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Abstract: Introduction: Depression in the elderly is an understudied condition. Psychopharmaco-
logical and psychotherapeutic approaches suffer from specific difficulties with this patient group.
Brain stimulation techniques such as repetitive transcranial magnetic stimulation (rTMS) offer a
therapeutic alternative. rTMS remains understudied in this age group when compared with younger
patients. Methods: A cohort of 505 patients with depression was analyzed in retrospect concerning
their response to rTMS treatment. A total of 15.5% were 60 years old or older, defined as the elderly
group of depressed patients. The majority of these were treated with high-frequency protocols over
the left dorsolateral prefrontal cortex (DLPFC). For group comparisons, we used Student t-tests or
chi-square-tests, depending on the scales of measurement. As measures for effect size, we used
Cohen’s d for the relative and absolute change in the HDRS total score. Results: Groups did not differ
significantly with respect to baseline depression severity or treatment parameters. In the group of
elderly patients, a higher number of females were present. Groups did not differ significantly with
respect to treatment efficacy, as indicated by the absolute and relative changes in the HDRS-21 sum
score. Elderly patients tended to take higher numbers of mood stabilizers. Elderly patients showed a
significantly superior reduction for the item “appetite” and a superior reduction tending towards
significance for the item “work and interests”. Conclusions: Antidepressant rTMS treatment showed
comparable efficacy for patients above 60 years to that in younger patients. Differences between the
age groups concerning amelioration of distinct HDRS single items deserve further investigation.

Keywords: repetitive transcranial magnetic stimulation; geriatric depression; brain stimulation

1. Introduction

Late-life depression, or depression in the elderly, is often defined as the presence of a
depressive disorder in patients over the age of 60. It is often accompanied and its treatment
complicated by somatic comorbidity, frailty, and cognitive impairment [1]. Despite a
high prevalence of the condition, reaching 10–20% in some surveys, it is often under-
reported by patients or misinterpreted due to patients complaining mainly about somatic
and cognitive symptoms, making early diagnosis challenging [2]. It has been shown that
late-life depression is also associated with an increase in the utilization of health care
services and resources, leading to a high economic burden on nations, which indicates
the importance of enhancing treatment strategies in this population [3]. Given the current
demographic shift, the issue of late-life depression will only become more important to
practitioners and health care providers over the next few years and decades. There is
also evidence that early- and late-life depression are different in their symptoms, with the
elderly showing more somatic symptoms and depression in the elderly being accompanied
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by cognitive dysfunctions, somatic comorbidity, and physical disability [4]. Inflammatory
processes are also discussed [5].

The main treatment modalities in the management of depression are pharmacological
and psychotherapeutic interventions. Both, however, can present challenges for geriatric
patients. The remission rates after 3 trials of antidepressant treatment are around 60–70%,
leaving approximately 30% of patients resistant to antidepressant treatment [6]. However,
the use of antidepressants in the elderly has been guided mostly by research on younger
subjects [7,8]. Whether the results from these studies are transferable to elderly patients
remains questionable. As an example, a clinical trial recruiting patients over 75 years of age
showed no significant efficacy of citalopram over placebo in the treatment of depression [9].
In addition, somatic comorbidities and often extensive polypharmacy may limit the choice
of antidepressant medication, with common concerns including anticholinergic and cardio-
circulatory side effects or sedation [2]. Furthermore, the use of psychotherapy can be
limited by cognitive impairment and limited availability [8]. Electroconvulsive therapy can
be very effective and even lifesaving in the case of severe and psychotic depression, but it
has a reputation for severe cognitive side effects and carries the risk of anesthesia [10,11].

Non-invasive brain stimulation (NIBS) procedures, on the other hand, are less affected
by such limitations and carry a small risk of side effects [12]. Repetitive transcranial
magnetic stimulation (rTMS) is a safe, non-invasive neuromodulation therapy for a variety
of psychiatric disorders. Study results have been most convincing for the treatment of
depression [13]. rTMS as a treatment for depression is usually applied over the dorsolateral
prefrontal cortex (DLPFC) and induces a magnetic field that results in the depolarization
of underlying neurons and the modulation of the neural circuitry involved in emotion
regulation and depressive symptoms [14,15].

