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Abstract

Background.Conventional treatment methods have limited effectiveness in addressing late-life
depression (LLD) that does not respond well. While a new approach called priming repetitive
transcranial magnetic stimulation (rTMS) has shown promise in treating depression in adults,
its effectiveness in LLD has not been explored. This study aimed to investigate the impact of
priming rTMS on LLD.
Methods. This study investigated the effectiveness of priming rTMS in 31 patients with LLD
who did not improve after an adequate trial of antidepressants. Patients were randomly assigned
to receive either active priming rTMS or sham priming rTMS. Active priming rTMS was
delivered over the right dorsolateral prefrontal cortex for 10 sessions, lasting 31 minutes each,
over a period of 2 weeks.
Results. The group receiving active priming rTMS demonstrated greater improvements in
scores on theHamilton Rating Scale forDepression (p < 0.037; partial η2 0.141) and theGeriatric
Depression Rating Scale (p < 0.045; partial η2 0.131) compared to the sham priming group, with
amild effect size. At the end of the second and fourth weeks, the priming rTMS group achieved a
response rate of 50%, while the sham priming group had response rates of 26.7% and 6.7%,
respectively. No adverse effects requiring intervention were observed.
Conclusion. Priming rTMS is well-tolerated for the treatment of LLD and not only reduces the
severity of depression but also maintains the achieved response over time.

Introduction

The prevalence of depressive symptoms among older adults residing in the community ranges
from 8% to 16%, withmajor depression in the range of 1% to 4%.1-3 Depression accelerates brain
aging, predisposes to medical illnesses, and increases the risk of obesity, frailty, cognitive
impairment, and mortality.4 Despite being a common mental disorder, up to 50 to 60% of
patients do not respond adequately to antidepressant treatment in the general population,5 and it
gets even more challenging in older adults.6 Prevalence of treatment resistance is higher in late-
life depression (LLD) compared to major depression in the adult population,6 possibly due to
higher medical comorbidity, structural brain changes such as white matter hyperintensity and
reduced receptors, and pharmacokinetic variability of the medications.7-9 Although electrocon-
vulsive therapy (ECT) is an effective and generally well-tolerated treatment option, vascular risk
factors, medical comorbidities, risks related to anesthesia, and concern for cognitive side effects
have been the limiting factors in older patients.10 High prevalence of treatment resistance and
limited alternate options for LLD highlight the need for novel therapies to overcome therapeutic
nihilism. Transcranial magnetic stimulation (TMS) is a newer yet approved treatment option for
treatment-resistant depression in the adult population.

The number of studies on the use of TMS in LLD is few, as compared to its use in adult
depressed patients, and the results are inconclusive. High frequency (10 Hz) repetitive tran-
scranial magnetic stimulation (rTMS) over the left dorsolateral prefrontal cortex (DLPFC) is the
approved treatment protocol for depression in adults.Most available studies on TMS in LLD also
have utilized high-frequency rTMS (HF rTMS) but have yielded mixed results.11-13 Recent trials
have focused on bilateral and accelerated protocols in LLD. A recent study which compared HF
rTMS with bilateral rTMS combining HF rTMS over left DLPFC with low-frequency rTMS
(LF rTMS) over right DLPFC in LLD found better efficacy with bilateral rTMS when compared
to HF rTMS alone.14 Similarly, another study examined the effect of bilateral deep TMS and
found higher remission rates when compared to sham. However, study has also reported the
poor tolerability of H1 coil which was used initially for left DLPFC stimulation.15
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There is a higher risk of side effects with HF rTMS, especially in
those with past history of cerebrovascular stroke or an existing
electrolyte imbalance, as both these conditions can increase the
likelihood of seizures.16 LF rTMS has a comparative low risk for
seizure and is generally better tolerated, but has less evidence of
efficacy.17 Apart from the combination or sequential bilateral rTMS,
priming is another novel paradigmwhich can be used to enhance the
effectiveness of LF rTMSwhile retaining its better tolerability. Prim-
ing is a pre-treatment stimulation, which involves a period of high-
frequency stimulation at low intensity, preceding the low-frequency
stimulation so as to enhance the neural response.18 Brief pre-
treatment with stimulation in the 5–6 Hz range greatly increases
the ability of subsequent 1 Hz stimulation to produce a decrease in
synaptic efficacy.19,20 Importantly, the priming stimulation can be so
brief or mild that it has no detectable effects of its own on synaptic
transmission. Priming in rTMShas previously beenused successfully
in other clinical conditions like chronic tinnitus, stroke rehabilita-
tion, and verbal auditory hallucinations, as well as in adult depressed
patients.21,22 Previously it has also been found to be equally effica-
cious as bilateral rTMS in adult patients with depression.23However,
till date, no study has been published on the effect of priming rTMS
in patients with LLD. So, this study was designed with the aim to
assess the effect of priming on adjunctive LF (1 Hz) rTMS over right
DLPFC in the treatment of LLD.

