446

@)ev-ne | 8

ORIGINAL PAPERS

International Journal of Occupational Medicine and Environmental Health 2012;25(4):446-455
DOI 10.2478/s13382-012-0059-x

HEART RATE VARIABILITY (HRV) ANALYSIS IN RADIO
AND TV BROADCASTING STATIONS WORKERS

ALICJA BORTKIEWICZ!, ELZBIETA GADZICKA!, WIESLAW SZYMCZAK?,
and MAREK ZMYSLONY?

! Nofer Institute of Occupational Medicine, £.6dz, Poland
Department of Work Physiology and Ergonomics

? Nofer Institute of Occupational Medicine, £.6dz, Poland
Department of Radiological Protection

3 University of £.6dz, £.0dZ, Poland

Department of Psychological Research Methodology and Statistics

Abstract

Objectives: The aim of the study was to assess the mechanism of cardiovascular impairments in workers exposed to
UHEF-VHF radio frequency electromagnetic fields (EMF). Materials and Methods: Heart rate variability (HRV) was
analysed using 512 normal heart beats registered at rest. The analysis concerned time-domain (STD R-R) and frequency-
domain (VLE LE HF) parameters of HRV. Fifty nine workers (group I) with low-level and 12 workers (group II) with high-
level exposure were examined. The mean age of the subjects was 47+9 years and 41+14 years, and mean exposure dura-
tion 19.1+8.8 years and 13+4 years, in groups I and II, respectively. The groups were divided according to: E_,E, ,E_
for frequencies UHE, VHF and UHF+VHE: The control group consisted of 42 non-exposed subjects, aged 49+8§ years.
Statistical analysis comprised one-way analysis of variance, covariance analysis and logistic regression models. Results: In
the exposed groups, the heart rate was higher than in the control one. Standard deviation of R-R intervals (STD R-R) was
found to be significantly (p = 0.0285) lower in group I (42.5+24.7 ms) compared to the control group (62.9+53.5 ms). The
risk of lowered STD R-R was significantly increased (OR = 2.37, p = 0.023) in group II. Both exposed groups presented
significantly higher VLF and LF values than the control group (p = 0.005 and p = 0.0025, respectively). The EMF-exposed
groups were characterised by the dominance of the sympathetic system (LF/HF 1.3£0.35). Conclusions: The results indi-
cate that exposure to radiofrequency EMF may affect the neurovegetative regulation.
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INTRODUCTION

In recent years, there has been a rapid increase in the
use of devices emitting radio and microwave (100 kHz -
300 GHz) electromagnetic fields EME These include the
radio and television broadcasting stations, consumer devic-
es such as microwave ovens and mobile phones. The rapid
growth in the number of people exposed to radio- and mi-
crowave-frequency EMF has spurred an increasing interest
in their impact on the human and possible adverse health
effects. Although exposure levels attributable to those de-
vices are below the maximum admissible levels specified by
relevant regulations, it should be noted that these regula-
tions are based on the anticipated thermal effects, while
non-thermal effects have been ignored. Numerous studies
are being currently undertaken aiming at clarification of the
possible health effects of exposure to such EMF levels. It is
believed that the autonomic nervous system which regu-
lates the function of, among others, cardiovascular system
is the system that may be sensitive to weak EME
Literature data on the impact of the radio-frequency EMF
on the function of the autonomic nervous system and
cardiovascular system is scarce and derives mainly from
experimental studies [1]. Moreover, the results of these
studies cannot be extrapolated to humans. The research
team from the Nofer Institute of Occupational Medicine,
L.6dz, Poland, has continued for a couple of years projects
regarding cardiovascular function and its neurovegetative
regulation in workers occupationally exposed to different
frequency EMF: at switchyard substations (50 Hz) [2,3],
at medium frequency (MF) broadcasting stations
(1 MHz) [4], at high frequency (HF) communication cen-
tres (10-50 MHz) and radioservices (160 MHz) [5,6].

