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a b s t r a c t
Background: The aim of this prospective study was to verify whether magnetostimulation with
weak variable magnetic ﬁelds with low value of induction could enhance the effects of
pharmacological therapy in drug-resistant depression.
Materials and methods: Thirty patients, 26 women and 4 men, with drug-resistant depression
were enrolled in the study. The subjects from Group No. I (14 patients) were given ﬂuvoxamine
and treated with weak variable magnetic ﬁeld using the VIOFOR JPS device; the subjects from
Group No. II (16 patients) were also given ﬂuvoxamine but they were treated with the VIOFOR
JPS device in placebo mode. Changes in depressive symptoms were estimated with the 21point Hamilton Depression Scale (HDRS), Montgomery-Asberg Depression Scale (MADRS) and
Beck Depression Inventory (BDI) questionnaire.
Results: After 15 days of treatment highly signiﬁcant differences were revealed between the
patients treated with magnetic ﬁeld and the patients treated with placebo: the ﬁnal HDRS score
was 53% of the initial value for the group receiving combined treatment, and 86% in the placebo
group (p < 0.001); for MADRS score the values were 51% and 88% (p < 0.001), respectively, and
for BDI 60% and 87% (p < 0.001). Thus, the average effect of placebo applied with ﬂuvoxamine
was a ca. 15% reduction of symptoms, while the concurrent application of magnetic ﬁeld and
SSRI treatment resulted in a 40–50% improvement.
Conclusion: Our study indicates that adding a two-week low-induction variable magnetic ﬁeld
stimulation to a classical pharmacologic therapy reduces the intensity of symptoms in patients
with drug-resistant depressive disorders.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Drug-resistant depressions make up 30% of all depressive
disorders, with often unsatisfactory therapeutic effect. Therefore, different non-drug based approaches have been tested,
with electroconvulsive therapy (ECT) being the most classic but
also the most invasive approach. The use of magnetic ﬁeld to
modify brain activity seems a rational and less burdensome
alternative (Carpenter, 2006). Recently, U.S. Food and Drug
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Administration has approved a device for transcranial magnetic
ﬁeld stimulation (TMS) in the treatment of drug-resistant
depression (Repetitive transcranial magnetic stimulation
(TMS), 2009). TMS uses strong magnetic ﬁelds, often with
induction values of 0.5–2 T and repetition rate near 1 Hz
(Lopez-Ibor et al., 2008). Optimally, strong magnetic ﬁeld
should be applied by neuronavigation-based approach, but
there are some concerns about the feasibility of such procedures (Zyss, 2008).
However, numerous experimental data show that much
weaker variable magnetic ﬁelds (1 nT–100 μT) may cause
changes in the activity of the central nervous system and the
behavior of experimental animals. This is the rationale for using

0165-0327/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.jad.2009.09.016

Please cite this article as: Sobiś, J., et al., Therapeutic efﬁcacy assessment of weak variable magnetic ﬁelds with low value of
induction in patients with drug-resistant depression, J. Affect. Disord. (2009), doi:10.1016/j.jad.2009.09.016

