regulation. 
Anxiety is defined by Spielberger (8) as both an unpleasant 
emotional state grounded in fear (state anxiety), and as a rela-
tively stable tendency (trait anxiety) to manifest anxiety states. 
High trait anxiety is related to failure in inhibition of threat 
responses on psychological as well as physiological level (9), 
which leads to perpetuation of the adaptive capacity of an in-
dividual.
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natural conditions (19,26), we investigated HRV indices and 
subjective experience of research subjects in relation to stressors 
during their daily lives. A design with repeated measurements of 
HRV and subjective self-assessment of experienced stress during 
longer time period was applied here. 

Method

Subjects 

Subjects were recruited from students of Comenius University, 
Bratislava, while some allergy subjects were recruited from am-
bulant allergologists in Bratislava, Slovakia. Initially 64 people 
were recruited, however due to drop out of 7 of them the sam-
ple for analysis consisted of 57 subjects (26 males, 31 females) 
divided into three balanced groups based on allergy and anxiety.
Assignment to allergy group was assessed based on individual 
history (occurrence of allergic symptoms for at least 2 years) and 
diagnosis of allergy based on a skin prick test performed by an 
allergologist. Both subjects with allergic rhinitis (AR) and atopic 
dermatitis (AD), as well as combined symptoms of both, were 
included. Subjects in non-allergy groups had no allergy symp-
toms and negative allergy anamnesis dating back to childhood. 
Trait anxiety was measured via Slovak version of State and trait 
anxiety inventory (STAI-T) (11,27). Subjects were allocated to 
high and low anxiety groups based on cut off score: low anxiety 
< 39, high anxiety > 49. All who scored in between these values 
were not included in this study. This design was chosen based 
on prior stress research on Slovak sample (28) to include only 
very anxious, and on the other hand low anxious people. 
Subjects suffering from cardiovascular, endocrine, psychiatric 
or any other chronic disease, which could affect HR and HRV 
variables, and subjects who regularly took medication (e.g. an-
tihistamines, corticosteroids for allergy), or had any other pos-
sibly confounding conditions were excluded from the study. 
Some included allergic subjects took allergic medication season-
ally, therefore only measurements from medication-free periods 
were included in data analysis. 
Written informed consent was obtained from all subjects after 
explanation of all research procedures. The study was approved 
by ethics committee of the Trnava Self-Governing Region, Tr-
nava, Slovakia. 

Data Collection

This study used repeated measurements design, with HR and 
HRV data collected between November 2014 and November 
2016 in separate measurements. Research subjects were given 
randomly selected dates, during their everyday lives, in which 
data collection was performed. Moreover, one stressful and one 

High anxiety and anxiety disorders were previously associated 
with increased cardiovascular risk (10), reduced overall HRV, 
and vagal HRV indices in anxiety disorders were concluded in 
recent meta-analysis (11). While findings in pathological anx-
iety are quite consistent across various studies (for review, see 
11), HRV changes in subclinical anxiety are not so univocal. 
The assumption that chronic anxiety may be associated with 
trait-like lowered vagal tone (9) was supported by some studies, 
which found lowered HRV in highly anxious people (12,13). 
However, there has been a problem with replication of these 
results on other data, with small effects attributable to anxiety, 
while acute stress related reductions of HRV were reliably ob-
served (14). 

