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Abstract. The aim of this study was to investigate heart rate (HR), heart rate variability (HRV) and
other cardiac parameters in individuals who were exposed to a high static magnetic field. 30 healthy
male volunteers aged between 20-30 years were included.

The searching was divided into three phases: pre-magnetic field, during the magnetic field and
post-magnetic field. Every phase lasted 30 minutes. Pulse, systolic and diastolic blood pressure, res-
piration rate and elektrocardiography (ECG), recorded for 30 minutes, in all of the individuals were
measured during three phases. The men were exposed to a 1.5 T static magnetic field. The levels of
Na*, K*, Ca®*, CI~, CK-MB, troponin-I and HR and HRV parameters were investigated.

There was an increase in the respiration rate, and no change in the systolic and diastolic blood
pressure and pulse in the individuals exposed to the magnetic field. There was also an enhance-
ment in the values of ions, CK-MB and troponin-I after exposure to the magnetic field. Heart rate
parameters (minimum HR-I, maximum HR-I, average HR-I) were decreased and rMSSD, pNN50,
power, VLE, HE, LF values increased during the magnetic field.

Key words: Static magnetic field — Cardiac ions — Heart rate — Heart rate variability — Troponin-I
— CK-MB

Abbreviations: HR, heart rate; HRV, heart rate variability; CK-MB, myocardial creatine kinase;
NN, normal - normal interbeat interval; SDNN, standard deviation of NN intervals; SDANN, the
standard deviation of the averaged NN, calculated over short periods; rMSSD, the square root of
the mean squared difference of successive NNs; NN50, the number of pairs of successive NNs that
differ by more than 50 ms; pNN50, the proportion of NN50 divided by total number of NNs; HF,
high frequency; LE, low frequency.

Introduction

Magnetic resonance imaging (MRI) is one of the most
common medical imaging methods in the world (Konez
1995). The common utilization of MRI in medicine neces-
sitates the investigation of biological effects of high-level
magnetic fields. The results of previous studies investigating
these effects are varied. Generally it was reported that the
magnetic field affected DNA, RNA and protein synthesis,
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cell division, Ca?" influx across the plasma membrane, Ca**
linking, signal transfer and other ion flows in the biologi-
cal system (Cleary et al. 1993; Berg et al. 1999; Cridland et
al. 1999). There are few studies on the effects of magnetic
fields on ions and these studies are limited to Ca** and K*
(Sastre et al. 1998; Kangarlu et al. 1999; Ohata et al. 2004;
Shen et al. 2007).

MRI utilizes a magnetic field, generally of a magnitude of
1.5 T. The strong static magnetic field used for MRI is thought
to be detrimental to pacemaker function and it could poten-
tially cause harm to patients undergoing MRI examinations.
The potential adverse effects of MRI are: heating, rapid atrial
pacing, rapid ventricular pacing, and asynchronous pacing.
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In some studies, the effects of a magnetic field on heart rate
(HR) were investigated (Martin et al. 2004). However, the
majority of these studies were carried out using uT and mT
fields.

Savitz et al. (1999) detected occupational magnetic field-
related cardiovascular disease mortality in 140 000 male
electricity workers. They observed that in men who were
exposed to magnetic fields for longer periods, mortality
rate was higher as a result of arrhythmia and acute infarc-
tion. Cooper et al. (2009) did not provide evidence for an
association between occupational magnetic field exposure
and cardiovascular risc.

Chakeres and Vocht (2005) found important changes in
the electrocardiogram (ECG) of subjects exposed to 1.5 T
magnetic fields that increased with magnetic field strengths.
The ECG returned to normal after the magnetic exposure.

In another study, in volunteers exposed to 200 mGauss
magnetic field were found significant changes in heart rate
variability (HRV) (Sastre et al. 1998). Moreover, Tsuji et al.
(1994) have observed decreases in various bands of HRV.
HR was measured by detecting the intervals between the two
QRS (electrical wave of cardiac ventricular muscle contrac-
tion). Sait et al. (2006) found that HR slowed down with
exposure to magnetic field. They indicated that continuous
exposure to a magnetic field affected both HR and HRV
and, as the strength of the field increased, the effect became
significant. Mitsutake et al. (2004) investigated whether 50
nT magnetic field could affect HR and HRV parameters.
They observed that HR were reduced in subjects exposed
to magnetic field without any important changes on the
HRYV parameters.