ARTICLE IN PRESS
2

J. Sobiś et al. / Journal of Affective Disorders xxx (2009) xxx–xxx

weak magnetic ﬁelds (often referred to as magnetostimulation,
and not to be confused with TMS) in the therapy of drugresistant depression. One of the therapeutic approaches is to
use weak magnetic ﬁelds with concomitant drug therapy.
The results of several clinical trials conﬁrmed the potential
therapeutic efﬁcacy of magnetostimulation with weak variable magnetic ﬁeld in the treatment of depressive symptoms
in the course of sclerosis multiplex, Parkinson's disease and
Alzheimer's disease (Sandyk, 1994a,b, 1995), and this
method seems to be of beneﬁt mainly due to its interference
with brain function; other applications provide less satisfactory results (see e.g. Wrobel et al., 2008).
In this randomized prospective study we aimed to verify
whether weak variable magnetic ﬁelds with low value of
induction were able to enhance the effects of pharmacological
treatment in drug-resistant depression.
2. Materials and methods
Patients (from Psychiatric Department, Medical University
of Silesia), with conﬁrmed drug-resistant depression, were
prospectively recruited into the study. For the purposes of
this investigation drug-resistant depression was deﬁned as
two unsuccessful courses of anti-depressive therapy, with at
least two anti-depressive drugs from different groups,
administered in relatively high doses for at least six weeks.
The study inclusion criteria were as follows:
1. Fulﬁllment of DSM-IV diagnostic criteria for Major Depressive Disorder, Recurrent (without psychotic symptoms).
2. Drug-resistant depression, as deﬁned above.
3. The score of at least 18 points on the 21-point Hamilton
Depression Scale.
4. Age between 18 and 65 years.
The exclusion criteria were as follows: cancer disease, active
pulmonary tuberculosis or other severe infection, gastrointestinal tract bleeding, implanted electronic devices such as a
pacemaker, a cardioverter-deﬁbrillator, etc. and pregnancy.
The study protocol was approved by the Ethics Committee
(Medical University of Silesia, Katowice, Poland). A written
informed consent to participate in the study was obtained
from the patients; all the procedures were carried out in
accordance with the Declaration of Helsinki regulations.
The patients that fulﬁlled the criteria were randomly
assigned into two study groups. The patients from Group No. I
(12 women and 2 men) received ﬂuvoxamine, a basic antidepressive drug (150 mg daily; administration of the drug
initiated 14 days before magnetostimulation, at 50 mg/day
during week −2 and at 100 mg/day during week −1) and
were subjected to magnetostimulation using the VIOFOR JPS
device (Med & Life, Komorow, Poland) in active mode. The
apparatus is a magnetic ﬁeld generator, with adjustable
magnetic ﬁeld parameters and different accessory application
devices; it also has the option to perform sham exposure (in
placebo mode). During magnetostimulation the patient is lying
down directly on an application mat. The frequency of basic
impulses in the active mode ranged between 180–195 Hz, that
of clustered impulses between 12.5–29 Hz, and that of
thrustered impulses between 2.8–7.6 Hz and 0.08–0.3 Hz;
with the saw tooth-like characteristic of the basic impulse
curve. The exposure was carried out with the settings (M2 P2,

intensity 6 degrees) corresponding to 15 μT effective induction
of the magnetic ﬁeld.
The patients were exposed to magnetostimulation (with
the instrument in either active or placebo mode) once a day
over a three-week period, Saturdays and Sundays excluded.
Each patient underwent 15 exposures. A single magnetostimulation treatment session lasted 12 min.
In the Group No. II (14 women and 2 men) ﬂuvoxamine was
administered in the same regimen as in the Group No. I, but the
patients were treated by the VIOFOR JPS device in the placebo
mode, i.e. subjected to sham exposure, with no voltage applied
to the clamps and no magnetic ﬁeld generated by the
application device (this difference in the operation mode of
the apparatus is not perceived by the subject exposed).
The increase of depressive symptoms was estimated with
the 21-point Hamilton Depression Scale (HDRS) and the
Montgomery-Asberg Depression Scale (MADRS). Also, the
patients estimated themselves with the Beck Depression
Inventory (BDI) questionnaire. Assessments using these tests
were carried out on day 0 and on days 7 and 15 of the exposure
(Fig. 1).
The statistical analysis was performed using General Linear
Model with repeated measures, using SPSS 13 (Statsoft Inc.,
Chicago, IL, USA). Additionally, the point values between both
groups on a ﬁxed day of observation were compared by Mann–
Whitney U test. The results for both groups were shown as
median and quartile values by box-and-whisker plot.
3. Results
The assessment of depressive symptoms was carried out
at the initial visit (at the randomization) and then after 7 days
and 15 days of treatment (Fig. 1). No differences in the
depressive symptoms were concluded following a psychiatric
evaluation prior to the treatment onset (not shown).
We used a general linear model to compare the repeated
measures performed by all three tests applied (repeated
measures ANOVA, separately for HDRS, MDRS, BDI) and
compared the results between the groups of the magnetic
ﬁeld-treated, and sham-treated patients. We found a statistically signiﬁcant difference in the results between the two tested
groups in all three tests applied, with signiﬁcant effects
attributable to the treatment time and the applied magnetic
ﬁeld. The effect of the magnetic ﬁeld was most pronounced in
BDI (RM ANOVA F = 9.24, p < 0.005), highly signiﬁcant for
MADRS (F = 8.08, p = 0.008) and HDRS (F = 5.20, p = 0.03).
After 15 days of treatment a highly signiﬁcant difference
appears between the magnetic ﬁeld-treated group and the
group of patients treated with placebo: in the treated group
the HDRS score and the BDI result were 40.64% and 38.98%
lower, respectively, than in the group receiving placebo
(p < 0.001, Mann–Whitney U test); for MADRS score the
difference was almost two-fold (45.98%, p < 0.001).
The differences in the HDRS, MADRS or BDI scores were less
pronounced after 7 days of treatment (p values for betweengroup comparisons were p = 0.19, p = 0.28, and p = 0.22,
respectively, Fig. 2, Mann–Whitney U test); for BDI score the
median values were almost identical between the two groups.
In a longitudinal observation, there was a signiﬁcant
decrease in all three measures between time point 0 and 7
(Wilcoxon signed-rank test, p < 0.001), most prominent in the