Anxiety and allergy 

Current neuroendocrinology research on allergy underlines 
the importance of psychological factors, such as stress, in the 
onset and pathogenesis of allergies (15). Cumulative allostatic 
load may play a part in allergic inflammatory process as well 
as changes in psychological states, e.g. feelings of anxiety (3). 
Increased trait anxiety was correlated with elevated levels of IgE 
and increase in Th2 immune response, which play a critical role 
in development of allergy (16). Other studies (17,18) found 
that personality traits such as anxiety, depression, a high emo-
tional excitability, as well as higher comorbidity of anxiety dis-
orders were linked to major allergic disorders (atopic dermatitis, 
allergic rhinitis, allergic asthma). 
Based on associations between allergy and anxiety, as well as on 
expected discomfort due to the presence of allergic symptoms, 
reduced HRV in allergy would be expected. Recent HRV stud-
ies, however, show that allergic patients exhibited an increase 
in overall HRV, as well as in HRV on respiratory frequencies. 
Increased HRV in adults suffering from allergic rhinitis (AR) 
(19,20) as well as children (21), imply parasympathetic pre-
dominance and/or sympathetic withdrawal in AR. Similar find-
ings were obtained for atopic dermatitis (AD) as well (22).
Based on described links between high trait anxiety and aller-
gy, we aim to investigate HR, HRV and subjectively perceived 
stress differences, in allergic and high trait anxious people. Be-
cause of strong comorbidity of allergy and high trait anxiety, it 
is difficult to access effects of allergy and anxiety on psycholog-
ical and physiological functioning separately (23). We studied 
differences between groups of low anxious allergic, and high 
anxious healthy subjects, and compared them to low anxious 
healthy controls, to examine factors of allergy and high trait 
anxiety independently. 
Another important characteristic of this study is the naturalistic 
design of data acquisition. Following our previous studies with 
laboratory design (24), and based on naturalistic studies with 
salivary cortisol (25) and studies of long term HRV or HRV in 



21Allergy and anxiety are related to increased HRV

time domain parameters, spectral analysis via fast Fourier trans-
form and non-linear analyses of Poincare plot characteristics, 
and fractal characteristics such as Entropy and Detrended fluc-
tuation analysis (DFA).
As indicators of overall HR variability, we used SDNN (stan-
dard deviation of all R-R intervals) from time-domain analysis, 
Total power from spectral analysis, and SD2 (standard devia-
tion of long term RR interval variability) from Poincaré plot. All 
these parameters are normally highly correlated. 
Similarly, HRV on respiratory frequencies, which are predomi-
nantly associated with vagal activity, were used as follows: RMS-
SD (the square root of mean squared successive R-R differences) 
from time domain analysis, high frequency (HF) HRV fluctua-
tions (frequency: 0.15~0.4 Hz) from spectral analysis, and SD1 
(standard deviation of short term RR interval variability) from 
Poincaré plot. These indices capture fast beat-to beat changes 
on respiratory frequencies which are attributable to inhibitory 
control via vagal nerve (5,7,31). We also investigated HRV on 
lower frequencies (LF) (0.04~0.15 Hz) and very low frequencies 
(VLF) (< 0.04) that are thought to be modulated by a mix of 
both sympathetic and vagal influences as well as baroreflex in-
fluences, thermoregulatory processess etc. (31,32).
From non-linear HRV parameters, we analyzed approximate 
entropy (ApEn) as a measure of overall complexity and unpre-
dictability of HR series (33) and Detrended fluctuation anal-
ysis (DFA). DFA is a scaling method, which estimates fractal 
(self-similarity) attributes on both short term α1 (4-11 heart 
beats) and long term α2 scale (33,34).

Statistical analysis

HRV measures naturally show large variances between mea-
sures. To enable statistical analyses, HRV variables from time 
domain, spectral and Poincaré plot analysis (SDNN, RMSSD, 
Total power, VLF, LF, HF, SD1 and SD2) were transformed 
by log10. Non-linear HRV variables (ApEn, DFAα1, DFAα2) 
were normally distributed, therefore remained untransformed. 
To investigate both between and within subject effects, mixed 
regression modeling was used. This approach is appropriate for 
multiple repeated measures with both fixed and random param-
eters (35). Analysis was performed in IBM SPSS 20 software. 
Mixed regression modeling used HR and HRV, and subjectively 
perceived stress measures as outcome variables in separate subse-
quent analyses. Categories of sex and research groups were used 
as fixed factors, while subject identity during five repeated mea-
surements was a random factor. Unstructured co-variance struc-
ture was used due to the number of repeated measurements and 
unknown co-variance structure of the data. Further reported 
model provided the best fit while comparing Schwarz’s Bayesian 
Criterion (BIC) to models with different combination of factors 
or co-variation structures. 