HRV can be defined as cyclic changes in sinus rate over
time. It gives information about the sympatic and parasym-
patic balance; is an indicator of cardiac autonomic tonus
and is used as an indicator of the cardio-respiratory system
(Pieper et al. 1995; Malik 1998).

Previously, the cardiovascular performance of apes and
dogs in a magnetic field were measured. No significant
difference was observed in heart sound, heart valve move-
ments, blood flow rate and intra-arterial blood pressure
(Tenforde 1989).

Kangarlu et al. (1999) did not observe cardiogenic effects
in pigs exposed to an 8 T magnetic field and any change in
HRYV in volunteers who were kept in an 8 T field for one hour.
Otsuko et al. (2000) found a decrease in HRV in people who
were exposed to a strong magnetic field.

The contraction and relaxation of the cardiac muscle oc-
curs with movement of Na*, K*, Ca?* and Cl~ ions entering
and exiting the cell membrane. Ton channels that serve in
the movement of these ions are voltage-sensitive and may be
affected by high static magnetic field. This may affect heart
contraction and HR. However, there are few studies on ion
movements within a high static magnetic field. Ion studies

are limited to Ca®* and K*. Examples include studies by
Bawin et al. (1978), Blackman et al. (1985) and Bellosi et al.
(1986). These three researchers investigated Ca”" ion transfer
in different tissues in a low-level magnetic field. There is
not sufficient investigation concerning ion influx in cardiac
ventricle cells in high static magnetic field.

The literature lacks a study which investigates HR, HRV,
CK-MB (myocardial creatine kinase), troponin-I and
Nat, K*, Ca%*, Cl” ions together. In addition, the time
and frequency values of HRV have not been individually
investigated.

The aim of this study was to investigate HR, HRV, cardiac
ions, CK-MB and troponin-I in the individuals who were
exposed to a short-term static magnetic field (1.5 T). For
this reason, in the present study, we investigated all of these
parameters in male volunteers exposed to a 1.5 T level of
static magnetic field for 30 minutes.

Materials and Methods

Study protocol

Thirty non-smoking, healthy male volunteers aged 20-30
years participated in this study. The weight range of volun-
teers was 69.7 + 10.6 kg and subject’s height was 172 £ 5 cm.
Volunteers were chosen from healthy individuals according
to our criteria. These individuals were studying in health high
school (college). Their cardiovascular health was assessed
based on an examination by a cardiologist. Participants did
not have cardiological, neurological or vascular diseases,
diabetes, hypertension, epilepsy, HR disorders, heart stent
or cardiac pacemaker. Because of the hormonal and systemic
changes caused by the menstrual cycle, females were not
included in the study. The magnetic exposure was conducted
between 8 a.m. and 12 a.m and subjects were fasting. The
study was categorized into three groups: pre-exposure, dur-
ing-exposure and post-exposure.

Methods

Before exposure, after 20 minutes of resting, pulse, systolic
and diastolic blood pressure and respiration rates were meas-
ured for all volunteers. These measurements were repeated
after exposure. Blood pressure was measured manually by
cardiologist and was interpreted by same doctor.

During exposure, the volunteers were kept in the MRI
environment for 30 minutes in a supine position without
moving. During this period, MRI device was turned off to
exclude the radio frequency (RF) pulse and pulsed magnetic
gradient field in environment. The volunteers were only
exposed to a 1.5 T static magnetic field (General Electric,
Signa Excite, Milwaukee, USA).
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In the pre-exposure and post-exposure periods, 5 ml
blood was taken from an antecubital vein in sterile condi-
tions. The blood samples were centrifuged for 10 min at
a rate of 5000 revolutions/min (Heraeus, Megafuje 1.0,
D-37520, Osterode, Germany), and plasma was seper-
ated. Na*, K*, Ca?*, CI", troponin-I and CK-MB levels
were measured from the separated serums. The ions were
detected using an Abbot Aeroset autoanalyser (LN090DO05-
01, Toshigi-Ken, Japan) and CK-MB and troponin-I was
detected using BIO-PAC Immulite 2500 hormone device
(Los Angeles, CA, USA). Na™, K*, Cl” ion levels were deter-
mined by ion selective electrode method, calcium ion level
by spectrophotometric method, troponin-I and CK-MB
levels by a solid-phase, enzyme-labeled chemiluminescent
immunometric assay.