Material and methods

Study design

This single-blind, pilot randomized sham-controlled study was
approved by the Institutional Ethics Committee (101st/ECM IIB
Thesis/P2) and was registered prospectively with the Clinical Trial
Registry of India, CTRI/2020/08/027230, dated 19/08/2020. The
detailed protocol of this study has been published elsewhere.24 As a
time-bound pilot study conducted during the unprecedented
COVID-19 pandemic, we have enrolled 31 patients after taking
written informed consent between January 2021 and January 2022.

Study population

Participants includedwere patients suffering fromdepressive episode
or recurrent depressive disorder, moderate (F32.1/F33.1) or severe
without psychotic symptoms (F32.2/F33.2) as per International Clas-
sification of Diseases-10th edition (ICD-10) diagnostic criteria for
research (DCR). The operational definition for treatment resistance
was taken as an adequate dose of at least one antidepressant for
6 weeks ormore andwho continue to haveHamilton Rating Scale for
Depression-17 (HAMD-17)25 score of 15 and above, which is
adapted with modification from Thase and Rush staging.26 Consid-
ering the poor/partial response as less than 25% reduction onHAMD
score from baseline andminimum cut-off score formoderate depres-
sion as 20 inHAMD17,25we have includedonly thosepatientswhose
HAMD score was 15 and more even after at least 6 weeks of
antidepressant treatment.5 Age range of patients included was from
50 to 79 years which is similar to the criteria adopted by the recent
meta-analysis on TMS in LLD.27 Patients with any comorbid alcohol
or other substance dependence (except for nicotine and caffeine)
according to ICD-10 DCR and any comorbid severe medical or
surgical illness were excluded from the study. Those patients who
had any contraindication for rTMS were also excluded after applying
a standard screening questionnaire for rTMS patients.16 These
patients did neither receive ECT nor any psychological interventions

6 weeks before the study enrolment. Patients were continued on
stable dose of antidepressant(s) throughout the study period.

Process of randomization

Thirty-one patients fulfilling predefined inclusion and exclusion
criteria were enrolled into the study. Details have been tabulated in
the CONSORT diagram (Figure 1). Patients were randomized into
2 groups, that is, Active Priming rTMS (G1) and Sham Priming
rTMS (G2) using block randomization technique with block size of
4, using freely available software, www.sealedenvelope.com.
Patients remained blinded about the group allocation.

Study procedure and intervention

At baseline, all the patients were assessed using the HAMD-17 and
Geriatric Depression Rating Scale (GDS).28 Resting Motor Thresh-
old (RMT) was assessed using right thumb movement visualization
technique.29 Then the patients in active priming group (G1) received
priming stimulation, that is, 6 Hz rTMS over right DLPFC at 80%
RMT for 10 minutes (600 stimulations; 20 trains of 5 seconds each)
followed by 1 Hz rTMS over right DLPFC at 100% RMT for
21 minutes (1200 stimulations; 60 pulses, 20 trains with 5 seconds
intertrain interval). Patients with sham priming rTMS group
(G2) received 100% RMT, 1 Hz rTMS for a total of 21 minutes
similar to G1 preceded by 10 minutes of sham stimulation using
commercially available sham coil simulating the active rTMS coil.
Both the groups received a total of 10 daily sessions, over 2 weeks.
rTMS side effect scale30 was applied after every session of rTMS.