While rTMS is recognized as overall safe with a low incidence of adverse events in
elderly patients [16], the evidence base for its application is less valid than for younger
patients due to smaller sample sizes and the heterogeneity of treatment protocols [15,17,18].
Early high-quality studies found rTMS to show more effectiveness when applied in the
first year of the onset of a depressive episode and in patients below the age of 65 [10,19],
leading to the assumption that rTMS is a less-than-optimal option for geriatric depression.

Large studies and resulting meta-analyses mainly included younger patients, with
reported mean ages in meta-analytic syntheses ranging from 27 to 61 [17].

A theoretical difficulty in treating elderly patients that has been suggested is age-
related frontodominant brain atrophy, which may limit the validity of motor threshold
(MT) determination for assessment of treatment intensity because, in theory, it makes
reaching the prefrontal cortex more challenging. It has been suggested that because of
this, higher treatment intensities are needed in this patient population [10,17]. Individual
neuronavigated identification of the DLPFC and determination of treatment intensity under
consideration of the coil cortex distance has been suggested as a possible solution; however,
its clinical relevance remains to be proven [13].

A recent meta-analysis concluded rTMS to be significantly superior to sham for reduc-
ing the severity of depression and for remission and response induction in patients aged
50 or older [20].

Nevertheless, evidence for the effectiveness of rTMS in the elderly, as defined as
patients above the age of 60, remains scarcer and therefore weaker than for their younger
counterparts. In our analysis, we aimed to directly compare the responses of different age
groups with depression to rTMS treatment in a large sample.

2. Materials and Methods

A retrospective cohort of patients with depression who were treated with rTMS at the
Center for Neuromodulation Regensburg (Germany) between 2002 and 2020 was included
in the analysis. Patients gave written, informed consent to treatment. The retrospective
analysis of clinical data was approved by the local ethics committee (20-2117-104) and
conducted in accordance with the declaration of Helsinki. The inclusion criteria were: naïve
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to rTMS (in cases of repeated rTMS treatments, only the patient’s first treatment with rTMS
was considered), diagnosis of depression according to ICD-10 of F31-F33, a completed
Hamilton depression rating scale (HDRS) at the beginning and end of the rTMS treatment,
and absence of a serious somatic illness. Both inpatients and outpatients were included.
Based on these criteria, a sample of 505 patients was collected for this analysis. We have
previously reported on subsets of this cohort, but with different and/or smaller samples
and different objectives [21–25]. Treatment effects were assessed by the 21-item HDRS,
which is a well-known and widely used scale in clinical and research settings that measures
the severity of depression. The 21-item HDRS is a reliable depression scale considering
internal consistency, inter-rater, and test-retest reliability [26,27]. Each item is rated from
0 to 2 or 0 to 4, with higher scores indicating greater severity of symptoms.

A total of 15.5% (78 out of 505) of these patients were 60 years old or older, defined as
the elderly group of depressed patients. The descriptive sample characteristics are shown
in Table 1 (for details, see also results). Different study protocols were used. 381 patients
received 2000 pulses over the left prefrontal cortex applied at 20 Hz. A total of 75 patients
also received left frontal facilitating protocols (10 Hz, 1000 pulses: n = 10; 10 Hz, 2000 pulses:
n = 15; intermittent theta burst stimulation, 600 pulses (iTBS): n = 20; 3 times iTBS with
a break of 15–20 min in between: n = 13; iTBS neuronavigated according to the border
between the anterior and middle third of the middle frontal gyrus: n = 17 [22]). A total of
13 patients were treated on the medial prefrontal cortex (10 Hz, 2000 pulses), and 32 were
stimulated on both the left and right DLPFC in consecutive order (13 with 1 Hz right and
10 Hz left, each side 1000 pulses; 17 with continuous TBS right and iTBS left, each side
1200 pulses). Four patients were stimulated with specific and non-standard protocols. All
treatments were carried out with different machines from the MagPro series (MagVenture
A/S, Farum, Denmark). Except for the medial prefrontal cortex stimulation, all treatments
were carried out with a figure-of-eight coil. The coil was held stable during the treatment
by a mechanic’s holding arm. The relative position of the head to the coil was adjusted if it
changed during the stimulation. Resting motor thresholds were determined by the method
suggested by Rossini and Rothwell, which is the threshold for which 4 out of 8 pulses elicit
motor-evoked potentials above 50 µV at the hotspot of motor cortex activation [28].

