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Objective: The aim of this study was to evaluate the predictive validity
of the apathy subsyndrome in patients with therapy-resistant depression in
the dose–remission study with transcranial pulsating electromagnetic
fields (T-PEMF).
Methods: The apathy subsyndrome consists of the symptoms of fatigue,
concentration and memory problems, lack of interests, difficulties in
making decisions, and sleep problems. We evaluated 65 patients with
therapy-resistant depression. In total, 34 of these patients received
placebo T-PEMF in the afternoon and active T-PEMF in the morning,
that is, one daily dose. The remaining 31 patients received active
T-PEMF twice daily. Duration of treatment was 8 weeks in both groups.
The Hamilton Depression Scale (HAM-D17) and the Bech-Rafaelsen
Melancholia Scale (MES) were used to measure remission. We also
focused on the Diagnostic Apathia Scale, which is based on a mixture of
items from the MINI and the HAM-D17/MES.
Results: In patients without apathy, the remission rate after T-PEMF was
83.9% versus 58.8% in patients with apathy (p≤ 0.05). In patients
without apathy receiving one active dose daily 94.4% remitted versus
50% for patients with apathy (p≤ 0.05). In patients without apathy who
received two active doses 69.9% remitted versus 66.7% for patients with
apathy (p≤ 0.05).
Conclusion: Taking the baseline diagnosis of the apathy syndrome into
consideration, we found that in patients without apathy one daily dose of
T-PEMF is sufficient, but in patients with apathy two daily doses are
necessary. Including the apathy syndrome as predictor in future studies
would seem to be clinically relevant.

Significant outcomes

∙ The apathy subsyndrome seems to predict the dose–remission relationship in patients with treatment-
resistant depression receiving transcranial pulsating electromagnetic fields (T-PEMF).

∙ When evaluating the dose–remission relationship we used logistic regression analysis for the interaction
between the diagnosis of apathy and T-PEMF dose with remission as the dependent variable.

Limitations

∙ A randomisation at the level of apathy before treatment with T-PEMF has not been done, this might
strengthen the findings.
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Introduction

We have recently performed two controlled clinical
trials using T-PEMF as augmentation in patients
with treatment-resistant depression, defined as non-
response to two different types of antidepressant
medication (1,2). In the first trial we used a non-home
care model of the T-PEMF apparatus, implying that
patients with treatment-resistant depression had to
receive the T-PEMF therapy in our clinic. This trial
(1) was a sham T-PEMF controlled study over
5 weeks of therapy with one dose daily 5 days a
week. Using the MacArthur criterion of remission (3)
[a Hamilton Depression Scale (HAM-D17) (4) score
of 7 or less at endpoint] we obtained a remission rate
of 34% in the active group and 4% in the placebo
group (p< 0.05).

In the second trial, which was randomised and
double blinded, we used a home care model of
T-PEMF, implying that we were able to perform a
dose–remission study with active T-PEMF all 7 days
of the week, in which half of the patients received
one active dose morning and sham in the evening and
the other half of the patients received an active dose
twice daily (2). When using the MacArthur criterion
of remission we were not able to demonstrate a
dose–remission effect, either after 5 weeks of therapy
or at endpoint after 8 weeks of therapy (2). However,
in our psychometric analyses of patients with
treatment-resistant depression, we have previously
identified a subsyndrome present in many of these
patients, consisting of such symptoms as fatigue,
concentration problems, lack of interests or initiative,
and sleep problems (5). This syndrome should be
considered as a depression subsyndrome. This in
contrast to the recent apathy scale (6), which has
been designed with limited overlap with depression
scales.

We have now re-analysed our dose–remission trial
with focus on this apathy syndrome, which we have
identified as an important subsyndrome in treatment-
resistant depression. In the analysis to be reported
here we have focused on both the Diagnostic Apathia
Scale (7) at baseline and the apathy subscale of the
Bech-Rafaelsen Melancholia Scale (MES) (8) as one
of the outcome scales.

