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Abstract

Background: The Autonomic Nervous System (ANS) is 

involved in the response to various emotional stimuli like 

anxiety, stress, and the sense of wellbeing.

As a control system the ANS plays a variety of roles in hu-

mans, including regulation of the cardiac function, which can 

be studied by analyzing heart rate variability (HRV). HRV co-

herence has been associated with a sense of wellbeing, along 

with enhanced cognitive, social, and physical performance.

Extremely low frequency electromagnetic fields (ELF-EMF) 
are used in a variety of clinical areas, however very little is 

known to date about the functional mechanisms involved 

in vivo.

An interaction with the ANS is one of the possible ways in 

which the effects of ELF-EMF therapy are modulated in liv-

ing systems.

In this single-blind study the effects on the ANS of 5 differ-

ent electromagnetic configurations were analysed by meas-

uring the HRV using a HeartMath® EmWave® Pro device.

Materials and methods: 46 healthy subjects of 20 to 30 years 

in age were recruited and divided into two groups (treatment 

group µ and control group λ). After measuring the baseline 
HRV coherence state (ω) the subjects in group µ were as-

sessed during administration of 5 different ELF-EMF configu-

rations from a SEQEX® device, all at the same intensity of 20 
μT (the name attributed to the configuration is in brackets) for 
a duration of 3 min. each: 1-3 Hz (δ), 4-8 Hz (θ), 9-13 Hz (α), 
15-29 Hz (β), and 31-56 Hz (γ). The subjects in group λ were 
measured in the same way and the same number of times.

Results: The initial coherence values ω were comparable be-

tween the two groups (µ: 36%, λ: 36.39%). Under the 1-3 Hz 
(δ) and 15-29 Hz (β) treatment configurations, group µ had 
an average HRV coherence of 46.26% and 47.26% respec-

tively, while group λ had 38.13% and 37.39% respectively, 
representing a significant increase in HRV coherence under 
treatment (pδ = 0.035 and pβ = 0.046).

Conclusions: The ANS appears to be sensitive in a fre-

quency dependent manner to treatment with ELF-EMF. 
This is very important, if confirmed in further studies, not 
only for better understanding the mechanism of action of 

ELF-EMF on complex biological systems, but more impor-
tantly for therapeutic purposes under different levels of psy-

chopathological discomfort like stress and anxiety, as well 

as for modulating perceived pain and organ dysregulation.
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Introduction
Interest in the interaction between electromagnet-

ic fields and biological systems is constantly growing. 
Among these, excellent results have been achieved in 
psychiatrics using transcranial magnetic stimulation [1-

3]. However, very little is known of the effects of elec-

tromagnetic fields at low frequencies and intensities 
(ELF-EMF) on the psychological state of subjects given 
non focused total body treatment.

This was one of the reasons for the decision to ob-

serve the effects of ELF-EMF treatment on the auto-

nomic nervous system (ANS) in order to understand 
the possible implications of this type of treatment in di-
verse medical disciplines, not least for controlling anxi-
ety and stress. The ANS is a largely unconscious nervous 
control system that regulates bodily functions includ-

ing: pupillary dilation, heart rate, respiration rate, sex-

ual arousal, digestion, and urination [4]. It plays a lead-

ing role in triggering and controlling the fight-or-flight 
response. More specifically, the sympathetic nervous 
system plays an important role in the development of 
states of anxiety and stressful situations [5,6]. This has 
been confirmed by various observations of reduced 
anxiety resulting from surgical inhibition of parts of the 
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sympathetic system [7,8]. Consequently, the ability to 
modulate the action of the sympathetic system could 
be useful for treating extreme moods involving anxiety 
and stress. It is estimated that a third of the population 
suffer from anxiety [9], and so the most conservative, 
non-invasive approach possible, with limited or no side 
effects, is very desirable.