relax day were individually agreed upon with each subject, rel-
ative to events in subjects’ lives. This study includes data from 
5 measurements from each subject, including both one stressful 
and one relax day. 
ECG recording was performed via portable eMotion Faros 90° 
or Faros 180° ECG devices. Electrodes of ECG device were at-
tached to subject’s chest - one on the right side, under the clav-
icle, the other on the left under the ribcage. 
At the beginning of data collection, all subjects were given in-
structions on how to apply the portable device and how to start 
and terminate the recording. All information was given to sub-
jects in spoken as well as written form, and on research web-
site (www.dlhodobymonitoring.sk), where they could also find 
dates of measurements, and all necessary information. Subjects 
could also contact research team via telephone, and were also 
regularly informed on research procedures. 
Twenty-min ECG recordings and subjective emotional assessments 
were done in the morning, afternoon and evening, corresponding 
to sample collection for salivary cortisol, which will be analyzed 
and published separately. During all 20-min ECG measurements, 
subjects were instructed to be seated and relaxed. Evening ECG 
measurements were chosen as most appropriate for HRV analysis, 
due to the least missing data and movement artifacts. Morning and 
afternoon measurements were investigated via the same analyses 
and yielded congruent results to those described here. 
Subjective assessment checklist was presented in paper form 
with separate pages for each measurement, containing questions 
about possible confound variables (e.g. alcohol, smoking, active 
movement or activity before measurement) and emotional states 
via list of adjectives compiled for this study. Used adjectives were 
related to feelings of stress, exhaustion and positive affect, which 
were proposed as latent factors via exploratory factor analysis. 
For assessment of more long-term perception of stress, sub-
jects filled Slovak version of perceived stress scale (PSS) (29) on 
each research day. PSS scale contains 10 statements that assess 
the extent in which a subject perceives their life as unpredict-
able, uncontrollable and overloading. Moreover, subjects were 
also instructed to write down stressful events which influenced 
them on the measurement day, and rate their stressfulness on a 
5-point scale.

Heart rate variability analysis and measures

HR and HRV measures were obtained from ECG recording 
with sampling rate 250 Hz. For purposes of HRV, two 5-min 
long windows were extracted from each recording and averaged. 
HRV analysis was realized via Kubios HRV software (30), and 
all included R-R intervals were manually checked for artifacts 
and ectopic beats. Only continuous 5-min artifact free periods 
were included. Deleted ectopic beats represented less than 1% 
of used R-R intervals. Subsequently, data were analyzed using 
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however difference between allergy and control group was sig-
nificant (see Table II).

Assessing effects of sex 

Differences between men and women in HR and HRV were 
assessed as a fixed factor. Women showed significantly higher 
heart rate (80.856 bpm) than men (74.014 bpm) F (1, 58.35) 
= 13.41, p < 0.01. Sex was also a statistically significant factor 
for overall HRV: SDNN: F (1, 58.07) = 4.64, p < 0.04; total 
spectral power: F (1, 57.34) = 7.18, p < 0.01; SD2: F (1, 60.34) 
= 6.68, p < 0.01. Mean values for men and women as well as 
estimated differences are summarized in Table III. 

Furthermore, relationships between HRV measures and sub-
jective stress measures were investigated via partial correlations 
controlled for base heart rate of the subject. This was done to 
control for large interindividual variability in basal HR.

Results

The sample analyzed in this study consisted of 57 subjects (26 
males, 31 females). To compare allergy and non-allergy highly 
anxious subjects, three research groups were formed: a, Allergic 
subjects with low trait anxiety (n = 20); b, highly trait anxious 
subjects with no allergy symptoms (n = 19) and c, low anxious 
controls with no allergy symptoms (n = 18). All groups were 
balanced based on subjects’ sex, age and body mass index (BMI) 
(for a summary of groups, see Table I).