The aims of the present study were to test the
following research questions:

1. Does the apathy syndrome have validity in
predicting the percentage of remission at end-
point using as remission criterion a HAM-D17

of score of 7 or less?
2. Is a dose–remission relationship of the T-PEMF

augmentation in operation when using the
remission criterion of HAM-D17 score of 7 or
less in patients with apathy?

3. Is a dose–remission relationship of the T-PEMF
in operation when using the remission criterion
of a HAM-D6 score of 4 or less in patients with
apathy?

4. Is a dose–remission relationship of the T-PEMF
augmentation in operation when using as
remission criterion a MES apathy scale score
of 3 or less in patients with apathy?

Materials and method

The study has been comprehensively described in
Straasø et al. (2). The study was approved by the
Danish Health and Medicines Authority (2013030958)
and the Committee on Biomedical Research Ethics
(H-L-201-031) and was reported to the Danish Data
Protection Agency (PSV-2010-2). The trial was
registered at Clinical Trials.gov (ID NCT01353092).
Patients were given information as requested by the
Biomedical Research Ethics, and all patients signed an
informed consent.

The patients all fulfilled the ICD-10 criteria of
major depression. They were all classified as having
therapy-resistant depression according to the Sackheim
criteria (9), with a score of 3 or more.

In the present study we have focused on the
following rating scales:

The HAM-D17 in combination with MES (10).
From this HAM-D17/MES scale, we have focused on
(a) remission as defined by a HAM-D17 score of 7 or
less, (b) the HAM-D6, which is a 6-item subscale
consisting of the core symptoms of depression
(depressed mood, guilt, work and interests,
psychomotor retardation, psychic anxiety, and
general somatic symptoms) with a remission cut-off
score of 4 or less, and (c) the MES apathy scale (8)
including fatigability, concentration or memory
problems, introversion, and sleep disturbances, with
a remission cut-off score of 3 or less.

We also focused on the Diagnostic Apathia Scale
(Fig. 1), which is based on a mixture of items from
the MINI and the HAM-D17/MES. This Diagnostic
Apathia Scale is based on the Hellström et al. (7)
Apathia scale, but modified. Thus, the Hamilton
Anxiety Scale item 5 ‘Concentration and memory’ is
identical to the MES item 4 (Fig. 1).

T-PEMF therapy

Coil applicators introduced pulsating electrical
fields (E-fields; 50 Hz) of a very low magnitude
(0.1–4 mV/cm) into brain tissue. The pulses were
constructed to mimic the pulsating E-fields measured
outside excitable tissue. The E-fields induced into
neural tissue by the coils were five orders of
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magnitude (10–5) smaller than the E-field across
a biological membrane with a Vm of − 70 mV.
Thus, this device distinguishes itself in this regard
from rTMS and ECT. A total of seven coils were
applied. The treatment helmet incorporates one pair
of coils in the anterior and one pair in the posterior
temporal region on both sides, one pair in the upper
parietal region, and one coil in the centre of the lower
occipital region. All patients were treated for 30 min
in a session.
The pulse generator has a card that is inserted into

the device once treatment is initiated. All patients
received 8 × 2 chipcards to cover the entire study
period. Each card was provided with week number
(1–8) and either ‘morgen’(morning) or ‘aften’(evening).
This text was clearly stated on the cards, and at each
visit the patients received two new cards and returned
the two used ones.
The device and cards were constructed in such a

way that all patients used the device morning and
evening but the card that controls the pulses was
programmed in such a way that a current was running
in coils for treatment in the morning and evening
(treatment twice a day) and only mornings for those
treated once a day (placebo evenings). The patient
was not able to identify whether or not current
was running in a treatment session. The investigators
did not have access to the card programs ‘double
blinding’. Only the GCP unit had access to the
information on the cards in order to check whether
the treatment had been taken as planned. After
study completion, the codes were broken so as to
determine which treatment group the patient had
been allocated to.