All data were analyzed using SPSS (IBM Corp., Armonk, NY, USA; Version 24.0.0.0).
The significance level was set at p < 0.05. For group comparisons, we used Student t-tests
or chi-square tests, depending on the scales of measurement. Response was defined as
a decrease in the HDRS total score of at least 50% from pre- to post-rTMS and remission
as a HDRS score at the end of treatment below 11 points. As measures for effect size, we
used Cohen’s d for the relative and absolute change in the HDRS total score as indicated
by G*Power 3.1.9.2 [29]. As sample sizes were different, we repeated the t-tests non-
parametrically with Mann–Whitney U tests and could replicate the findings in Table 1.
To rule out the possibility that age findings are independent of arbitrarily dividing the
sample into two groups, we analyzed the influence of age on relative and absolute change
in depression with correlations using Pearson and Spearman coefficients.

As the sample is highly heterogeneous with respect to the treatment protocols, we
repeated the analyses with a homogeneous sample of 381 patients receiving 2000 pulses at
20 Hz over the left prefrontal cortex. The results are exactly the same.



J. Clin. Med. 2023, 12, 4748 4 of 9

Table 1. Characteristics of patients with depression.

<60 Years (n = 427) ≥60 Years (n = 78) Statistics for Group Contrasts

age (years) 43 ± 11 66 ± 5 T = 18.532; df = 503; p < 0.001

sex (female/male) 222/205
(52% female) 51/27 (65% female) χ2 = 4.764; df = 1; p = 0.029

resting motor threshold 43 ± 10 41 ± 9 T = 1.591; df = 500; p = 0.112

stimulation intensity 45 ± 8 45 ± 9 T = 0.557; df = 503; p = 0.578

number of pulses per session 1886 ± 395 1859 ± 450 T = 0.538; df = 503; p = 0.591

number of sessions per
patient/treatment 18 ± 7 15 ± 6 T = 1.098; df = 503; p = 0.273

diagnosis (unipolar/bipolar) 389/38 70/8 χ2 = 0.147; df = 1; p = 0.702

HDRS-21 baseline 22 ± 7 21 ± 6 T = 0.705; df = 503; p = 0.481

HDRS-21 absolute change
(from pre to post treatment) 7 ± 8 7 ± 7 T = 0.124; df = 503; p = 0.902; d = 0.016

HDRS-21 relative change (%;
from pre to post treatment) 30 ± 37 32 ± 33 T = 0.445; df = 503; p = 0.657; d = 0.057

response rate [yes/no]
(relative frequency of

responders)

128/299
(30%)

26/52
(33%) χ2 = 0.351; df = 1; p = 0.554

remission rate (yes/no) 153/274
(36%)

28/50
(36%) χ2 < 0.001; df = 1; p = 0.991

3. Results

Groups did not differ significantly with respect to depression type (unipolar or bipolar),
depression severity, or treatment parameters, but for age (obviously) and sex (Table 1). In
the group of elderly patients, a higher proportion of females was present. Overall, patients
showed an amelioration of symptoms as indicated by a significant decrease in the HDRS-21
sum score (T = 20.582; df = 504; p < 0.001; d = 0.916, Table 1). Both groups did not differ
significantly with respect to treatment efficacy, as indicated by the absolute and relative
changes in the HDRS-21 sum score. The effect sizes for group contrasts were negligible.
Also, response and remission rates based on the HDRS-21 sum score were not significantly
different (Table 1). Correlation analyses also did not show a significant association between
changes in depression and age (all r-values below 0.014).

Table 2 indicates the frequency of medication taken. A statistical analysis of the intake
of tetracyclic antidepressants could not be performed due to low overall numbers. Elderly
patients tended to take higher numbers of mood stabilizers (tending towards significance).
Taking into account sex and intake of mood stabilizers by analysis of covariance again
showed no significant group difference for the absolute (F = 0.013; df = 1.430; p = 0.908) and
relative (F = 0.042; df = 1.430; p = 0.837) change of HDRS-21.