In the pre-exposure period, post-exposure period and
during the exposure, a digital ECG record was made using
DMS 300-7 (Nevada, USA) holter device for 30-minute
periods. Holter records were analyzed using the holter
software. HR (minimum HR-I, maximum HR-I, aver-
age HR-I) and HRV (SDNN, SDANN, rMSSD, pNN50,
power, VLE, LF and HF) values were assessed by the same
cardiologist. The time domain of HRV is SDNN, SDANN,
rMSSD and pNN50. LF, HF and VLF are frequency do-
main of HRV.

Systolic and diastolic blood pressure, respiration frequen-
cy, pulse, Na*, K, Ca?*, CI~ CK-MB, troponin-I parameter
values of the volunteers before and after the application were
compared. Respiration frequency of each volunteer was
determined by inspection for one minute. Pre-exposure,
during exposure and post-exposure values of HR and HRV
(minimum HR-I, maximum HR-I, average HR-I, SDNN,
SDANN, rMSSD, pNN50, power, VLE, LF and HF) param-
eters were compared to each other.

Statistical Methods

Statistical analyses were conducted using the SPSS 12.0 sta-
tistical software program. Paired ¢-test was used to analyze
the difference between the mean values of Na*, K*, Ca®*, CI',
CK-MB, troponin-I levels of two measures (pre-magnetic
field and post-magnetic field) of the same individuals; and
the general linear model repeated was used for the analysis of
the difference between the mean values of HRV parameters
of the three measures (pre-magnetic field, during magnetic
field and post-magnetic field) of the same individuals. Tukey
test was used for post hoc multiple comparisons of observed
means.

The results were calculated as average + standard devia-
tion. The significance level was set as p < 0.05.

This study was approved by Harran University Ethics
Committee in their letter dated 08/11/2006 and numbered
101.5/68.

Results

According to the pre-exposure and post-exposure analysis
results, there was an insignificant decrease in systolic and
diastolic blood pressure (p > 0.05), a statistical decrease in
respiration number (p < 0.05) and a decrease in pulse, but
in border (p = 0.05) (Table 1).

In the post-exposure period, a significant increase was
observed in Na™, K*, Ca®*, Cl” and troponin-I values when
compared to pre-exposure values (p < 0.01, p < 0.05). The
change in CK-MB was at the significance limit (p = 0.049)
(Table 2).

HR, minimum HR-I, maximum HR-I and average
HR-I values of the individuals significantly decreased dur-
ing exposure when compared to the pre-exposure period
(p <0.05). No significant post-exposure increase was found
when compared to measurements recorded during exposure
(p < 0.05) and was not found any change between pre-
exposure and post-exposure values (p > 0.05). In SDNN,
SDANN, rMSSD, pNN50, power, VLE, LE, HF parameters of

Table 1. Comparison of heart parameters before and after the ap-
plication of magnetic field

Pre-magnetic  Post-magnetic

Parameters field field

Systolic blood 116 + 21 112 +22 0.206
pressure (mmHg)

Diastolic blood 67+ 12 65+ 12 0.480
pressure (mmHg)

Resplratlon' 18.8+2.8 20.1+3.3 0.011
(number/min)

Pulse 80+ 11 76+10 0050
(number/min)

Values + S.D.,, n = 30, * p > 0.05 vs. pre-magnetic field; b p<0.05
vs. pre-magnetic field

Table 2. Values of cardiac ions and CK-MB and troponin-I in pre-
magnetic field and post-magnetic field

Pre-magnetic ~ Post-magnetic

Parameters field feld

Na* (mEq/l) 140 + 3.7 145 +2.38 0.001
K* (mEq/]) 40+04 42404 0.026
Cl” (mEq/1) 109 £ 2.5 114 +1.70 0.001
Ca** (mEq/l) 93+04 9.9 +0.45 0.001
CK-MB (U/1) 27+1.8 31+1.9 0.049
troponin-I (ug/l)  0.025 + 0.006 0.03 +0.01 0.012

It was found that average Na*, K*, CI, Ca?*, CK-MB and troponin-I
values increased significantly after the application (p < 0.05). p value
of average CK-MB changed at the level of the significance threshold.
Values + S.D., n = 30.
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HRV were observed an increase during the exposure when
compared to pre-exposure (p < 0.05), and these parameters
decreased post exposure compared to during exposure (p <
0.05). No significant difference was determined in any of the
parameters between the mean values of post-exposure and
pre-exposure (p < 0.05) (Table 3).

