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Background: Depressive syndrome is one of the most common of psychiatric diseases and
is ranked as the largest single contributor to global disability. Depression worsens the
treatment outcomes of comorbid conditions and is a predictor of an increased mortality
rate. Frequent comorbidities accompanying depressive syndrome are eating disorders (ED).
The novel brain stimulation technique termed repetitive transcranial magnetic stimulation
(rTMS) has been developed as a clinical tool to treat depression. Simultaneously the effect of
rTMS has been studied on ED.

Purpose: The aim of this study was to monitor the correlation between the improvement in
depressive symptoms and changes in eating behavior after rTMS treatment, and potential
possibility of the utilization of rTMS in the treatment of these frequent comorbid conditions.
Methods: To map the change in eating behavior, this study follows the changes in answers 5
and 7 in the Zung Self-Rating Depression Scale. The patients were treated with high-
frequency rTMS focused on the left dorsolateral prefrontal cortex.

Results: We observed a significant change in both questions. At the same time, the change in
both questions correlates with a variance in the overall depressive symptoms.

Conclusion: The rTMS treatment of depressive syndrome resulted in significant clinical
improvements, including changes in eating behavior.

Keywords: depressive syndrome, eating disorders, eating behavior, rTMS, Zung Self-Rating
Depression Scale

Introduction
Depressive syndrome is one of the most common of psychiatric diseases,' as well as
contributing to significant disabilities and adverse socioeconomic effects.” According
to the World Health Organization, depression is ranked as the largest single con-
tributor to global disability (7.5% of all years lived with disability in 2015)."

Moreover, comorbidities accompanying depressive syndrome are frequent.’~>
Depression worsens the treatment outcomes of these comorbid conditions,® and is
an independent predictor of an increased mortality rate.”® Therefore, there are at
least three reasons for studying these comorbidities. The co-occurrence of two or
more disorders may have nosological implications, implications for etiologic mod-
els, and negative consequences on various aspects of life.”

Eating disorders (ED) are frequent comorbidities of the depressive syndrome.'®'" For
example, the lifetime prevalence of “at least one mood disorder” varies from 24% to 90%
in patients with bulimia nervosa (BN),'*'* and from 31% to 88.9% in patients suffering
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from anorexia nervosa (AN)."*!* The chronology of onset of
depression and ED remains unclear.'® However, the relation-

1016 and some stu-

ship between the illnesses is indisputable,
dies even suggest a shared genetic pathway between ED and
depression (Afari, N. et al, 2010; Mas, S. et al, 2013).17’18

In the last 20 years, a novel brain stimulation technique
termed repetitive transcranial magnetic stimulation has been
developed as a clinical tool to treat depression.'® Several
previous meta-analyses have demonstrated the antidepres-
sant efficacy of high-frequency rTMS (5-20 Hz) applied to
the left dorsolateral prefrontal cortex (DLPFC).>%2?
Simultaneously the effect of rTMS treatment has been stu-
died on ED, in recent years primarily on AN.?*** The effect
on craving in BN as well as binge eating disorder (BED) has
already been established.”>® In the literature, one can even
find a case report of women with depression and comorbid
BN, for whom rTMS proved to have a positive effect.”’

The common target of stimulation, in the case of studies
following alternative treatment of ED, is the left DLPFC.
Generally, DLPFC is involved in decision-making and emo-
tion regulation,”® which play roles in the symptomatology
of ED. For example, in AN, hypoactivity of prefrontal
cortical regions during response inhibition and set-shifting
tasks has been reported.”” Simultaneously, functional neu-
roimaging studies of AN patients using symptoms-provoca-
tion paradigms have proposed either aberrant functioning of
“top-down” prefrontal regions (executive control) and/or
subcortical regions promoting “bottom-up” (stimulus-dri-
ven) responses, anxiety-related mesolimbic circuits,
reward-related regions (eg, the striatum), and parietal soma-
tosensory regions.*° Therefore, the increase of the activity
of DLPFC may improve anorexic eating behavior.*?
While studies describing the relationships between BED,
10-14,16-1831.32 -

dies discussing changes of appetite during depression are rare,

BN, obesity, and depression are common,

despite the fact that a reduction in food intake and weight loss
are important physical symptoms of depression, paradoxically
currently primarily associated frequently with depressed

women. 3

Table | Demographic and clinical characteristics

According to our knowledge, there are no studies
which specifically evaluate the changes in eating habits
in depressive patients after rTMS treatment. This study
follows the changes in answers 5 and 7 in the Zung Self-
Rating Depression Scale (ZDS), to map the subjective
perception of eating behavior and weight change.