Statistical analysis

The scalability in terms of Mokken’s non-parametric
item response theory has been found adequate for the
HAM-D6 and the MES apathy subscale (8), as well
as for the Diagnostic Apathia Scale (7).

When evaluating the dose–remission relationship,
we used logistic regression analysis (SAS version 9.0
2002) for the interaction between the diagnosis of
apathy and T-PEMF dose with remission as the
dependent variable. The level of statistical significance
was p≤ 0.05. The intention-to-treat approach was used
(last observation carried forward (LOCF)).

Results

In total, 65 patients were included in the study. In
total, 34 of these patients received placebo T-PEMF
in the afternoon and active T-PEMF in the morning,
that is, one daily dose. The remaining 31 patients
received active T-PEMF twice daily. During the
planned treatment period of 8 weeks, three patients
dropped out, one patient at week 4 in the group of
one daily dose and two patients (weeks 3 and 4)
dropped out in the group receiving T-PEMF twice
daily. Intention-to-treat (LOCF) was used.

As seen from Table 1, patients without apathy had
significantly higher remission rates than patients with
apathy, thus answering the first research question
about the predictive validity of the Diagnostic
Apathia Scale concerning remission rate (HAM-
D17≤ 7) at endpoint for all 65 patients. In the group
of patients without apathy (a Diagnostic Apathia
Scale score < 11), the remission rate was 83.9%

1a Difficulties in concentration and memory                                                                  
The Bech-Rafaelsen Melancholia Scale (MES),  Item 4 0 - 4

1b Difficulties in concentration or decision making                                                          
MINI International Neuropsychiatric Interview (MINI)  version 5.0  A3,  item f

2a Lack of interests                                                                                                       
MINI International Neuropsychiatric Interview (MINI)   5.0       A2 0 - 1

0 - 1

2b Work and interests                                                                                               
Hamilton Depression Scale (HAM-D) ,  Item 7 0 - 4

3a Somatic general (fatigue and muscle pains)                                                       
Hamilton Depression Scale (HAM-D),  Item 13 0 – 2

3b Tiredness, lack of energy                                                                                       
MINI International Neuropsychiatric Interview (MINI)   version 5.0   A3,  item d

4 Sleep problems (insomnia or hypersomnia)                                                               
MINI International Neuropsychiatric Interview (MINI)  version 5.0   A3,  Item b 0 – 1

0 – 1

Total score                                                                                                                  
0 - 14

The Diagnostic Apathia Scale from MINI / Hamilton scales [HAM-D/MES]

Fig. 1. The Diagnostic Apathia Scale from MINI/Hamilton scales (HAM-D/MES).

The Diagnostic Apathia Scale in treatment-resistant depression
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against 58.8% in the group of patients with apathy
(p = 0.032).

Table 2 concerns our second research question
about dose–remission relationship using HAM-D17≤ 7
as criterion of remission. The logistic regression
analysis obtained a χ2 value of 3.84 (p = 0.050) for
the interaction between the diagnosis of apathy
(using the Diagnostic Apathia Scale) and the dose
of T-PEMF (one versus two active doses daily). As
shown in Table 2, the remission rate in the group
receiving one active dose daily was 94.4% for
patients without apathy but 50% for patients with

apathy and the remission rate in the group receiving
two active doses daily was 69.2% for patients
without apathy and 66.7% for patients with apathy.
Our answer to the second research question is
therefore that a dose–remission relationship was in
operation, so that for patients without apathy one
dose of T-PEMF daily is optimal, but in patients with
apathy two doses daily are needed. On the other
hand, in patients without apathy two doses daily of
T-PEMF seemed to flatten the remission rate.

Table 2 shows the third research question about a
dose–remission relationship using a HAM-D6 score
of 4 or less as criterion of remission. The logistic
regression analysis obtained a χ2 value of 4.85
(p = 0.028) for the interaction between the diagnosis
of apathy and the dose of T-PEMF. Again, the
remission rate for patients with apathy receiving
T-PEMF in a dose once daily was below 50%,
whereas it was 72% in those apathy patients who had
received T-PEMF twice a day. Therefore, the answer
to the third research question is similar to the second.