According to these findings, it was observed that HR pa-
rameters decreased with exposure; they returned to normal
within the post-exposure period; time and frequency-based
HRV parameters increased with exposure and returned to
normal within the post-exposure period.

Discussion

A high static magnetic field may affect the ions in the body.
This may cause biopotential formation in muscle and nerve
cells (Formica and Silvestri 2004).

The intervals (N-N) between two successive normal
beats from the sinoatrial node are evaluated as time-based
parameters. These are SDNN, SDANN, rMSSD, pNN50 in-
dexes. Frequency-based parameters give information about
all variability amounts in HR. These are LE, HE, VLF bands
(Malpas et al. 1990; Binkley et al. 1993; Karaso et al. 1999;
May et al. 2000).

Table 3. Parameters of HR and time-based and frequency-based
parameters of HRV during pre-magnetic field, magnetic field and
post-magnetic field

Pre-mag- During  Post-magnetic
Parameters netic field magnetic field
field

min HR-I (bpm) 62.6+7.1 543 %72 62.3+89
max HR-I (bpm) 98.8+14.7 872+23.0 948+173
average HR-I (bpm) 77.1 8.4 65.9+9.1 72.8 £15.9
SDNN (msn) 704 %121 846+150 67.0%16.2
SDANN (msn) 274 +5.1 51.4+6.0 22.6 +5,8
rMSSD (msn) 324+84 463 +9.94 33.6+8.1
pNN50 (%) 11.8+3.2 235+738 13.0 +4.7
power 1956 £ 322 3155+ 396 1454 + 04
VLF (msn) 1139 £232 1858 + 336 684 + 50
LF (msn) 641 £ 37 882+ 79 501 + 22
HF (msn) 152 + 60 371177 122 + 39

Heart rate values + S.D. and average heart rate variability
values + S.D. of the volunteers, n = 30; SDNN, standard deviation
of all R-R intervals (top point of nearest two QRS in ECG); SDANN,
standard deviation of average N-N intervals; rMSSD, average square
root of consecutive differences; pNN50, total number of all R-R inter-
vals; HE high frequency heart rate; LE, low frequency heart rate; NN,
normal to normal interbeat interval; p < 0.05, pre-exposure period vs.
during exposure; p < 0.05, during exposure vs. post-exposure period;
p > 0.05, pre-exposure period vs. post-exposure period.

Sastre et al. (1998) and Mardi et al. (1999) observed
a decrease in the LF band of HRV, and an increase in HF band
of HRV in people who were exposed to a sinusoidal magnetic
field. The decrease in LF and the increase in HF are clinically
related with cardiovascular diseases and can be life threaten-
ing. HF is only related to parasympathetic effects; while LF is
related with both sympathetic and parasympathetic effects.
The decrease in LF may be related to increased vagal and
acetylcholine activation (Winchel et al. 1996; Cook et al.
1997). In some large prospective cohort studies it is assumed
that, as a result of the decreases in specific components of
HRY, a heart disease develops (Dekker et al. 1997; Cook et
al. 1997; Martin et al. 2004). The decreased HRV amongst
people who had a past myocardial infarct is related to the
increased risk of all causes of death (Lombardi et al. 1987;
Ori et al. 1992; Vaishnav et al. 1994; Bigger et al. 1995).

In another study, Sastre et al. (1998) observed a decrease
in the LF band and an increase in the HF band in a 200
mGauss magnetic field. However, when the magnetic field
was applied at intervals rather than continuously, they ob-
served no change in either band. Some researchers reported
a decrease in HF band and a minor change or no change in
others (Winchell et al. 1996; Barron et al. 1996; Huikuri et
al. 1996). These studies were carried out in low magnetic
fields. There are few studies on this subject which have used
a Tesla-level static magnetic field.