On a HDRS single item level, patients over 60 showed a significantly (p = 0.009)
superior reduction for the item “appetite” and a superior reduction tending towards
significance (p = 0.068) for the item “work and interests” (Figure 1 and Table 3).
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Table 2. Medication intake.

<60 Years (n = 366) ≥60 Years (n = 68) Statistics for Group
Contrasts (df = 1)

selective serotonin reuptake
inhibitors 117 (32%) 23 (34%) χ2 = 0.090; p = 0.764

serotonin-norepinephrine
reuptake inhibitors 185 (51%) 37 (55%) χ2 = 0.343; p = 0.558

tricyclic antidepressants 111 (30%) 15 (22%) χ2 = 1.903; p = 0.168

tetracyclic antidepressants 0 (0%) 2 (3%) not interpretable

monoamine oxidase inhibitors 11 (3%) 2 (3%) χ2 = 0.001; p = 0.977

benzodiazepines 115 (31%) 22 (32%) χ2 = 0.023; p = 0.879

z-drugs 41 (11%) 6 (9%) χ2 = 0.336; p = 0.562

mood stabilizers 122 (33%) 31 (46%) χ2 = 3.773; p = 0.052

antipsychotics 228 (62%) 48 (71%) χ2 = 1.704; p = 0.192

other antidepressants 148 (40%) 32 (47%) χ2 = 1.036; p = 0.309

The number in each cell indicates how many patients in the respective diagnostic group were taking medications
of the indicated classification. Please note that for 71 out of 505 patients, no valid medication information was
available.
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Figure 1. Total reduction of HDRS single-item severity after rTMS treatment. The x-axis represents
the number of HDRS single items (see Table 3 for item descriptions). y-Axis represents the value of
the total reduction in HDRS score for the corresponding single item. * represents a p-value < 0.05.
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Table 3. Total reduction of HDRS single-item level severity after rTMS treatment (see Figure 1).

Single Item Total Reduction in Patients
<60 Years (n = 427)

Total Reduction in Patients
≥60 Years (n = 78) Statistics

1—Depressed mood 0.8 0.9 p = 0.839, d = 0.019

2—Feelings of guilt 0.4 0.4 p = 0.788, d = 0.037

3—Suicide 0.4 0.6 p = 0.216, d = 0.175

4—Initial insomnia 0.3 0.3 p = 0.660, d = 0.061

5—Insomnia during the night 0.2 0.2 p = 0.761, d = 0.043

6—Delayed insomnia 0.2 0.4 p = 0.364, d = 0.127

7—Work and interests 0.6 1.0 p = 0.068, d = 0.256

8—Retardation 0.3 0.3 p = 0.828, d = 0.030

9—Agitation 0.3 0.4 p = 0.676, d = 0.058

10—Psychiatric anxiety 0.7 0.5 p = 0.506, d = 0.093

11—Somatic anxiety 0.4 0.4 p = 0.963, d = 0.007

12—Appetite 0.2 0.4 p = 0.009, d = 0.365

13—General somatic
symptoms 0.3 0.3 p = 0.608, d = 0.072

14—Genital symptoms 0.3 0.3 p = 0.640, d = 0.072

15—Hypochondriasis 0.2 0.1 p = 0.813, d = 0.033

16—Weight loss 0.2 0.3 p = 0.357, d = 0.128

17—Illness insight 0 0.1 p = 0.104, d = 0.232

18a—Diurnal variation
“when” 0 0 p = 0.924, d = 0.013

18b—Diurnal variation
“severity” 0.2 0.1 p = 0.553, d = 0.085

19—Depersonalization 0.3 0.1 p = 0.160, d = 0.196

20—Paranoid symptoms 0.2 0.1 p = 0.147, d = 0.202

21—Obsessive symptoms 0.1 0 p = 0.312, d = 0.142

4. Discussion

Our retrospective analysis of 505 patients showed a similar decrease in symptoms of
depression for patients over 60 as well as for those below. Response and remission rates
were around 30%.