The Geliebter study (2001), which refers the change in
meal intake in obese binge eaters in relation to mood and
gender, eliminated question 5 (I eat as much as I used to)
and question 7 (I notice that I am losing weight) from the
ZDS because they address decreased eating and weight
loss associated with depression, which was not applicable
to their study’s purpose.>* By contrast, for our study’s aim,
we used exactly these two questions to follow-up the
changes in eating habits, as represented by appetite and
body weight. Furthermore, we also have followed the
interrelationship of these two aspects eating, and their
association to changes of SDS Index, the duration of the
stimulation, and the relationship with the diagnoses.

Materials and methods

The study was conceived as observational, pragmatic,
open, non-randomized clinical evaluation. Research of
had been
approved by Ethical Committee of General University
Hospital in Prague with No.f1933/18 S-IV.

rTMS application in depressive patients

Participants

The participants in our study were both outpatients and inpa-
tients being treated for depressive syndrome at the Department
of Psychiatry First Faculty of Medicine Charles University
and General University Hospital in Prague, Czech Republic
(Table 1). The inclusion criteria for rTMS treatment were
depressive syndrome of large scale of affective disorders:
Bipolar Affective Disorder (12.5%), Depressive episode
(44.54%), Organic Depressive Disorder (8.93%), Recurrent
Depressive Disorder (14.29%), and Mixed anxiety and depres-
sive disorder (19.64%) (Table 1, Figure 1).

Participants Gender Type of hospitalization Diagnoses

Men Women Inpatients Outpatients BAD DE oD RD ADD
N 31 25 26 30 7 25 5 8 I
% 55.36 44.64 46.43 53.57 12.5 44.64 8.93 14.29 19.64

Abbreviations: BAP, Bipolar Affective Disorder; DE, Depressive episode; OD, Organic Depressive Disorder; RD, Recurrent Depresve Disorder; ADD, Mixed anxiety and

depressive disorder.
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Figure | The scale of affective disorders in the file.

Abbreviations: BAD, bipolar affective disorder; DE, depressive episode; OD,
organic depressive disorder; RD, recurrent depressive disorder; ADD, mixed anxi-
ety and depressive disorder.

Table 2 Medication

Medications Participants

N %
bzd 31 5741
hyp 6 .11
Li 5 9.26
API 9 16.67
AP2 26 48.15
SARI 6 .11
SSRI 21 38.89
SNRI 19 35.19
TeCA 14 25.93
vort | 1.85
antiH 4 741
M 5 9.26
RIMA | 1.85
IChAE | 1.85
noo | 1.85
bup 4 741
SHTIA 3 5.56
biper | 1.85
TCA 2 37

Abbreviations: bzd, benzodiazepines; hyp, hypnotics; Li, Lithium; API, Ist
Generation of antipsychotics; AP2, second generation of antipsychotics; SARI,
serotonin antagonists and reuptake inhibitors; SSRI, selective serotonin reuptake
inhibitors; SNRI, serotonin-norepinephrine reuptake inhibitors; TeCA, tetracyclic
antidepressants; vort, vortioxetin; antiH, antihistamines; M, melatonin; RIMA, rever-
sible inhibitors of monoamine oxidase; IChAE, cholinesterase inhibitors; noo, noo-
tropics; SHTIA, antagonists of SHT| receptor; biper, biperiden hydrochlorid; TCA,
tricyclic antidepressants; bup, bupropion.

The medications of participants varied based upon their
diagnoses from antidepressants to antipsychotics or thy-
mostabilizers (Table 2). However, the subjects continued
using their habitual medication during the rTMS treatment
unchanged to eliminate its clinical effect on overall mental
status and thus the results of the study.

The only exclusion criterion was the contraindication
to rTMS as history of epileptic paroxysmus, increased
intracranial pressure or brain tumor, implanted metal
devices in cranium(except oral cavity) and implanted
pacemaker or drug pump.

All of the patients had signed the informed consent
form as a standard procedure before the start of the treat-
ment by rTMS.

Evaluation of psychopathology changes
To evaluate the severity of depression, Zung’s Self-Rating
Depression Scale,* consisting of 20 questions, was used,
including emotional, behavioral, cognitive, and somatic
depressive symptoms. The subjects rated each item
according to how frequently they had felt each of these
during the proceeding week. Rating was (1) for none of
the time or infrequently, up to (4) for most or all of the
time. Summing the scores for all of the individual items
gave a total score ranging from 20 to 80. The raw score
converted to a 100-point scale is the SDS/SD Index. The
classifications according to the final SDS Index are as
follows: those below 49 are considered normal, those
between 50 and 59 are considered to have mild depression,
60-69 to have moderate or marked depression, and those
who score 70 and above are considered to have severe
depression.*>? All subjects completed the questionnaires
twice, before and after stimulation.