Please cite this article as: Sobiś, J., et al., Therapeutic efﬁcacy assessment of weak variable magnetic ﬁelds with low value of
induction in patients with drug-resistant depression, J. Affect. Disord. (2009), doi:10.1016/j.jad.2009.09.016

ARTICLE IN PRESS
J. Sobiś et al. / Journal of Affective Disorders xxx (2009) xxx–xxx

3

Fig. 1. Assessment of depressive symptoms on days 0, 7 and 15 in the magnetic ﬁeld-treated group (left) and the placebo group (right). HDRS: Hamilton
Depression Scale; MADRS: Montgomery-Asberg Depression Scale, BDI: Beck Depression Inventory.
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Fig. 2. Final results of the study: comparison between the magnetic ﬁeld and the placebo groups using the applied depressive symptoms tests (see Materials and
methods). Boxplots show the ratio of measurements done on day 15 vs. day 0. HDRS: Hamilton's Depression Scale; MADRS: Montgomery-Asberg Depression Scale,
BDI: Beck Depression Inventory.

results of HDRS and BDI (HDRS: 21.45% and 14.57% reduction in
the magnetic ﬁeld and the placebo groups, respectively, BDI:
16.48% and 16.94% reduction in both groups, resp.). During
further observations, we did not notice any signiﬁcant reductions in any tests applied to the placebo group between time
points 7 days and 15 days, while in the magnetic ﬁeld
treatment group there was a signiﬁcant decrease in the
depression symptoms within this time period. For the HDRS
test in the magnetic ﬁeld treatment group, we observed a
33.06% decrease (p < 0.001) between day 7 and 15, similarly to
the results of the MADRS assessment (35.70%).
We summarized the results obtained herein by calculating
an index which compares the initial test result (at time point 0)
to the result after the treatment (at the time point 15 days). The
ﬁnal HADRS score was 52.58% of the initial value in the
treatment group, and 85.68% in the placebo group (p < 0.001);
for MADRS score the values were 51.64% and 87.95%
(p < 0.001), respectively, and for BDI score they were 60.40%
and 86.73% (p < 0.001). Thus, the average effect of placebo