The resultant findings indicate that EMF exposure in-
duces various cardiovascular abnormalities, of the types
depending on EMF frequency. Exposure to MF EMF re-
sulted in an increased number of abnormal ECG records,
mostly ventricular heart rhythm disturbances, while expo-
sure to power frequency EMF, in an increased percentage

of the subjects with elevated blood pressure (BP) and dis-
turbed day-night BP regulation. EMF can influence car-
diovascular function by a number of pathways leading to
cardiovascular diseases (CVD), promoting pathological
processes and triggering acute cardiac events. However,
the dysregulation of the autonomic nervous system seems
to be the major adverse effect of the EMF exposure.

The aim of the study was to evaluate autonomic regula-
tion of cardiovascular system in workers exposed to UHF
(300-3000 MHz) - VHF (30-300 MHz) radio frequen-
cy EME

For the purpose of this study, the heart rate variability
analysis has been performed as it allows for monitoring
of the sympathetic and parasympathetic activity of the
autonomic nervous system [7]. The method has become
commonly applied in the diagnostics of diabetic neuro-
pathy and the risk assessment of a sudden cardiac death
in post-infarction patients as well as for screening other
cardiovascular and neurological disorders [8-11]. It is
also used in experimental physiological studies [12,13],
but is rarely applied to individual examinations of peo-
ple occupationally exposed to various occupational fac-
tors [14].

MATERIALS AND METHODS

The exposed group consisted of technical personnel and
security service male workers, aged 28-66, with the period
of work ranging from 3 to 35 years, who were qualified
by the occupational health practitioners as capable of
work at permissible EMF levels. The examinations were
carried out in 71 workers at four Broadcast Stations,
who were exposed to VHF and UHF EME. The Broad-
cast Stations selected for the study operate at frequencies
ranging from 66-727 MHz. These objects are characte-
rised by permanent exposure of their workers to electro-
magnetic fields (mostly electric field). The main source
of EMF are the transmitting antennas (half-wave dipole),
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radio transmitters and feeders (which conduct radio sig-
nals from the transmitter to the antenna). The duties of
the Broadcast Station workers included operation of the
broadcasting devices, control of the quality parameters
and maintenance of broadcasting as scheduled. The ex-
posed group was subdivided, according to exposure level,
into two groups:

- Group I - low-level exposure — 59 subjects aged 47+9

years, period of work: 19.1+8.8 years.
— Group II-high-level exposure - 12 subjects aged 41+ 14
years, period of work: 13+4 years.

Characteristiscs of exposure is displayed in Table 1.

The control group consisted of 42 workers of four Radio
Link Stations (RLS) aged 33-64 years, mean 49+38, period
of work 13+4 years. Radio Link Stations are the elements
of a telecommunication system in which signals are trans-
mitted using EM waves focused into very narrow beams
by directional (mostly parabolic) antennas. Due to the fact
that the antennas are installed in highly inaccessible lo-
cations and that the radiation beams run high above the
ground, the workers of the Radio Link Stations are free
from exposure. The control group was similar to the ex-
posed group in terms of the tasks to be performed and
organization of work. As regards the exposed and control

Table 1. Characteristics of the study populations

group, all the workers currently employed in a given or-
ganization included in the project were subjected to the
examination. Characteristics of the examined groups is
presented in Table 2.

All workers gave their formal consent prior to inclusion
to the study. The protocol was approved by the Regional
Biomedical Ethics Committee.

METHODS

The workers had the following performed: an interview
including cardiological and family history, dietary habits,
and leisure time activities, general medical examination
with blood pressure measurement, heart rate variability
(HRV) analysis.