Heart Rate Variability (HRV) is the physiological 
phenomenon of variation in the time interval between 
heartbeats [10]. It is measured as the variation in the 
beat-to-beat (R-R’) interval. In addition to its important 
prognostic applications in cardiology, as a precursor of 
mortality following myocardial infarction [11], HRV can 
also be usefully applied in psychophysiology. Two dif-
ferent components are presents in HRV: high frequen-

cy (HF: 0.15-0.4 Hz) and low frequency (LF: 0.04-0.15 
Hz). At the actual knowledge [12,13], HF component is 
generally believed to be the originated by Vagus nerve, 
while the LF has been thought to be of both sympathetic 
and vagus origin with more incidence by the sympathet-
ic origin. HRV is closely linked to emotional stimulation, 
with the HF component of the HRV profile decreasing 
under extreme time pressure, emotional stress [14], and 
high levels of anxiety [15], which is probably related to 
raised attention focus and motor inhibition [15]. HRV is 
found to be lower in individuals that report higher levels 
of worry [16]. Individuals suffering from post-traumatic 
stress disorder (PTSD) typically display a lower HF com-

ponent, but with a higher LF component. In addition, 
PTSD patients have been seen to demonstrate no LF or 
HF reactivity on recollection of traumatic events [17].

The Polyvagal Theory [18] describes ANS pathways 
mediating HRV, emphasizing the importance of HRV for 
assessing vagal outflow to the heart. The theory divides 
up HRV according to frequency domain characteristics. 
Emphasis is placed on respiratory sinus arrhythmia, 
which is transmitted by a neural pathway distinct from 
other HRV components [19]. Evidence for a polyvagal 
coronary control mechanism exists in both anatomic 
[20] and physiological [21] data.

The effects of ELF-EMF on anxiety have already been 
studied by other authors, with contradictory results: 
on one hand an increase in the level of anxiety was ob-

served correlated with an increase in oxidative stress 
in the hypothalamus [22], but other studies have not 
observed any obvious induction of anxiety in subjects 
exposed to ELF-EMF [23,24]. It is interesting to note that 
other studies using ELF-EMF have instead shown the ef-
fectiveness of the same in reducing oxidative stress [25-

29] and thus offering therapeutic potential in various 
clinical areas.

Finally, the correlation between HRV and anxiety 
was previously investigated in other studies, for both 
diagnostic [30-32] and therapeutic [3] ends. Cardiac 
coherence has been associated with a general sense of 
wellbeing and improved cognitive, social, and physical 

performance [33]. Some studies on healthy subjects 
have revealed that during the experience of positive 
emotions a sine wave-like pattern naturally emerges 
in the heart rhythms without any conscious changes in 
breathing [34,35]. An increase in HRV coherence corre-

lated with an increase in cerebral activity observed on 
EEG has been observed in a study on autogenic train-

ing [36]. Another study conducted on middle school 
students with attention deficit hyperactivity disorder 
showed significant improvements in short and long-
term memory, ability to focus, and significant improve-

ments in behaviour both at home and in school [37]. 
It has also been demonstrated that enhanced HRV co-

herence [38-40] reduces anxiety and stress levels and 
strengthens emotional controls [38] among musicians 
under the effects of stage fright [40].

One study was conducted using heartbeat-evoked 
potentials, with evidence that using paced breathing at 
a 10-second rhythm led not only to increased coherence 
in the rhythms as expected, but also increased the N200 
amplitude potential in the EEG heartbeat-evoked po-

tentials, which indicates increased afferent input [41].

This aspect is particularly important as regards, for 
example, pain therapy. It has been demonstrated that 
thalamic pain pathways in the spinal cord are inhibited 
by increases in vagal afferent nerve traffic over normal 
intrinsic levels [42,43].

In the present study the authors wanted to try and 
identify a possible modulation effect on HRV through 
the non focused administration of ELF-EMF at par-

ticularly low intensity (20 µT), on a voluntary group of 
healthy subjects.