Outcome measures

Change in the total scores of symptom severity scales from baseline
to week 1, 2, and week 4 between the two groups are the primary
outcomemeasures to achieve the objective of the study. Depression
symptom severity scale HAMD 17 is used along with GDS in this
study as the latter one being a scale which is specifically designed
for geriatric population.28 To see the efficacy of intervention in two
groups response rate (defined as 50% reduction in HAMD score
from baseline)31 and remission rates defined as HAMD
Score ≤ 1032,33 were also calculated. This is being done as in
geriatric depression, the first occurrence of achieving a score of
HAMD≤10 has been proposed as definition of remission.32

Statistical analysis

The data was analyzed using the computer software program,
statistical package for social sciences (SPSS) with an intention to
treat (ITT) design and last observation carried forward (LOCF)
approach. Description of sample characteristics was done with
descriptive statistics: percentage, mean, and standard deviation.
Baseline sociodemographic and clinical characteristics were com-
pared between the groups with independent t-test and chi-square
test. As repeated measures Analysis of Variance (ANOVA) was
used to measure within-group and between-group interaction,
normality of distribution was assessed, Mauchly’s test of sphericity
was done, followed by greenhouse Geiser correction as applicable.
To test the effect size partial η2 was calculated and a value of 0.2–0.5
was assumed as moderate and < 0.2 as mild effect size. Chi-square
test was used to compare the response and remission rates between
the groups. The level of significance was taken as <0.05.
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Results

The sociodemographic and clinical profile of both the groups were
comparable with no significant difference as shown in Table 1. The
treatment profile for the current episode of the patient population
also did not differ significantly. The groups were similar in terms of
the number of antidepressants trial, number of current antidepres-
sants, or presence of benzodiazepine in the current regime (Table 1).
The class of antidepressants used included selective serotonin reup-
take inhibitor (SSRI), serotonin norepinephrine reuptake inhibitor
(SNRI), noradrenergic and specific serotonergic antidepressant
(NaSSA), tricyclic antidepressant, and atypical antidepressants.

Change in depression severity

Both groups showed statistically significant improvement over time
in all domains (p < 0.001). Table 2 shows group × time interaction at
the 4 points of assessment using repeated measures ANOVA with
treatment as between-group factor and time as within-subject factor.
OnBonferroni test for post hoc comparison for assessing the effect of
treatment over 4 observations, it was found that HAMD score

reduced significantly from baseline to week 1 with mean differ-
ence = 6.06, 95% CI [4.06 to 8.06], p < 0.001, from baseline to week
2 with mean difference = 8.21, 95% CI [5.53 to 10.89], <0.001 and
from baseline to week 4 withmean difference = 6.81, 95%CI [4.48 to
9.14], <0.001. The score of HAMD reduced significantly between
weeks 1 and 2 with mean difference = 2.15, 95% CI [0.75 to 3.56],
p = 0.001, but HAMD score increased significantly between weeks
2 and 4 with mean difference = �1.40, 95% CI [�2.77 to �0.03],
p = 0.043. Similarly, GDS score also reduced significantly from
baseline to weak 1 with mean difference = 5.66, 95% CI [3.27 to
8.05], p < 0.001, frombaseline to week 2 withmean difference = 8.21,
95% CI [5.21 to 11.21], p < 0.001 and from baseline to week 4 with
mean difference = 6.39, 95%CI [3.57 to 9.21], p < 0.001. The score of
GDS reduced significantly between weeks 1 and 2 with mean differ-
ence = 2.55, 95%CI [1.12 to 3.98], p< 0.001, but GDS score increased
significantly between weeks 2 and 4 with mean difference = �1.82,
95% CI [�3.53 to �0.19], p = 0.032 (Figure 2).