To assess the neurovegetative regulation, resting heart
rate variability was analysed. It is a sensitive method that
enables assessment of the activity of the particular parts of
the autonomic nervous system. An essential advantage of
this method is that it is non-invasive and does not require
active cooperation of the subject examined. HRV analy-
sis was performed using the Medea system (Gliwice,
Poland) from X, Y, Z orthogonal leads, when patient
was in a horizontal position, after 10-min rest, during

Exposed groups
Parameters I I Group 0 (control)

Workers (n) 59 12 42
Age (years) 47+9* 4412 49+8
Period of employment (years) 21+10 18+11 17+13
Medical interview (n,%)

hypertension subjective 8 (14) 3(25) 8(19)

cardiovascular symptoms 30 (51) 5(42) 15(29)
Body mass index 27+4 26%6 25+4
Smokers (> 10 cigarettes a day) (n,%) 24 (41) 6 (50) 17 (40)
Subjects reporting alcohol consumption 7(12)* 5(42) 25(59)

(not less frequently than once a month) (n,%)

* Statistically significant difference (p < 0.05).

[JOMEH 2012;25(4)
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Table 2. Exposure characteristics

E
Groups (Vzﬁﬁ;z) (Vn;;la;) (V7 Igﬁ)
UHF VHF UHF VHF UHF VHF UHF VHF UHF VHF UHF VHF

Group I

M 288 6570 6 848 0.3 0.3 53 0.9 79

SD 304 8 848 9026 03 03 6.9 0.7 5.7
Group II

M 130130 640583 771200 25 27 6.8 15.2 16.7

SD 86116 423505 509990 0.1 0.1 0.0 0.0 0.0

Statistical significance (p)  0.0001  0.0001 0.0001

0.0001  0.0001 0.0001 0.0001  0.0001 > 0.05

do
E ., —meanvalue of E.

meal

E, ,— maximum value of the electric field strength.
UHF - ultra high frequency (300-3000 MHz).
VHF - very high frequency (30-300 MHz).

M - mean value, SD - standard deviation.

spontaneous breathing. Considering that HRV param-
eters were significantly affected by the time of the day,
intake of food, drugs or condiments, etc., the examina-
tions were performed in standard conditions. The work-
ers were examined before work, 2 h after a light meal.
Before the examination, the patients refrained from the
intake of drinks containing caffeine, theine, or alcohol
and from smoking tobacco. None of the examined sub-
jects took drugs which might affect autonomic nervous
system (such as e.g. beta blockers). Five hundred twelve
consecutive, normal cardiac evolutions (cycles) were reg-
istered under resting conditions.

ECG signal is sampled at a rate of 2000 samples per sec.
and filtered to remove ectopic activity and artefacts prior
to R-R interval file generation. The system has a high ac-
curacy of QRS detection. The collected short-term ECG
records were used to determine time- and frequency-do-
main parameters. Statistical analysis made it possible to
calculate the following: mean R-R interval; R-R standard
deviation; median, modal, minimum and maximum R-R
values. ECG records were also subjected to the Fast Fou-
rier Transformation (FFT) using the Blackman-Harris

E,. —lifetime dose of E, calculated from the history of employment and job timetable.

window. The power spectrum density (area covered by
the power spectrum) was computed for the following
frequency bands: very low (VLF): 0.0167-0.05 Hz; low
(LF): 0.05-0.15 Hz; high (HF): 0.15-0.35 Hz; ultra high
(UHF): 0.35-0.50 Hz, and expressed as a percentage of the
total power spectrum calculated as the sum of the power
spectra for 0.0167-0.5 Hz frequency range. According to
the commonly adopted interpretation, the high-frequency
power spectrum (HF) is parasympathetic-mediated, while
the low-frequency one (LF) is sympathetic/parasympa-
thetic- mediated. The LF/HF ratio indicates sympathova-
gal balance [7].

Exposure evaluation

Assessment of exposure has been based on a spectral anal-
ysis for a typical broadcasting station in the UHF and VHF
bands and on the specifications of the apparatus installed
there. To assess individual exposure to EME, the follow-
ing parameters were calculated separately for VHE UHF
and VHF+UHF:

- maximum value of the electric field strength (E ),

max

- meanvalue of E(E__ ),
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- lifetime dose of E (E, ), calculated from the history of
employment and job timetable.
The method for the assessment of these values has been

presented elsewhere [15].