Groups did not differ significantly in baseline characteristics, with the exception of a
significantly higher proportion of female patients in the elderly group (65% in the older
versus 52% in the younger age group). While depression is often cited to be more common
in women [30], this finding might not hold true over the total life span, and a large review
of transcultural international studies found older women to score higher on measures
of depressive symptoms than men and to have higher rates of a diagnosis of unipolar
depression in the majority of studies [31].

We lack a definite explanation for the balanced sex ratio in the younger group and
female dominance in the elderly group in our sample, but we suggest it could be that men
in the elderly group are more reluctant to seek psychiatric treatment for depression due to
sociocultural reasons.

We currently lack a satisfactory causal explanation for the higher use of mood stabi-
lizers in the elder group, which tends towards statistical significance. Differences in the
prescription rate of mood stabilizers might suggest differences in the grade of treatment
resistance to antidepressant medication and thus distort results. However, many confound-
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ing factors may be at play, contributing to the slightly higher use in the elderly patients
that cannot be adequately controlled for in our study design.

On a single-item level, the group above 60 years showed a significantly superior
reduction for the item concerning appetite and a superior reduction nearing statistical
significance for the item concerning work and interests. This may point to an underlying
biological difference in the nature of depression between older and younger patients; how-
ever, from our study design, we cannot exclude that this is a general effect of antidepressive
treatment instead of a specific rTMS effect.

Taking into account the association between rTMS and centrally acting drugs, it is
worth mentioning that a study conducted in 2021 concluded that the use of Lithium,
Lamotrigine, and Valproic acid had no influence on the effectiveness of rTMS treatment
outcomes [24]. Another study that investigated lorazepam concluded that the use of
lorazepam significantly reduces the effectiveness and response rate of rTMS treatment in
patients with depression [25].

Limitations of our study include the retrospective nature of the study, the heterogeneity
of treatment protocols, the lack of information on the grade of treatment resistance, and
the exact medication dosages. Another limitation is the presence of pharmacological and
standard-of-care psychiatric and psychotherapeutic co-therapy.

However, as shown in Table 2, we can state that both groups did not differ significantly
in baseline medication intake apart from mood stabilizers, and the standard care offered to
patients is comparable due to the uniformity of the cohort from one center.

We also still have limited data on the very old. With a mean age of 66 years in the
elderly group, our sample had a higher mean age than the meta-analyses cited in the
introduction. However, our oldest patient was also only 71 years old, highlighting the need
for studies concerning effectiveness and safety in even older patients. The line drawn at 60
to divide the two patient groups is, of course, rather arbitrary, and as patients grow even
older and somatic comorbidities and cognitive decline increase, non-pharmacological and
non-psychotherapeutic interventions might become even more important.

The main strength of our study is the very large sample size and direct comparison
with the younger age group in a relatively uniform setting utilizing the same setting and
treatment protocols and modalities.

Our direct comparison also indicates that the surface-based heuristics used in clinical
practice to define treatment intensity (as measured by percentage of resting motor thresh-
old) and to identify the DLPFC yield desired clinical results in elderly patients, despite
theoretical concerns about brain anatomy altered by atrophy.

At least from our data, there seems to be no reason to utilize neuronavigation due
to concerns for brain atrophy and the subsequent risk of incorrect coil placement with
alteration of frontal anatomy, as suggested by some authors [17]. A recent prospective study
has shown no difference between neuronavigated and conventional treatment, but patients
were much younger, with a mean age in their forties [32]. In addition, our treatment
intensities did not nearly reach the 120% of MT suggested by some authors to account for
brain atrophy with increased scalp-to-cortex distance [10].

Our results are in line with the large meta-analysis by Valiengo et al., in which rTMS
has shown effectiveness in older adults and no major difference in comparison with the
younger group [20]. Taken together, the results and the literature support offering rTMS
for depression to elderly patients, utilizing the same protocols as in younger patients.

5. Conclusions

Taken together, the results support the use of rTMS as an antidepressive treatment in
older adults. A loss of appetite is ameliorated by antidepressive treatment in a superior
manner in patients over 60 when compared to their counterparts. A further investigation
would be of interest to determine whether this is an rTMS or a general antidepressive effect.
Further studies are warranted, with special interest in the treatment of even older patients,
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as well as prospective studies of neuronavigated treatment in this patient group to examine
whether effectiveness can be increased further.
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