Table 3 shows interaction between the two groups with change in
symptom severity scores over time with the group as between-subject
variable. On comparing between groups, HAMD (p < 0.037; partial
η2 = 0.141) and GDS (p < 0.045; partial η2 = 0.131) improved better in

Figure 1. CONSORT flow diagram showing recruitment of the patients.
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active priming group than the sham priming group with mild
effect size.

Response and remission rates

There was a higher rate of response in active priming rTMS group
(50%) after the completion of sessions, that is, at week 2 when
compared to sham priming group (26.7%).When followed up after
2 weeks (at 4 weeks from baseline), response rate was statistically
higher in active priming group (50%) when compared to sham

priming group (6.7%; χ2 = 7.051, df = 1, p < 0.05). Similarly,
remission rate was also found to be higher in active priming group
(68.8%) when compared to sham priming (33.3%). Difference in
the remission rate was found to be statistically significant again at
2 weeks follow-up (at week 4 from baseline) which was 56.3% and
23.3% respectively in active priming and sham priming groups
(χ2 = 6.227, df = 1, p < 0.05).

The number needed to treat (NNT) for response at week 4, as
well as remission in active priming group with 95% confidence
interval (CI) was calculated using https://www.graphpad.com/

Table 2. Effect of Priming rTMS: Change in Symptom Severity Scores Over Time Between Active and Sham Priming Groups

Sl. no. Variable Group

Baselinea Week1b Week2c Week 4d

Mean ± SD Mean ± SD Mean ± SD Mean ± SD F-value p-value Post hoc

1 HAMD-17
Active priming G1 19.75 ± 3.92 12.56 ± 4.91 10.13 ± 4.76 11.06 ± 5.34

57.62 <0.001 (b,c,d) <a, c < b, c < d
Sham Priming G2 18.80 ± 3.51 13.19 ± 4.07 12.00 ± 4.42 13.87 ± 3.68

2 GDS
Active priming G1 21.81 ± 4.26 15.56 ± 5.34 12.13 ± 5.57 13.50 ± 6.03

40.572 <0.001 (b,c,d) <a, c < b, c < d
Sham Priming G2 22.53 ± 4.22 17.47 ± 4.37 15.80 ± 5.51 18.06 ± 5.15

Note. a, baseline; b, Week 1; c, Week 2; d, Week 4.
Abbreviations: GDS, Geriatric Depression Scale; HAMD, Hamilton Rating Scale for Depression.

Table 1. Sociodemographic and Clinical Profile of Patient Population

Sl. No. Variable

Active priming Sham priming

t/χ2/df p-value

G1 (n = 16) G2 (n = 15)

Mean ± SD Mean ± SD

n (%) n (%)

1 Age in years 64.81 ± 6.98 62.80 ± 7.10 0.796/29 0.433

2 Education in years 8.56 ± 5.09 8.47 ± 5.48 0.051/29 0.96

3 Gender Male 11 (68.8%) 9 (60%) 0259a/1 0.716

Female 5 (31.3%) 6 (40%)

4 Age of onset of illness in years 48.38 ± 12.55 49.40 ± 11.21 0.239/29 0.813

5 Duration of illness in months 206.63 ± 134.00 166 ± 114.97 0.326/29 0.383

(in years) (17.22 ± 11.17) (13.83 ± 9.58)

6 Duration of current episode in months 7.88 ± 4.65 11.80 ± 9.11 1.526/29 0.138

7 Number of episodes 3.69 ± 2.06 3.20 ± 1.61 0.731/29 0.471

8 ICD10 diagnosis F33.2 12 (75%) 10 (66.67%) 0.483/2 0.785

F33.1 3 (18.75%) 3 (20%)

F32.2 1 (6.25%) 2 (13.33%)