Materials and Methods
This single-blind case-control study was conducted 

within the Public Agency for Personal Health Services 
(APSP, retirement home) “Santa Maria”, located in Cles 
(TN, Italy).

The study recruited 46 voluntary healthy subjects 
between 20 and 30 years: 32 women and 14 men, 50% 
of the men and women were assigned to group μ, and 
the remaining 50% to group λ.

Throughout the entire period of data acquisition for 
the study, none of the subjects were informed regarding 
the nature and purpose of the same: the only informa-

tion given regarded the type of therapy with ELF-EMF 
that was to be used (form of treatment, duration, and 
possible negative effects), and that HRV would be meas-

ured. Nobody in the 2 groups was informed whether 
they belonged to the treatment or control group. The 
measurements were all taken between 3 p.m. and 6 
p.m. in the afternoon.

The SEQEX® device used for the study is produced 
and distributed by the Italian company S.I.S.T.E.M.I. srl 
(Trento, Italy), and certified CSQ ISO-13485. These de-
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the subjects were unaware whether they belonged to 
the treatment or control groups.

Between each two distinct assessments, subjects 
were requested to stand up and remain standing for 3 
minutes away from the treatment mat.

All the treatments were conducted with the same 
device and in the same environment, the integrative 
medicine clinic at the APSP Santa Maria, Cles.

HRV
HRV reflects the synergic action of the two compo-

nents of the ANS, which in a physiological situation act 
to maintain cardiac functionality at an optimum state 
for the subject, and enable suitable responses to exter-

nal stimuli, with the parasympathetic system reducing 
the heart rhythm in calm situations, and the sympathet-
ic system increasing it in stressful situations [45].

HRV was measured using the HeartMath® EmWave® 

Pro device [45-47], which measures HRV with an ear 
sensor and returns a variability value in real time gen-

erated by a hardware/software system (EmWave Pro 
desktop). The software uses the HRV measurement as 
a basis to establish a coherence score, calculated as a 
ratio between the low frequency component of the HRV 
(00.4-0.15 Hz) divided by the sum of the high frequen-

cy (0.15-0.4 Hz) and very low frequency (0.01\0.04 Hz) 
[34]. Coherence is expressed with three coloured bars 
(green indicating a state of high coherence, blue aver-

age coherence, and red incoherence) and a numeric 
percentage value, with the sum of the three coherence 
states totalling 100%.

The specific algorithms implemented in the software 
by the developers to transform HRV frequencies into 
coherence scores are unknown to the researchers.

According to the explanations of the device manu-

facturers, the coherence scores are based on how sym-

metrical the wave-like HRV pattern is:

•	 Red bar: percentage time of no wave-like activity in 
the HRV wave;

vices can produce complex electromagnetic fields using 
an analogical mechanism, across a frequency range of 1 
to 80 Hz and at intensities of 1 to 20 µT (ranges in the 
Adey’s Window) [44]. The field parameters are tested 
by the manufacturers using specialized instrumenta-

tion, specifically a Gaussmeter GM 08 produced by the 
Hirst company. The administration of the electromag-

netic field produced by the control unit of the treatment 
device (on which the electromagnetic field parameters 
are set), is achieved using a mat containing a Helmholtz 
coil that generates the ELF-EMF. Patients lie on the mat 
and receive non-focused total body treatment with the 
electromagnetic fields set on the control unit.

In this single-blind study, 5 different electromagnetic 
configurations (brain EEG/MEG frequencies) were tested, 
each in turn comprising 3 frequency-intensity pairs (called 
“steps”), with an alternating field emission time-on and 
time-off (expressed in seconds). In each of the steps a 
sinusoidal wave with an abundance of harmonics was 
emitted. The 5 different configurations were labelled with 
the Greek letters corresponding to the brain waves of the 
same frequencies (δ, θ, α, β, γ). The characteristics of each 
configuration are reported in the following Table 1.

Each emitted configuration had a duration of 3 min-

utes.