To evaluate the change in the eating behavior, ques-
tions 5 and 7 from ZDS were used.

Stimulation methods
The average duration of the stimulation was 12.74 sessions
(minimum 9 sessions and maximum 24 sessions). There
was one non-standard long-term stimulation (24 sessions)
in the study. We continued with this stimulation to achieve
remission of the depressive symptoms, in accord with the
desires of the patient. This is reflected in the results.

The patients were treated with high-frequency rTMS
(10 Hz). Stimulations were realized five times a week, except-
ing weekends. The other parameters of stimulation were
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determined with snf 15 trains of 10 s of 100 pulses with
individual intertrain 50—70 s providing a total of 1500. The
intensity of stimulation was set up as individual minimal
intensity to induce the response of musculus abductor pollicis
brevis, which means 100% of the minimal motor threshold.
The target of the stimulation was the left DLPFC which was
localized as 5 cm anterior to and in the same parasagittal plane
(coplanar transposition) as the site of maximal abductor polli-
cis brevis stimulation.'”*****? The localization and fre-
quency of stimulation were analogous to other studies on the
treatment of ED by rTMS. %’

Statistical analysis

Linear models with mixed effects were used to analyze the
treatment. In a detailed view of the individual questions, the
correction of the achieved levels of tests was carried out
using the Holm method. For the analysis of food intake
details, the non-parametric statistical methods Fisher’s
exact test, the Wilcoxon test, and the Spearman correlation
coefficient were used. The analysis was calculated using the
statistical package R, version 3.2.2, R Core Team (2015).
Test levels of less than 5% were considered statistically
significant.*?

Table 3 SDS Index before and after stimulation

Results

The final sample consisted of 56 cases, including 51 different
participants (5 participants completed 2 stimulation series).
Excluding one unusually long stimulation (24 sessions), we
obtained sample consisting of 55 cases (N). The average age
of participants was 53 years old (range 2685 years).

The severity of depressive symptoms varied from 44 to
94 points on the SD score (Table 3). The average SDS
Index before stimulation was 72 points (med. =72). After
the end of stimulation, the SDS Index changed by median
delta =9 (Figure 2, Table 3). The average duration of
stimulation was 12.7 sessions.

There was a statistically significant reduction of symp-
toms referred in both, question 5 (p=0.008) and question 7
(»=0.021) (Figure 3). The questions are related to the statis-
tically significant level (p=0.009, Table 4). The change in
both questions correlates with a variance in the delta SDS
Index (p=0.046, p=0.00) (Figure 4). The contribution of
changes in questions 5 and 7 to overall changes in the SDS
Index was unimportant (median 0 and 0.02). None of the
questions examined showed significant changes when con-
sidering the different diagnoses. If we take into account the
unusually long stimulation, and then recalculate the results

SDS index Min. Ist Qu. Median Mean 3rd Qu. Max. SD N NA’s
Before stimulation 44.00 65.0 72.0 71.43 79.0 94.0 11-Oct 54.00 2.0
After stimulation 34.00 51.00 59.00 60.70 68.00 88.00 Dec-39 54.00 2.0
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Figure 2 (A) Overall SDS Index after stimulation. (B) Delta SDS Index after stimulation.
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Figure 3 The change in questions 5 and 7 for the file without unusually long
stimulation.

Table 4 Correlation between the change in question 5 and
question 7 for the file without unusually long stimulation: The
test of correlation: p=0.009

-1 0 | 2
-2 0 0 0 |
-1 0 6 | 0
0 2 15 | 0
| 0 12 4 0
2 0 3 0 |
3 0 0 2 0
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for this sample, the only statistically interesting modifications
compared to the previous calculation, emerged in an insig-
nificant change in question number 7 (p=0.122) (Figure 5).

Discussion
The relationship between depression and ED is well

known,''!8

as is the connection between improvements
of depressive symptoms and subsequent positive changes
in eating behavior. This linkage is more-or-less success-
fully integrated into the treatment of comorbid ED and
depression, for example by using selective serotonin reup-
take inhibitors in pharmacotherapy.** Therefore, our aim
was not to examine the association between the improve-
ments of depressive symptoms and the eating behavior
itself, but rather to document the range of these changes
in appetite and body weight after rTMS treatment in
depressive patients.