Assessing effects of allergy and anxiety 

Results of multiple regression model for individual outcome 
variables showed fixed effect of research group on overall HRV: 
SDNN: F (df = 2, 55.92) = 6.05, p < 0.01; Total spectral power: 
F (2, 55.18) = 4.21, p < 0.02; SD2: F (2, 58.29) = 6.49, p < 
0.01. A similar effect was observed in HRV on respiratory fre-
quencies: RMSSD: F (2, 58.83) = 3.82, p < 0.03; HF-HRV: F 
(2, 56.94) = 3.53, p < 0.04; SD1: F (2, 58.88) = 3.6, p < 0.04. 
Separate comparison of allergy and high trait anxiety group 
with controls is shown in following Table II, which summarizes 
mean values for individual variables and estimated difference of 
allergy and anxiety groups from controls.
HRV indices from spectral analysis, which represent slower 
changes in HR, have shown significant between group differ-
ences in VLF: F (2, 51.2) = 4.63, p < 0.02, but not LF F (2, 
56.42) = 1.48, p = 0.24.
Differences in non-linear variables for allergy and trait anxiety 
were not significant: ApEn: F (2, 57.06) = 0.36, p = 0.7; DFA 
parameter α1: F (2, 58.81) = 0.83, p = 0.44; DFA parameter α2 
F (2, 58.96) = 1.25, p = 0.3. Although no statistically significant 
differences were observed in non-linear parameters, α1 showed 
opposite trend in allergy and trait anxiety group to the rest of HRV 
variables in time domain and spectral analysis (see Table II). 
Effects of research group on basal heart rate (in beats per min-
ute, bpm) was not significant F (2, 56.28) = 2.31, p = 0.11, 

Table 1 - General characteristics of research sample (body mass index and age - mean + std. error).

N BMI Age

a, allergy + low trait anxiety 20 subjects (10 males, 10 females) 23.15 ± 0.679 21.3 ± 0.805

b, healthy + high trait anxiety 19 subjects (8 males, 11 females) 20.679 ± 0.481 20.421 ± 0.618

c, healthy + low trait anxiety 18 subjects (8 males, 10 females) 22.422 ± 0.602 19.611 ± 0.231

Table II - Between group differences in HR and HRV.

HR  
and HRV  
variables

Experimental group

allergy
high trait  
anxiety

control

HR (bpm) 75.355 (- 4.775)1 76.819 (- 3.311) 80.13

SDNN 
(log10)

1.838 (+ 0.119)2 1.830 (+ 0.111)1 1.719

RMSSD 
(log10)

1.651 (+ 0.152)1 1.648 (+ 0.149)1 1.499

TP (log10) 3.622 (+ 0.194)1 3.611 (+ 0.183)1 3.428

VLF 
(log10)

3.230 (+ 0.213)2 3.212 (+ 0.195)1 3.017

LF (log10) 3.154 (+ 0.123) 3.119 (+ 0.088) 3.031

HF (log10) 2.812 (+ 0.269)1 2.797 (+ 0.254)1 2.543

SD1 
(log10)

1.501 (+ 0.148)1 1.499 (+ 0.146)1 1.353

SD2 
(log10)

1.958 (+ 0.116)2 1.949 (+ 0.106)2 1.842

ApEn 1.113 (+ 0.012) 1.111 (+ 0.009) 1.101

DFAα1 1.194 (- 0.069) 1.212 (- 0.05) 1.263

DFAα2 0.852 (+ 0.001) 0.889 (+ 0.038) 0.852
Estimated marginal means values, parameter estimate values compared to con-
trol group in brackets. Statistical significance value (p): 1 < 0.05, 2 < 0.01.
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Respiratory frequencies HRV have shown no significant main 
effect of sex. However, the interaction of both research group 
and sex was observed for HF-HRV F (2, 50.76) = 4.41, p < 
0.02 and similar not significant interaction for RMSSD: F (2, 
50.97) = 2.75, p < 0.07. Different results in allergy and anxiety 
comparison between men and women were observed in other 
HRV variables as well; the interaction of factors was significant 
only in respiratory HRV parameters. Comparison of men and 
women in three research groups is shown in Figure 1. 
Differences between sexes were also observed in non-linear 
HRV parameters of entropy (ApEn) F (1, 58.01) = 6.95, p < 
0.01, which was higher in women; and detrended fluctuations 
analysis α1 F (1, 60.52) = 4.65, p < 0.04, higher in men (for 
summary see Table III).

Subjectively perceived stress differences

For assessing subjectively perceived stress, Slovak translation of 
perceived stress scale (PSS) (Cohen, Kamarck, and Mermelstein, 
1983) (29), and assessment of adjectives describing emotional 
states related to stress, exhaustion and positive affect, were used. 