Table 2 shows the fourth research question about
dose–remission relationship using a MES Apathy
score of 3 or less as criterion of remission. The
logistic regression analysis obtained a χ2 value of
4.66 (p = 0.031) for the interaction between the

Table 2. Remission rates among patients with and without apathia receiving T-PEMF once or twice daily during 8 weeks

T-PEMF augmentation

One dose daily (n = 34) Two doses daily (n = 31) Total (n = 65)

Ham-D17< 8*

No apathy remission week 8 Yes No Yes No

17 1 9 4 n = 31

% remission 94.4 69.2

With apathy remission week 8 Yes No Yes No

8 8 12 6 n = 34

% remission 50.0 66.7

Ham-D6< 5†

No apathy remission week 8 Yes No Yes No

12 6 6 7 n = 31

% remission 66.7 46.2

With apathy remission week 8 Yes No Yes No

6 10 13 5 n = 34

% remission 37.5 72.2

MES Apathia Scale < 4‡

No apathy remission week 8 Yes No Yes No

10 8 4 9 n = 31

% remission 55.6 30.8

With apathy remission week 8 Yes No Yes No

5 11 11 7 n = 34

% remission 31.3 61.1

HAM, Hamilton Depression Scale; MES, Bech-Rafaelsen Melancholia Scale; T-PEMF, transcranial pulsating electromagnetic fields.

No apathy: Diagnostic Apathia Scale < 11; Apathy: Diagnostic Apathia Scale ≥ 11.

* Logistic regression analysis: no apathy versus apathy, p = 0.033; one dose versus two doses, p = 0.338; interaction, p = 0.050.
† Logistic regression analysis: no apathy versus apathy, p = 0.929; one dose versus two doses, p = 0.556; interaction, p = 0.028.
‡ Logistic regression analysis: no apathy versus apathy, p = 0.812; one dose versus two doses, p = 0.845; interaction p = 0.031.

Table 1. Remission rates (Ham-D17< 8) among patients with and without apathia

receiving T-PEMF during 8 weeks

The Diagnostic Apathia Scale

No apathy

syndrome

< 11 (n = 31)

Apathy

syndrome

≥ 11 (n = 34) p

Remission week 8 HAM-D17< 8 Yes No Yes No

26 5 20 14

% remission 83.9 58.8 0.032

T-PEMF, transcranial pulsating electromagnetic fields.

No apathy: Diagnostic Apathia Scale < 11; Apathy: Diagnostic Apathia Scale ≥ 11.
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diagnosis of apathy and the dose of T-PEMF. The
remission rate for patients with apathy receiving
T-PEMF in a dose once daily was ∼ 30%, whereas it
was 66% in those apathy patients who had received
two doses daily (Table 2). Therefore, our answer to
the fourth question is similar to our second and third.
The dose–remission pattern in Tables 2A–C seems

to indicate that in patients without apathy two daily
doses of T-PEMF flattened the remission rate. Because
of this, Fig. 2 shows the pharmacopsychometric
triangle in the group of patients without apathy at
endpoint, that is, after 8 weeks of therapy. In this
triangle, A indicates the clinical effect where we
show the results from Table 2 concerning HAM-
D6< 5 as criterion of remission. At B in the triangle,
the corresponding UKU side-effect total score is
indicated, showing a small tendency to a higher side-
effect score in patients receiving two daily doses
versus one daily dose. In an analysis of the individual

UKU side-effect items, such items as concentration
difficulties, nausea, and increased sweating were
numerically but not statistically (p approximately
0.10) responsible for this tendency. At C in the
triangle, the WHO-5 subjective quality of life score
indicated a trend towards lower well-being in patients
without apathy who received two daily doses versus
one dose daily, but again without statistical
significance.