The members of group μ were tested first without 
administration of any ELF-EMF but with the device 
switched on (measurement labelled ω), and subse-

quently once for each of the configurations listed in 
the table. The members of group λ were measured in 
the same way, always with the device switched on but 
not administering ELF-EMF. All the subjects in the study 
were thus assessed 6 times.

Treatment was administered using a mat for non-fo-

cused total body treatment: the volunteers were meas-

ured lying down with their eyes closed. The wooden 
couch supporting the mat was positioned so that the 
subjects could not see whether the control unit was 
operating or otherwise. This, combined with the lack of 
perception when the field is administered, meant that 

Table 1: Electromagnetic fields used in the treatment. Each step had a duration of 1 minute.

Configuration Step Intensity (µt) Frequency (Hz) Time-On (S) Time-Off (S)

Δ 1 20 1 5 1

2 20 2 5 1

3 20 3 5 1

Θ 1 20 4 5 1

2 20 6 5 1

3 20 8 5 1

Α 1 20 9 5 1

2 20 11 5 1

3 20 13 5 1

Β 1 20 15 5 1

2 20 22 5 1

3 20 29 5 1

Γ 1 20 31 5 1

2 20 43 5 1

3 20 56 5 1
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Table 2: The values from the 6 different measurements from groups μ (treated with ELF-EMF apart from measurement ω) and λ. 
Each subject is indicated with their group letter and number. The sex of each subject is also indicated. In the second column the 

sex of participant is reported (♀ = female, ♂ = male).

 ω δ θ α β γ
μ1 ♀ 41.00% 41.00% 32.00% 27.00% 42.00% 36.00%

μ2 ♂ 21.00% 58.00% 70.00% 55.00% 76.00% 67.00%

μ3 ♂ 32.00% 39.00% 32.00% 68.00% 48.00% 63.00%

μ4 ♀ 95.00% 85.00% 91.00% 88.00% 94.00% 100.00%

μ5 ♀ 21.00% 0.00% 0.00% 16.00% 0.00% 0.00%

μ6 ♂ 33.00% 46.00% 52.00% 36.00% 42.00% 55.00%

μ7 ♂ 93.00% 78.00% 61.00% 78.00% 56.00% 53.00%

μ8 ♀ 0.00% 16.00% 30.00% 18.00% 4.00% 19.00%
μ9 ♀ 18.00% 34.00% 12.00% 34.00% 45.00% 24.00%

μ10 ♀ 40.00% 54.00% 46.00% 45.00% 32.00% 20.00%

μ11 ♀ 40.00% 42.00% 32.00% 27.00% 43.00% 36.00%

μ12 ♂ 21.00% 60.00% 70.00% 54.00% 76.00% 67.00%

μ13 ♀ 21.00% 37.00% 46.00% 54.00% 38.00% 40.00%

μ14 ♀ 100.00% 72.00% 100.00% 100.00% 100.00% 82.00%
μ15 ♀ 39.00% 50.00% 69.00% 69.00% 59.00% 78.00%
μ16 ♀ 15.00% 36.00% 9.00% 6.00% 66.00% 13.00%

μ17 ♀ 12.00% 55.00% 12.00% 18.00% 18.00% 0.00%

μ18 ♂ 88.00% 88.00% 97.00% 81.00% 88.00% 58.00%
μ19 ♀ 15.00% 30.00% 33.00% 24.00% 13.00% 24.00%

μ20 ♂ 27.00% 30.00% 6.00% 12.00% 6.00% 26.00%

μ21 ♀ 33.00% 18.00% 4.00% 12.00% 52.00% 36.00%

μ22 ♀ 13.00% 40.00% 9.00% 10.00% 67.00% 13.00%

μ23 ♀ 10.00% 55.00% 12.00% 18.00% 22.00% 0.00%

λ1 ♀ 41.00% 40.00% 37.00% 33.00% 42.00% 36.00%

λ2 ♂ 30.00% 38.00% 40.00% 40.00% 35.00% 32.00%

λ3 ♂ 32.00% 39.00% 32.00% 29.00% 30.00% 40.00%

λ4 ♀ 93.00% 90.00% 91.00% 88.00% 92.00% 100.00%

λ5 ♀ 21.00% 17.00% 16.00% 20.00% 20.00% 18.00%
λ6 ♂ 38.00% 43.00% 46.00% 36.00% 40.00% 50.00%