Statistical analysis

The results were analysed using the following methods:
chi-square test (for proportions) and Student t-test (for
normal distributions), or non-parametric Mann Whitney
test for other distributions, to analyse differences between
groups, Fisher exact test to compare the prevalence of car-
diovascular abnormalities, covariance analysis to assess
the effect of exposure on the continuous variables, while
eliminating the confounding factors (age, tobacco smok-
ing, alcohol consumption etc.), logistic regression models
to calculate the relative risk of cardiovascular impairments
as the effect of exposure and/or confounding factors.

For all of the used statistical tests significance level
a = 0.05 was established. For analysis the software:
SPSS version12 was used.

Table 3. Time-domain parameters of heart rate variability

RESULTS

Out of 71 of the exposed subjects, 36 (51%) workers re-
ported cardiovscular symptoms, including dyspnoea, pain
or discomfort in the chest or feeling of irregular heart
beat. In the control group, similar complaints were report-
ed by 15 (29%) workers. During medical examination, 24
(34%) people from the exposed group and 8 (19%) from
the control group had elevated arterial blood pressure.
The data from the medical examinations and the inter-
view indicates that the examined groups were similar in
respect to the level of physical activity and the dietary
habits. They differed in terms of age, smoking habit and
alcohol consumption. The possible influence of con-
founders on the study results was eliminated using sta-
tistical methods.

In the exposed and control groups, the mean standard
deviation of R-R intervals (STD R-R) was high, which
would indicate a normal heart rate variability. However,
statistically significant differences between the groups
were found in terms of STD R-R, which was lower

Heart rate variability (ms)

Groups .
STD R-R AVG RR MED MOD Min Max
Group 1
M 42.46 861.07 864.15 855.17 735.56 989.97
SD 24.70 123.76 123.93 120.49 91.03 163.16
Group II
M 44.08 851.75 851.42 849.21 700.83 999.08
SD 2581 95.40 96.51 121.68 115.33 132.18
Group 0
M 62.90 864.12 867.46 859.78 687.73 1031.34
SD 53.50 126.37 128.28 132.47 123.55 149.33
Statistical significance (p) 0.0285 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
(0vs. 1)

AVG R-R - average value of R-R (beat to beat).
STD R-R - standard deviation of R-R.

MED - median value, MOD - modal value.
Other abbreviations as in Table 2.

[JOMEH 2012;25(4)
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Table 4. Frequency-domain parameters of heart rate variability

Power in bands (% of total power)

Groups
VLF LF HF TPS LF/HF
Group I
M 14.60 29.28 23.30 74.11 131
SD 3.67 5.94 527 6.21 0.35
Group II
M 13.80 27.50 24.60 72.37 1.00
SD 5.40 7.60 6.50 5.68 0.50
Group 0
M 12.85 24.35 26.07 71.20 0.95
SD 3.88 5.03 3.71 9.01 0.20
Statistical significance (p) 0.0005 0.0025 > 0.05 > 0.05 0.0016
(0vs. 1) (0vs. 1) (0vs. I, Tvs. II)

VLF - very low frequency (0.0167-0.05 Hz).
LF - low frequency (0.05-0.15 Hz).

HF - high frequency (0.15-0.35 Hz).

TPS - total power spectrum.

Table 5. Relative risk of cardiovascular abnormalities in relation to EMF exposure in the UHF band, VHF band, UHF+ VHF band

Parameters Groups E, . p E .. p E . p
UHF
STD R-R <27 I
I 2.09 0.078
LF/HF > 1 I
I 2.09 0.024 1.65 0.001
VHF
STDR-R <27 I 2.09 0.048
I 1.93 0.091
VHF+UHF
STDR-R <27 I
I 2.37 0.023

Abbreviations as in Table 2 and 4.

in the exposed groups. The results of the analysis of time-
domain parameters are displayed in Table 3.