This study’s findings confirmed our clinical experi-
ences and assumptions that any improvement of depres-
sion and a positive shift in questions 5 and 7 are
associated. Considering the wording of the questions, we
concluded that the participants improved their eating con-
ditions, specifically the amount of food intake and stabili-
zation of their body weight. Surprisingly, the significance
of the positive change in question 7 (concerning body
weight) after completion of rTMS treatment emerged by
exclusion of the unusually long stimulation from the sam-
ple. Based on ongoing studies, where the standard length

1.5

Question 7

<
-
!

T T

T T
-10 0 10 20 30 40
Delta SDS

Figure 4 (A) Correlation between the change in question 5 and delta SDS Index for the file without unusually long stimulation. (B) Correlation between the change in

question 7 and delta SDS Index for the file without unusually long stimulation.
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Figure 5 Change in questions 5 and 7 in file with unusually long stimulation.

of stimulation is 20 sessions,”>**

we had expected that
longer stimulation would have had a better effect, but our
results suggest an opposite tendency. The question of any
positive effect of longer stimulation still remains open, and
should be replicated in further research.

Based on the results of our study, therapy using rTMS can
positively influence the course of a wide spectrum of depres-
sion, improving depressive symptoms as well as related
behavioral factors (reflecting changes in appetite and
weight). However, their contribution (questions 5 and 7) in
the overall changes in SDS Index was negligible. Thus, a
positive result upon depression improves eating patterns and
not vice versa.

Additionally, we examined if the change in overall
SDS Index and the eating behavior questions differed
between the affective diagnoses included in the study, as
defined by International Classification of Diseases, 10th
Revision (ICD-10), however we did not find any statisti-
cally significant difference. Therefore, we hypothesize,
that a positive change in eating behavior after rTMS treat-
ment could be expected upon the entire spectrum of
depressive diagnoses.

In 2013, Jianjun Chen compared the efficacy of high-
frequency left-DLPFC rTMS with low-frequency right-
DLPFC rTMS treatment of depression in a meta-analysis
of seven randomized controlled trial studies with 221 adult
subjects. No significant differences between the examined
treatments were found.** Also, the small meta-analysis
performed by Enokibara et al, recently proved that high-
frequency right-DLPFC rTMS is more successful in the

relief of craving in substance addictions,** which are neu-
robiologically related to ED.* In our opinion, it would be
interesting to examine the effect of rTMS on right-DLPFC
on the eating behavior in depressive patients, and its
possible use in the treatment of dual diagnoses.

There are some limitations of this study. First of all, the
number of participants is relatively small. Secondly, the study
was conceived as observational, pragmatic, open, non-rando-
mized clinical evaluation. A larger, placebo controlled, and
randomized study is necessary to confirm our findings. We
were observing the change in specific two questions from ZDS
because of their connection with eating disorder. The study
would be improved if two different questionnaires would be
used to evaluate the change in the mood and the change in the
eating habits. Specific questionnaire, which would evaluate the
changes in the eating behavior could bring more specific results
(eg, EDE-Q — Eating Disorder Examination Questionnaire).
Further, it would be very interesting to follow-up improve-
ments in appetite and body weight (or other physical condi-
tions), differentiating between specific depressive diagnoses.
Another task for enlarged samples could be to compare the
effects of different numbers of stimulation, and to set up the
optimal number of sessions.

We followed the study of Geliebter,”* in which they
excluded questions 5 and 7, because weight loss could be an
intended result of overweight women. In our study, it would be
interesting to find out if there are any differences in outcomes
between overweight participants and participants of normal
weight. Also, any gender or age differences in treatment
responses remain to be answered by further research.

Finally, we have used the ZDS, which is a subjective
scale. In our opinion, it is necessary to use some objective
evaluation in subsequent studies (such as following
changes of daily menu, body weight, anamorphic ...).

Conclusion

The rTMS treatment of depressive syndrome across ICD-10
diagnoses of depressive disorder resulted in significant clin-
ical improvements measured by the Zung Self-Rating Scale,
including changes in those questions (5 and 7) reflecting
eating behavior. However, the changes in eating behavior
symptoms did not significantly contribute to the overall
improvement of depression. Our findings regarding the char-
acteristics of appetite and weight responses in the treatment
of large-scale depressive symptoms bring some new evi-
dence for further studies of rTMS treatment of comorbid
ED and depression.
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