9 Duration of treatment in months 6.63 ± 3.86 9.93 ± 7.56 1.549/29 0.132

10 Number of antidepressant trials 2.25 ± 0.68 2.60 ± 0.74 1.373/29 0.18

11 Current antidepressant One 9 (56.3%) 9 (60%) 0.045a/1 1

Two 7 (43.8%) 6 (40%)

12 Benzodiazepine Present 12 (75%) 10 (66.7%) 0.261a/1 0.704

(BZD) Absent 4 (25%) 5 (33.3%)

13 Current One antidepressant and BZD Combination 4 (25%) 5 (33.3%) 0.390/3 0.942

Pharmacological Two antidepressants and BZD combination 4 (25%) 4 (26.7%)

Regime One antidepressant and other psycho-tropic combination 5 (31.3%) 4 (26.7%)

Two antidepressant and other psycho-tropic combination 3 (18.8%) 2 (13.3%)

Abbreviations: BZD, benzodiazepine; F32.2, severe depressive episode without psychotic symptoms; F33.1, recurrent depressive disorder, current episodemoderate; F33.2, recurrent depressive
disorder, current episode severe without psychotic symptoms; SD, standard deviation.
aCell count < 5-Fisher exact with yates correction done.
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quickcalcs/ NNT1/, 2022. NNT for response was 3 (CI = 1.4 to 6.3)
and NNT for remission was 3 (CI = 1.4 to 7.6). The number needed
to harm was 27.86, which was calculated with patients who expe-
rienced side effects anytime during the study period.

Side effect profile

Three patients (18.75%) in the active priming group (scalp dis-
comfort = 2, lacrimation = 1) and 4 patients (26.67%) in sham

priming group (scalp discomfort = 2 and 1 each for headache and
sleepiness) reported side effects after the first session. At the end of
5 sessions, only 1 patient in sham priming reported side effect. All
these side effects were mild in intensity, subsided within an hour of
the completion of the treatment, and did not require any medical
intervention. No patient reported any side effects after the com-
pletion of 2 weeks of rTMS protocol as well as in follow-up at week
4, both in active priming and sham priming group.

Discussion

This is a pilot randomized, single-blind, sham-controlled study
done on 31 patients with LLD who had poor/partial response to
antidepressant drug treatment. This is also first-ever study done on
effects of TMS in patients with LLD from Indian subcontinent. The
sociodemographic and clinical profiles of patients in both the
groups were comparable; hence minimizing the confounding fac-
tors. Patients were on stable doses of medications at least 6 weeks
prior to randomization and remained on the same dose throughout
the study period, ensuring the elimination of treatment con-
founders. This step was similar to a recent previous study15 and
has overcome the limitation of few other previous TMS studies.34

Mean HAMD score was 19.75 ± 3.92 in G1 and 18.80 ± 3.51 in
G2which indicatemoderate severity of depression despite being on
standard antidepressant medications. Mean HAMD score was
similar in previous studies which used HAMD-17 version.11,35

Mean GDS score was 21.81 ± 4.26 in G1 and 22.53 ± 4.22 in G2
both of which are in the lower border of severe depression severity.
Only one previous study used GDS along with HAMDwhich had a
similar GDS mean score of 19.7 ± 3.9.36

Effect of active priming rTMS as compared to sham priming
rTMS

Both groups showed statistically significant improvement over time
in all domains. This is in agreementwith themajority of the previous
TMS studies. In the current study sham priming group also had its
therapeutic effect of LF-rTMS as previously proven in the adult
population with major depression.37 However, it can also suggest a
nonspecific effect of participation in the daily rTMS sessions as well
as the daily interaction with the clinician delivering the sessions.
Previous TMS studies which included exclusive sham groups also
have observed nonspecific effects even in treatment-resistant cases of
depression, which are attributed to close clinical surveillance, rigor-
ous monitoring of medication compliance of study participants, and
regular interaction with the clinical personnel.12,15 On post hoc
comparisons, it was evident that the highest reduction in the severity
was at the end of treatment sessions, that is, at week 2. Further,
during follow-up (at week 4 from baseline) there was an increase in
severity scores indicating relapsing symptoms in both groups,
although active priming group performed better compared to sham
priming group. This possibly hints at the need for a greater number
of overall sessions or maintenance sessions.