In the EMF-exposed groups, the percentage of subjects
with decreased HRV (STD R-R < 27 ms) was twice as
high as in the control group (p = 0.0285). In 18 subjects

from group I (30.5%) and three subjects from group II
(25%), the STD R-R was found to be lower than 27 ms,
which was adopted as the limit value [6]. A spectral analy-
sis using FFT method revealed that VLF and LF were sig-
nificantly higher in the exposed than in the control group.

[JOMEH 2012;25(4)
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No significant differences in HF and TPS (total power
spectrum) were detected between the exposed and con-
trol groups. LF/HF ratio was significantly higher in the
exposed groups. In both exposed groups, the sympathetic
activity dominated.

The details of power spectrum analysis for all the study
groups are presented in Table 4.

In order to investigate whether the impaired neuro-
vegetative regulation was associated with EMF expo-
sure, the risk of such impairments was assessed in
relation to the level of EMF exposure in the UHE, VHF
and UHF+VHF bands. The reference was the control
group for whom the risk of neurovegetative impairments
was assumed to be the unity. The analysis revealed that
the impaired neurovegetative regulation correlated with
selected parameters of EMF exposure. Detailed data is
displayed in Table 5.

DISCUSSION

The HRV analysis revealed a higher resting heart rate
(lower AVG R-R) in the subjects exposed to UHF-
VHF EME The increased resting heart rate is an unfa-
vourable effect. As revealed by the Framingham study, in
such subjects, the risk of a sudden cardiac death is 30%
higher than in the subjects with a lower heart rate [16].

In the subjects exposed to UHF-VHF EME, the STD R-R
was found to be lower. The percentage of the subjects with
critically decreased HRV (STD R-R < 27 ms) was twice as
high in the exposed group as in the control group. The low-
ered HRV may also lead to some negative consequences.
A number of prospective studies indicate that for patients
with cardiovascular abnormalities in 24 h ECG monitor-
ing, which are accompanied by a decreased HRYV, the risk
of a sudden cardiac death is twice as high as in patients
with similar ventricular arrhythmias but normal HRV val-
ue [17]. The risk of a sudden cardiac death is higher also
in the healthy subjects with lower HRV [1§].

[JOMEH 2012;25(4)

Our analysis of the frequency-domain parameters revealed
that in the exposed groups the power spectrum in the VLF
band had been significantly higher than in the control group.
However, the interpretation of the significance of changes
within the power spectrum in this band is very difficult. Scarce
information is available on the slowest (VLF below 0.05 Hz)
component; it is supposed to be affected by both parts of the
autonomic nervous system as well as the thermoregulatory
processes and the renin/angiotensin system [12,13]. The lat-
ter relationship is, according to some authors, disputable. The
renin-angiotensis system plays a significant role in the patho-
genesis of arterial hypertension, with angiotensin II acting on
the blood vessels [19]. An increase in the power spectrum in
the VLF band would indicate that one of the mechanisms for
the increased arterial blood pressure may be connected with
the influence of EMF on the renin-angiotensin system.