applied with ﬂuvoxamine was a ca. 15% reduction of symptoms,
while the concurrent application of the magnetic ﬁeld and SSRI
treatment resulted in a 40–50% improvement.
4. Discussion
We found out that the application of weak variable
magnetic ﬁelds in the patients with drug-resistant depression
resulted in a signiﬁcant reduction of the depressive symptoms,
most prominent after 15 days of therapy. The outcome in the
patients treated by antidepressant alone was signiﬁcantly
worse than in the subjects exposed concurrently to magnetostimulation. A weak variable magnetic ﬁeld applied with antidepressive therapy resulted in a 40–50% decrease of the
depression symptoms.
It has been demonstrated that low-energy magnetic ﬁelds
may inﬂuence the brain functions in both animals (Carlezon
et al., 2005; Rudolph et al., 1985) and humans (Beale et al.,
1997). The magnetic ﬁeld in psychiatric therapy was a modality
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applied as a kind of neurostimulation (Carpenter, 2006), based
on positive treatment results in various neurologic disorders
(Sandyk, 1994a,b, 1995; Sherman et al., 1998). Therapeutic
applications of weak magnetic ﬁelds, similar to the induction of
natural Earth magnetic ﬁelds (30–70 μT) have been studied less
thoroughly, compared to higher induction ﬁelds. The mechanism of action of the magnetic ﬁelds above 100 μT is wellunderstood: they inﬂuence functions of neural tissue, among
other things the neuronal conductance and brain electrical
activity (Lyskov et al., 1993). Magnetic ﬁelds exert also a
behavioral effect, e.g. stimulate animal activity (Ossenkopp and
Ossenkopp, 1983). Data regarding the inﬂuence of lowinduction magnetic ﬁeld on neural tissue are scarce; however,
it has been shown that it may inﬂuence protein synthesis. The
study of low frequency electromagnetic ﬁelds in cultured rat
astrocytes revealed increased velocity of astrocyte microvesicles, interpreted as adaptation response to cellular stress
(Golfert et al., 2001). Some patterns of magnetic ﬁelds
simulating EEG rhythm were shown to facilitate memory
performance and increase the release of neurotransmitters
(NE, DA and 5-HT) in the hippocampus of the stimulated
animals. Also, morphological changes in nerve synapses were
noted (Wang et al., 2004).
In the clinical setting, the most extensive experience in the
applications of magnetic ﬁelds has been gained thanks to
transcranial magnetic stimulation (TMS) with the high
induction ﬁelds (up to 2 T) applied in very short times
(Eitan and Lerer, 2006; O'Reardon et al., 2005). This method
has been assessed in several clinical trials and may lead to
clinical beneﬁts in the treatment of depression, especially in
the therapy-resistant patients (Garcia-Toro et al., 2006;
Fregni et al., 2006; Rossini et al., 2005a; Avery et al., 2008,
2007; O'Reardon et al., 2007; Stern et al., 2007; Brakemeier
et al., 2008), and also it may show additive effects with the
antidepressant treatment (Rossini et al., 2005b; Bretlau et al.,
2008); the status of this method has been comprehensively
reviewed by Janicak et al. (2008) In our study, we assessed in
a similar setting, the therapeutic efﬁcacy of the magnetic ﬁeld
with a low-induction value.
It has been stressed that the interactions between magnetic
ﬁelds and receptor systems stimulated by pharmacologic
agents could be as potent as chemical synergism (Whissell
and Persinger, 2007). Fields with weak induction were
suggested to exert the biological effect by modifying serotoninergic neurons function, stimulating the serotonin synaptic
transmission. It has been demonstrated that magnetic ﬁeld
increases the turnover of monoaminergic system in the rat
frontal cortex (Sieron et al., 2004). Desensitization of 5-HT1B
following the exposure to 50 Hz 2.5 mT magnetic ﬁeld has been
observed and was suggested to be the primary mechanism of
the beneﬁcial effect of rTMS on depression (Massot et al., 2000).
Other mechanisms, operating by beta-endorphins or substance
P also may mediate the effects of low frequency ﬁelds,
especially the analgesic effect (Bao et al., 2006; Zyss et al.,
1999).
As the role and place for TMS in psychiatric therapy are
widely discussed (see e.g. Marangell et al., 2007; Ebmeier and
Herrmann, 2008; Shah et al., 2008; Rakofsky et al., 2009;
Simpson et al., 2009), this could also spur interest in the lowinduction magnetic ﬁeld as an adjuvant therapy in managing
patients with drug-resistant depressive symptoms. The pre-
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liminary results obtained in our study speak in favor of further
exploring this therapeutic modality. In our study the beneﬁt
was obtained after a relatively short-time therapy, similarly to
the results obtained in rTMS by certain groups (Dell'Osso et al.,
2009). This conﬁrms the potential utility of this method from
the pharmacoeconomic point of view (Simpson et al., 2009).
The mechanisms by which weak induction magnetic ﬁelds
act on the neural tissue are not fully understood (such
mechanisms, in the case of magnetic ﬁelds above 100 μT have
been studied far more extensively). It is thus difﬁcult to
formulate the criteria for choosing either a low or a high
induction magnetic ﬁeld for the clinical setting. Further
research should focus on head-to-head comparison of both
methods, with larger patient cohorts and appropriately
managed, sham-treated control groups.
5. Conclusions
1. Adding variable weak magnetic ﬁeld stimulation to classical
pharmacologic therapy reduces the intensity of depression
symptoms in patients with drug-resistant depressive
disorders.
2. The degree of clinical improvement increases with duration
of weak magnetic ﬁeld therapy.
3. At least a two-week magnetostimulation therapy is necessary to obtain clinical beneﬁts.
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