In many studies, reduced LF and increased HF were ob-
served. In our study, with exposure to high static magnetic
field was observed increase in LF and HE It is possible that
a high static magnetic field might affect both the symphatic
and parasymphatic systems. The observed reduction in HR
with exposure to high magnetic field can be associated with
increased vagal and therefore acetylcholine activation. Alter-
natively receptor numbers or sensitivities might be altered.
Exposing to a high static magnetic field an increased motion
of ions and voltage-induced ion channels can occure. Serum
potassium and troponin-I may be an indicator of myocardial
damage (Kangarlu et al. 1999). In our study, we observed an
increase in serum potassium and troponin-I. This may also
be a risk to cardiac system. They did not observe significant
changes in body temperature, HR, systolic pressure, diastolic
pressure, troponin-I and potassium levels following 3 hours
of exposure to a field strength of 8.0 Tesla (Kangarlu et al.
1999). Their systolic and diastolic pressure values are in
accordance with our results. HR, potassium and troponin
results are not in agreement with ours results. They measured
all parameters after 3 hours of exposure to the magnetic
field. If they had measured immediately after exposure to
the magnetic field, their results might have differed.

In the present study, the respiratory rate increased sig-
nificantly. The increased respiration rate is consistent with
the significant increase in the HF band of HRYV, because the
change in the HF band is related to parasympathetic activity
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and is affected by respiration. In some studies mentioned
above, a decrease in the LF band and an increase in the HF
band were reported. The changes in LF and HF are clinically
related with cardiovascular diseases. The LF band is related
to blood pressure and thermoregulator control. The change
in the LF band is the precursor of cardiovascular morbidity
and mortality (Tsuji et al. 1996).

Ohata et al. (2004) observed that exposure to 0.4 T mag-
netic field significantly increased K* flow from cell mem-
brane. We investigated also Na* and CI~ levels in addition
to Ca®" and K*. In our study, all of these ions significantly
changed after the exposure. These two studies were in accord
with each other. External electric and magnetic fields create
a force on the ions inside channel protein and the free ions
on the two sides of the plasma membrane. This external force
may change the direction of random movement (Panagopou-
los et al. 2002). This kind of change in ion movements can
trigger HR and HRV change.

According to the results of the present study, in male
volunteers who were exposed to 1.5 T static magnetic fields,
respiration rate significantly increased and pulse exhibited
an increase which was at the significance threshold. Values
of Na™, K, Ca%*, Cl~, CK-MB, troponin-I all increased
significantly after the exposure. HR parameters were de-
creased with exposure; HRV parameters increased with the
exposure; however, both HR and HRV returned to normal
after the exposure. The increase of HRV can be indicative
of a degeneration of sympatovagal balance and may be an
indicator of cardiac arrhythms. The increase in CK-MB and
troponin-I levels may be caused by reversible or irrevers-
ible myocardium damage (Murray et al. 2004). An increase
in CK-MB and troponin-I levels was also observed in our
study. These results indicate that exposures of 30 minutes
affect HR and HRV. This implies that the cardiovascular
system response is immediate and acute exposure to 1.5 T
static magnetic field can also be dangerous for the cardiac
system.

This study is a pre-post investigation in same subject.
Subjects were students of high health school and they are
experienced in medical process. Moreover, they had closed
their eyes during magnetic field exposure. Therefore, we
think that on the subjects can’t be emotional effect of mag-
netic field. Because, the control group would be remain
in the MRI. Sastre et al. (1998), forty healthy young men
included to investigation. In their study, each subject served
as his own control. Also in our study, each subject was his
own control.

These parameters were not previously investigated to-
gether. For this reason, the results of this study give impor-
tant information about interaction of cardiac system with
high static magnetic field. However, for full explanation
of this subject, it is necessary to determine acetylcholine,
epinephrine, norepinephrine levels and heart muscle intra-

cellular Na*, K*, Ca?*, CI” levels with the above mentioned
parameters. Recording HR and HRV using holter is quite
difficult in animals. Therefore, these parameters should be
carried out separately on animals and on humans and the
results should be interpreted together.
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