Another one seems to be an activation of the sympathetic
system, the activity of which is described by the LF compo-
nent. LF was found to be higher in the exposed groups than
in the control group. In the exposed groups blood pressure
changes were also more prevalent (34% vs. 19%). Also in
the exposed groups, the indicator of neurovegetative balance
(LF/HF ratio) was significantly higher compared to the con-
trol group. This would point to the dominance of the sympa-
thetic activity in the neurovegetative regulation of the cardio-
vascular function. The predominant sympathetic activity and
the resulting decrease in the cardioprotective activity of the
parasympathetic system makes the organism more prone not
only to hypertension but also to the heart rhythm disturbanc-
es and the development of the coronary heart disease [20,21].
Neurovegetative disturbances were also found in our ear-
lier study in workers exposed to 160 MHz electromagnetic
fields. In this group, the HRV changes were reflected by the
power spectrum in the LF and VLF bands and correlated
with those in arterial blood pressure [22]. As regards the
workers exposed to medium frequency EME statistically
significant negative correlation was found between the
maximum intensity of EMF and HF power spectrum [4].
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It is difficult to compare our findings on neurovegetative
regulation in workers exposed to VHF-UHF electromag-
netic fields with relevant literature reports since most of
the studies employed different methodology, which allows
for a less detailed analysis. However, the nature of most
of the reported subjective symptoms implies their asso-
ciation with impaired neurovegetative regulation of the
cardiovascular function [23,24]. In the experimental study
by Mann and Roschke, the HRV analysis did not reveal
any pathologies in the subjects exposed to pulse-modulat-
ed 900 MHz EMF [25]. Barutcu et al. (2011), Parazzini
et al. (2007), Barker et al. (2007) likewise found no HRV
changes during experimental exposures to EMF from mo-
bile phones [26-28]. Results of the studies performed by
Andrzejak et al. (2008) indicate that during the call by
mobile phone parasympathetic activity (HF), measured by
the use of analysis of heart rate variability, increased and
sympathetic activity (LF) decreased [29].

However, as in all experimental studies, only the immedi-
ate responses to exposure were observed. It did not allow
for monitoring of the delayed effects related to long-term
exposure [25,30] which is most prevalent in the occupa-
tional setting.

Our results are connected with long-term exposure.
Results demonstrating the influence of the UHF EMF on
the increased activity of the sympathetic part of the auto-
nomic nervous system seem to be particularly interesting
(Table 5). The significance of this observation stems from
the fact that the UHF frequencies (30 MHz - 3 GHz) in-
clude the frequency range of mobile telephone systems.
Therefore, it is reasonable to expect that the mechanism
of biological activity of EMF emitted by transmitting an-
tennas of base stations and mobile TV transmitters may
be similar. This could explain subjective symptoms from
the central nervous system (such as headache and diz-
ziness) reported by the residents of areas surrounding
base stations, observed by different authors [23,24,31-37]
where EMF with similar values prevail.

However, please note that, although the levels of electric
field are both quite similar, the EMF spectrum in the ex-
posed people is different (in case of the analyzed trans-
mission facilities, in addition to the UHF EMF there is
an additional VHF EMF component). Also, EMF operat-
ing frequencies are not identical (although they all are the
parts of the same UHF range). It seems that further inten-
sive research on the impact of UHF-frequency EMF on
the neurovegetative regulation of cardiovascular system in
people living around base stations is necessary. This could
explain the origin of the reported symptoms.

CONCLUSIONS

Although in the present study the level of EMF exposure
was rather low and did not exceed the limits specified by rel-
evant Polish hygienic standards, a number of impairments
in neurovegetative regulation could be found in the groups
of the exposed workers. These were expressed as significant-
ly decreased HRV (STD R-R < 27 ms) (p = 0.0285), in-
creased power spectrum within the VLF (p = 0.005) and LF
(p = 0.0025) bands, predominance of the sympathetic activity
(LF) in the neurovegetative regulation (LF/HF = 1.3+0.35).
These impairments were found to significantly correlate
with exposure parameters, mostly E__ and, to a lesser ex-
tent, with the lifetime dose. Therefore, it seems reasonable
to consider, whether the exposure assessment of workers ex-
posed to EMF in the UHF+VHEF band(s) should be limited
toE__only, or should also include such parametersasE_
and the lifetime dose. Current regulations on the workplace
hygiene provide for assessment of EMF dose only in case of
work in the hazard zone.

Our results suggest that similar changes in the neurovege-
tative regulation are likely to occur in the inhabitants
of the areas located close to the mobile phone base sta-
tions, as the intensities of the UHF EMF to which they
are exposed are very similar to those affecting the workers
of the broadcasting stations.

[JOMEH 2012;25(4)
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