Table III - Sex differences in HR and HRV.

HR and HRV 
variables

Sex Parameter  
estimatefemale male

HR (bpm) 80.856 74.014 + 6.8412

SDNN (log10) 1.763 1.829 - 0.0671

RMSSD (log10) 1.570 1.629 - 0.059

TP (log10) 3.472 3.635 - 0.1642

VLF (log10) 3.073 3.233 - 0.1601

LF (log10) 3.030 3.173 - 0.1431

HF (log10) 2.708 2.727 - 0.019

SD1 (log10) 1.423 1.479 - 0.056

SD2 (log10) 1.879 1.954 - 0.0751

ApEn 1.124 1.092 + 0.0321

DFAα1 1.174 1.272 - 0.0981

DFAα2 0.854 0.875 - 0.021
Estimated marginal means values for men and women and parameter estimate 
values. Statistical significance value (p): 1 < 0.05, 2 < 0.01. 

Figure 1 - Between group and between sex differences for HR, SDNN, HF-HRV and DFAα1.
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served HRV changes in allergy is still not known. One hypoth-
esis states that these effects may be attributed to the role of ef-
ferent vagus nerve in anti-inflammatory pathway (38). Increase 
in vagal activation may be a result of counter regulatory mech-
anism in response to allergic inflammation (22). On the other 
hand, HRV increase may also be due to sympathetic withdrawal 
associated with allergic inflammation itself and Th2 immune re-
sponse, which increases local sympathetic activity in allergic re-
action sites and decreases systemic sympathetic activity (39,40).

HRV changes in high trait anxiety 

While there is more evidence for decrease in HR and increase in 
HRV for allergy, similar results in the high trait anxiety group 
are quite surprising. High trait anxiety was in most previous 
studies associated with an opposite effect of HR increase and 
HRV decrease (for a review, see 9).
However, findings of dysregulated stress response in highly 
anxious subjects were reported earlier. Duncko et al. (28) re-
ported blunted cortisol as well as blunted noradrenaline and 
adrenaline responses, during acute stress in highly trait anx-
ious individuals. These findings were interpreted in context of 
allostatic model, as inability to react with adaptive stress reac-
tion. While allergy is often associated with increases in anxiety, 
depression and problems in emotional regulation (17,18), ef-
fects of blunted cortisol (41) as well as salivary alpha amylase, 
which is commonly associated with sympathetic activity (42) 
and aldosterone (24) were reported for both allergy as well as 
high trait anxiety.
Based on the mentioned effects we could speculate whether 
choosing only very high trait anxious subjects (STAI-T score < 
49) and contrarily very low anxious subjects as controls (STAI-T 
< 39) could play a role in the observed effects. 
While Bornas et al. (26) found differences between high trait 
anxiety subjects and controls in entropy measures, our results 
showed no differences in ApEn, however DFAα1 had lower 
values in both high trait anxiety and allergy group. These are 
consistent with significant negative correlation of DFAα1 and 
subjectively perceived stress (via PSS and adjective scales).

Sex differences and between group changes

Among the sex differences we recorded higher mean HR and 
lower overall HRV (SDNN, total spectral power, SD2 from 
Poincaré plot) in women, which is consistent with data from 
previously done meta-analysis of 172 HRV studies (43). In our 
data, lower VLF and LF variability in women were observed, 
while we detected no differences in fast beat-to-beat changes 
(HF, RMSSD). Differences in non-linear HRV showed higher 
entropy (ApEn) in women, while DFAα1 was lower consistent-
ly with meta-analysis results (43). 