λ7 ♂ 95.00% 83.00% 90.00% 83.00% 81.00% 82.00%
λ8 ♀ 0.00% 9.00% 15.00% 15.00% 5.00% 19.00%
λ9 ♀ 20.00% 31.00% 16.00% 29.00% 21.00% 18.00%
λ10 ♀ 38.00% 40.00% 46.00% 45.00% 40.00% 20.00%

λ11 ♀ 35.00% 39.00% 37.00% 30.00% 37.00% 36.00%

λ12 ♂ 28.00% 35.00% 31.00% 40.00% 28.00% 33.00%

λ13 ♀ 30.00% 33.00% 31.00% 29.00% 32.00% 32.00%

λ14 ♀ 94.00% 94.00% 100.00% 95.00% 95.00% 93.00%
λ15 ♀ 37.00% 37.00% 40.00% 38.00% 37.00% 50.00%

λ16 ♀ 18.00% 13.00% 9.00% 20.00% 20.00% 13.00%

λ17 ♀ 15.00% 13.00% 12.00% 18.00% 15.00% 19.00%
λ18 ♂ 50.00% 53.00% 47.00% 55.00% 50.00% 46.00%

λ19 ♀ 29.00% 30.00% 33.00% 24.00% 28.00% 30.00%

λ20 ♂ 29.00% 30.00% 25.00% 38.00% 35.00% 26.00%

λ21 ♀ 33.00% 31.00% 40.00% 26.00% 38.00% 36.00%

λ22 ♀ 21.00% 29.00% 30.00% 27.00% 24.00% 13.00%

λ23 ♀ 10.00% 10.00% 12.00% 18.00% 15.00% 9.00%

•	 Blue bar: percentage time of some wave-like activity;

•	 Green bar: percentage time of marked wave-like ac-

tivity.

This study considered only the green indicator of 
high coherence.

Results
The following results were obtained (Table 2) with 

the average scores (Table 3) from the 6 measurements 

Table 3: The average values obtained from the 6 different 

measurements for groups μ (treated with ELF-EMF apart from 
measurement ω) and λ.

μ λ
ω 36.00% 36.39%
δ 46.26% 38.13%
θ 40.22% 38.09%
α 41.30% 38.09%
β 47.26% 37.39%
γ 39.57% 37.00%
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measurements were conducted from October 2017 un-

til May 2018. The experimental set-up involved always 
using the same SEQEX® device with the radiant mat 
placed on top of a wooden massage couch in order to 
avoid the development of eddy currents. The couch was 
positioned in such a way that the subjects could not see 
whether or not the device was effectively administer-

ing ELF-EMF. Since the treatment does not produce any 
sound or bodily sensation it was impossible for the sub-

jects to understand whether treatment was underway 
or only simulated. In order to avoid a cumulative effect 
from the various treatment, after each electromagnetic 
configuration the subjects were asked to get off the mat 
for 3 minutes.

The 5 programs tested (δ, θ, α, β, γ) were chosen in 
order to simulate brain EEG/MEG frequencies. The tar-

get of the work was studying how people answer to ELF-
EMF in range of brain frequencies. The starting hypoth-

esis was investigating if the Nervous System answered 
to these ELF-EMFs with an adaptative or simulative an-

swer. For this reason, in addition to HRV, in a smaller 
group EEG also was registered for a parallel study.