In Fig. 3, we have shown the dose–remission
relationship without reference to the apathy
subsyndrome, using the HAM-D6 remission
criterion of 4 or less week by week throughout the
trial. The dose–remission only obtains statistical
significance at week 7 (p = 0.0048).

Discussion

The ability of the Diagnostic Apathia Scale to
differentiate between remission rates after 8 weeks
of T-PEMF augmentation using a cut-off score of 7
or less on the full HAM-D17 implies that apathy is an
important subsyndrome in therapy-resistant depres-
sion, and clinically useful. The Apathy Evaluation
Scale developed by Marin et al. (11) was designed to
focus selectively on motivation items, for example,
being interested in things, in persons, or in having
new experiences. The apathy syndrome identified
with the Diagnostic Apathia Scale covers not only
the MINI item of lack of interests, but also the
neuropsychological symptoms of concentration
or memory problems, decision-making problems,
ability to work, lack of energy or fatigue, and sleep
problems.

Remission  HAM-D6 < 5

0 1 2 3 4 5 6 7 8 weeks

100 %

87 %

75 %

62 %

50 %

37 %

25 %

12 %

0 %

One PEMF dose daily (N=34)

Two PEMF doses daily (N=31)

P = 1.000 1.000 0.103 1.000  1.000  1.000 1.000 0.048 0.617

Fig. 3. The week-to-week remission (HAM-D6) comparing one
versus two T-PEMF doses.

Clinical effect Unwanted side effects

Self-reported well-being

A B

C

Non-apathy patients at endpoint
(8 weeks of therapy)

HAM-D6 remission 

One dose
N = 18

Two doses
N = 13

66.7% 46.2%

UKU side  effects 
One dose

N = 18
Two doses

N = 13
6.4

(3.4)
7.2

(3.2)

WHO-5
One dose

N = 18
Two doses

N = 13
61.3

(25.1)
54.2

(27.5)

Fig. 2. The pharmacopsychometric triangle and transcranial pulsating electromagnetic fields (T-PEMF) dose relationship.
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After this positive answer to our first research
question, we investigated to what extent a T-PEMF
dose–remission relationship was in operation, using
three different criteria of remission after 8 weeks of
therapy. No matter whether remission was defined
by HAM-D17< 8, HAM-D6< 5, or MES apathy
subscale< 4, the logistic regression analysis indicated
a statistically significant interaction between dose and
remission (p≤ 0.05). Our answer to the remaining
research question is therefore that in therapy-resistant
depression without signs of apathy one T-PEMF dose
daily for 8 weeks is optimal. However, patients with
apathy need to have two T-PEMF doses daily for
8 weeks in order to obtain a remission rate of more
than 50%.

We have shown that the E-fields cause activation
of the Scr kinase (12), which in turn leads to mRNA
upregulation and secretion of proteins, which lead
to angiogenesis in animal models. Our working
hypothesis is that secretion of growth factors from
various cell types causes angiogenesis and activation
of neurons and astrocytes and thus an enhanced
neural plasticity, and leads to the reported remission
by patients. Duration of treatment (30 min) was
determined from biological data obtained from the
time dependency of the Src kinase activation. This
kinase becomes inactivated after 30 min in spite of
continued stimulation with E-fields. Since our mode
of action is based on secretion of growth factors
and paracrine activation processes, which are limited
by the Src kinase activity, we would assume that
there is a limit to the effective daily dose. Further
investigation is needed to clarify how T-PEMF
treatment should be optimised, including the
observation that in depressed patients without
apathy the high dose of T-PEMF twice daily is
inferior to only one dose daily.

In conclusion, we have demonstrated a dose–
remission relationship of T-PEMF augmentation
when taking the baseline diagnosis of the apathy
syndrome into account. However, no statistically
significant dose relationship concerning side-effects
was seen as the level of T-PEMF-induced side-effects
was very low.
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