In multilevel regression model with the same factors as HR and 
HRV analysis, score from PSS differed significantly (p < 0.01) 
between high trait anxiety group (mean score 21.51) and two 
remaining groups (allergy 16.00; control 14.93). Differences 
between sexes were not significant (p = 0.12), women however 
showed slightly higher mean values (18.31) than men (16.66).
Group differences between scores from adjective scales were 
found for stress adjectives (non-parametric Kruskal-Wallis test, 
p < 0.01), with higher score in high trait anxiety group (10.29) 
compared to allergy (8.38) and control group (8.02), and pos-
itive emotion adjectives (p < 0.01) in high trait anxiety group 
(9.83), allergy (11.88), control (11.92). No statistically signifi-
cant differences were found in exhaustion adjectives.
The relationship between HRV and subjective measures was 
investigated using partial correlations controlled for variable of 
heart rate, to eliminate individual differences in basal HR. Per-
ceived stress (raw score from PSS test) correlated positively with 
VLF-HRV (r = 0.23, p < 0.01) and DFAα2 (r = 0.22, p < 0.01) 
and negatively with DFAα1 (r = - 0.20, p < 0.02). DFA α1 
also correlated negatively with subjectively perceived exhaustion 
from adjectives scale (r = - 0.17, p < 0.05).
DFAα2 correlated with feeling of stress from adjectives scale (r 
= 0.20, p < 0.02) and occurrence of stressful events reported in 
subjective checklist (r = 0.17, p < 0.05).

Discussion

Naturalistic design proposed in this study was used to evaluate 
HR and HRV changes and subjective feelings of stress during 
normal day to day life. To make the design the least intrusive to 
the subjects and to collect reasonable amount of data, we used 
several repeated measurements, performed at the arranged dates 
by each subject. 
Results from the repeated measurement design reported here 
showed lowered heart rate (HR) in both allergic and highly anx-
ious subjects. From HRV measures, increases of overall HRV 
(measured via SDNN, Total power and SD2) as well as increases 
of HRV on respiratory frequencies (RMSSD, HF, SD1) were ob-
served in both allergy and high trait anxiety group. While these 
HRV indices associated mostly with parasympathetic influences 
were increased, similar increases were found also in VLF-HRV, 
which corresponds to Tran et al. (36), where increases of VLF 
HRV were interpreted as sympathetic hyperactivation. On the 
other hand, DFAα1, which is an indicator of fractal attributes 
of healthy HR complexity, showed lowered values in both aller-
gy and high anxiety group. 

Allergy and HRV increase

Effect of increased HRV was expected in allergy, due to prior 
research (for a review, see 37). However, the mechanism of ob-
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tion with PSS score, as well as feelings of stress from adjective 
scales and reported occurrence of stressful events on the day of 
the measurement, were reported. DFAα2 is normally correlated 
with long term variability measures from spectral analysis, VLF 
and LF HRV (33). Similar trends for VLF-HRV and DFAα2 
were apparent in our data as well. 

Naturalistic design specifics and limits 

Main aim of the naturalistic design used in this study was to 
investigate more ecologically valid measurements of stress in fol-
low up to our previously realized laboratory studies. HR, HRV 
and subjectively experienced stress were measured in response to 
normal day to day stressors, which were in our data mostly work 
related (50%) or related to personal situations, e.g. relationships 
etc. (40.2%). 
Like Bornas et al. (26), we assume that investigating HRV in 
naturalistic setting may reveal more relevant information on 
subjects’ reactivity during normal functioning. One of the most 
notable advantages of our design, was very little intrusiveness 
from the research team and therefore an insight on subject real-
istic functioning. The use of small and portable eMotion Faros 
ECG devices enabled us to design this HRV study in the least 
intrusive way. 
On the other hand, there are limitations associated with this 
kind of design. Even though the cooperation with the subjects 
was mostly flawless, there were some who due to errors in ECG 
measurements, movement artifacts or problems in communi-
cation had to be excluded from the study, with their data not 
considered. 
Possible confounding variables as movement, use of medi-
cation or other substances (caffeine, alcohol etc.) were moni-
tored via self-assessment before each measurement. Possibly, 
subjects could fail to mention any conditions or medication, 
which might have been important. Furthermore, possible aller-
gy symptoms in non-allergy group were not tested, only asked 
about in self-assessment. Therefore, there is a chance of some 
subjects being allergic despite not knowing about it.