As stated earlier, not all the electromagnetic fields 
used influenced the HRV value, but only those in the 1-3 
Hz (δ) and 15-29 Hz (β) ranges, which both induced a 
significant increase in high HRV coherence (pδ = 0.035 
and pβ = 0.046), while in the other frequency windows 
studied the variations were not significant. This result is 
particularly interesting and surprising if the EEG impli-
cations of the two abovementioned rages are consid-

ered: δ waves are predominant in deep sleep, while β 
waves indicate a state of attention. Taking into account 
the time and context in which the tests were conduct-
ed (after work), it could be hypothesised that a pre-

sumed condition of accumulated tiredness/stress led 
to a stronger response to the ELF-EMF that simulated 
cerebral states of recovery (δ) and attention (β), as if 

from groups μ and λ Figure 1.

In the initial measurement ω both groups were es-

sentially the same with a coherence value around 36%.

Administration of ELF-EMF in the 4-8 Hz (θ), 9-13 Hz 
(α), and 31-56 Hz (γ) ranges did not produce significant 
variations in group µ compared to group λ.

After administering total body ELF-EMF in the 1-3 
Hz (δ) range, an increase was recorded in coherence 
in group µ with an average of 46.26% compared to 
38.13% in group λ (pδ = 0.035). Similarly, administration 
of ELF-EMF in the 15-29 Hz (β) range led to an increase 
in coherence in group µ (average 47.26%) compared to 
group λ (average 37.39%) representing a statistically sig-

nificant variation in HRV (pβ = 0.046).

Discussion
In the light of the above regarding coherence levels, 

and the available literature on the modification of anxi-
ety levels using ELF-EMF [22-24], a single-blind study 
was designed on healthy subjects between 20 and 30 
years in order to investigate how ANS is influenced by 
non-focused total body therapy. Similar studies was 
already available in literature [48-53], with results con-

firming those of the present study, and only one study 
[54] in which no effects were observed on HRV. Of these 
studies, three [48,52,53] explored the effects of 16Hz 
EMF (β EEG/MEG frequency), the others [49-51,54] 

studied the 50Hz frequency. Only a study [49] observed 
different HRV answer with different EMF patterns (same 
frequency of 16Hz, but different pulsation frequencies).

According to this bibliographic knowledge, our study 
is the first in which a frequency-dependent effect on 
HRV is observed.

The study subjects were all tested after working 
hours and therefore in an augmented state of tiredness 
and stress induced by the previous work activity. The 

ω δ θ α β γ

µ λ

AVERAGE high hrv coherence VALUES

50.00%

45.00%

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Figure 1: Bar diagram of the average values obtained under the different configurations studied.
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magnetic field in rats. Environ Sci Pollut Res Int 24: 21693-
21699.
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mati Roudsari M, et al. (2016) Effects of 3 Hz and 60 Hz 
extremely low frequency electromagnetic fields on anxi-
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indicating two states that were lacking at that precise 
moment and context.

However, this remains only a hypothesis of the au-

thors. During the study, sample measurements were 
taken from the two groups of EEC traces, but these have 
not yet been analysed and will be the subject of a sub-

sequent paper.

It would also be expedient to conduct further investi-

gations during different times of day and week to assess 
whether the ELF-EMF windows applicable in order to 
increase the level of HRV coherence effectively depend 
on external factors (like work activity, circadian rhythm) 
acting on the individual.

If the latter hypothesis is confirmed, it would also 
help explain another aspect of the operation of ELF-EMF 
therapy: part of the therapeutic mechanism obtained 
using ELF-EMF is probably mediated by the ANS, making 
it more difficult to formulate a linear model to explain 
the interaction between ELF-EMF and living systems.

Conclusions
HRV is seen to be variably sensitive to ELF-EMF, 

depending on the frequencies used and even under 
very brief stimulation. Considering the importance of 
the ANS in the regulation of HRV, an important role is 
hypothesised for the ANS in the response to ELF-EMF 
treatment, raising new questions and possible thera-

peutic applications.
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