Clinical relevance of the results

HRV changes in allergy and anxiety described here, as well as rela-
tionship between the two might lead to several clinically relevant 
consequences. Due to similar psychophysiological changes (24) 
and reported comorbidity of anxiety and allergy (16,17,18,23) 
as well as the role of stress in allergic process (15), psychological 
interventions aimed on better coping and reduction of anxiety 
could be beneficial to allergic patients (45). Similarly, interven-
tions based on normalization of HRV such as HRV biofeedback 
might also be employed, which has already been demonstrated in 
a study with asthma (46). Future research is necessary to evaluate 

Interestingly, we found sex related differences in HRV changes 
attributable to allergy and high trait anxiety. All between group 
effects were more pronounced in women (see Figure 1), while 
effect of allergy and anxiety in respiratory frequencies HRV 
(RMSSD, HF, SD1) showed different trends between men and 
women. Increased vagal HRV parameters were not present in 
male subjects, though this effect was very strong in women (see 
Figure 1). These sex differences in vagal HRV related to allergy 
and anxiety are not clear, and they should be investigated more 
thoroughly with a larger number of subjects.
Differences between sexes in HRV, with both higher HR and va-
gally mediated HRV in women while men show higher overall 
variability, may be related to the effects of estrogen (44), which 
could attribute to more vagal activation. Moreover, higher levels 
of oxytocin were also associated with increased vagal tone and 
slowing of HR (43).

Changes in subjectively perceived stress and HRV

In intergroup comparison, both PSS score and score from stress 
related adjectives were significantly higher in high trait anxiety 
group compared to low anxious allergy and control group. An 
opposite trend was observable in positive affect adjectives, which 
were lower in high trait anxiety group. Differences between low 
anxious allergy and control group were small and statistically 
insignificant for all subjectively experienced stress measures. 
While stronger reported experience of stress and less positive 
emotion were expected in high trait anxiety group, an interest-
ing finding is the indifference of allergy group to controls. We 
assume therefore that differences in subjectively reported stress 
are related to psychological trait of anxiety, not allergy itself. 
The association of allergy and higher subjective feelings of stress 
reported by numerous studies, might be explained by comor-
bidity of allergy and high trait anxiety described earlier (17,23).
Besides intergroup differences, correlation between HRV mea-
sures and subjective self-assessment were tested. Correlations 
were controlled for heart rate, which could partially eliminate 
strong individual variance in HRV. Positive relationship be-
tween VLF-HRV and PSS score was found, indicating higher 
VLF-HRV in psychological distress. Though VLF-HRV was 
previously interpreted in relation to sympathetic activity (36), 
it is also strongly correlated with all other spectral HRV param-
eters (Total power, LF, HF) indicating both sympathetic and 
vagal influences. 
From non-linear parameters, DFAα1 correlated negatively 
with perceived stress, while DFAα2 showed opposite tenden-
cy. DFAα1, which is regarded as a marker of short term HRV 
complexity and healthy HRV was lowered when perceived stress 
was higher, as well as it was stably lower in allergy and high 
trait anxiety group. DFAα2, which should indicate long term 
complexity, showed exactly opposite manner. Positive correla-
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the effectiveness of different psychological interventions and their 
contribution to the treatment of allergy. 

Conclusion

This study investigated HRV differences in allergic and highly 
anxious subjects during their normal day to day functioning. 
Complete analysis of HRV results showed decreased HR and 
increased overall HRV in both allergy and high trait anxiety 
group. While between group differences were most notable in 
overall HRV indices (SDNN, total spectral power, VLF, SD2) 
increases in vagal HRV indices (RMSSD, HF-HRV, SD1) were 
also present. From non-linear HRV indices, lowered DFAα1 in 
both allergy and high trait anxiety was observed. Interestingly, 
HRV differences related to allergy and anxiety interacted with 
subjects’ sex showing notable increases in HRV in women, while 
no significant effects were observed in men. 
Subjective measures of stress showed increases in high trait anx-
iety group, while low-anxious allergy group scored similarly 
to controls. Based on this, we assume that previously reported 
increase in subjectively experienced stress in allergy could be a 
consequence of difference in trait anxiety. 
Correlations between HRV indices and subjectively reported 
feeling of stress were found for PSS and adjective scales and 
non-linear DFAα1 and α2, showing opposite tendencies. 
Research design used in this study offered a naturalistic approach 
to monitoring of HRV in everyday life stressful situations. 
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