When it was compared between groups, active priming rTMS
was better than sham priming in terms of reduction in depression
scores namelyHAMDandGDSwithmild effect size. The effect size
was modest (<0.2) when compared to the effect size of 0.36
(CI = 0.13 to 0.6) in the recently published meta-analysis.27 How-
ever, this was the overall effect size and exclusive effect size for
active rTMS was not calculated. Whereas, in our study, the com-
parison group also has therapeutic effects of its ownwhich could be

Figure 2. Comparison of change in depression severity (HAMD and GDS scores)
between active priming rTMS (G1) and sham priming rTMS (G2) groups.

Table 3. Effect of Priming rTMS: Group* Time Interaction with Respect to
Active and Sham Priming Groups with Group as Between-Subject Variables

Sl. no. Group* Time Greenhouse Geiser F p-value
Partial η2

(Effect size)

1 HAM D 4.757 0.037* 0.141

2 GDS 4.368 0.045* 0.131

Abbreviations: GDS, Geriatric Depression Scale; HAMD, Hamilton Rating Scale for Depression.
*p < 0.05.
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the reason for smaller effect size. The addition of an exclusive sham
group could have given a clearer scenario.

Considering the superiority found in the active priming group
with regards to response and remission rates at week 4, NNT was
calculated for both response as well as remission at week 4 in the
active priming group. NNT for response was 3 (CI = 1.4–6.3) and
NNT for remission was also 3 (CI = 1.4–7.6). These values are
similar to the only TMS study in LLD which has previously
calculated NNT15 to achieve remission as 4.0 (95% CI = 2.1–
56.5) and to achieve response as 2.7 (95% CI =1.0–7.52). Consid-
ering the modest sample size, larger RCTs are needed before
generalizing these findings.

Priming mechanism

Priming rTMS is a paradigm which is known to enhance the
inhibitory effect of LF-rTMS at the same time preserving the
favorable safety profile of this protocol.21,23 The current study
examined its effect in patients with LLD and found it to be signif-
icantly beneficial in reducing the depression severity at 2 weeks
with 10 sessions and maintaining the lower scores till the end of
fourth week. Relapse of symptoms after the rTMS sessions end, has
been an issue not only in late life but also in general adult patients
and because of this number of sessions needed also gets increased
ranging from 20–30 daily sessions spreading across 4–6 weeks.38 It
is believed that priming rTMS alters the synaptic efficiencies of
excitatory circuits and such prior history of neuronal activity alters
subsequent long-term depression (LTD)-like plasticity through the
metaplastic interplay with other cortical and subcortical areas.39

This is the main mechanism upon which the current study also
proposes its beneficial effects of priming rTMS in patients with
LLD over sham priming rTMS or just LF-rTMS over right DLPFC.

However, there are certain questions which remain unan-
swered. It is believed that metaplastic effect can allow additional
increments of LTD to be elicited later on, even after the sessions
end.39 Thatmeans the improvement which was observed at the end
of second week should have continued with some intensity further.
But in the current study, no significant improvement was found
after the second week. Yet, the improvement achieved relatively
sustained better in the priming group when compared to the sham
priming group which showed greater deterioration after the end of
sessions as depicted in Figure 2 in the result section. This perhaps
indicates a mechanism of priming acting underneath which
emphasizes the need for exploration of its biological underpinnings
in future studies.

Limitations and future directions

This is a pilot study with modest sample size. Large multicentre
studies with double-blind design are needed to generalize the study
findings. Rater was not blind to the group allocation and so rater
bias could have affected the results. In the absence of a complete
sham group, placebo effect cannot be ruled out. Although patients
were blinded to the group allocation, the effectiveness of blinding
was not assessed. Hence detection bias cannot be ruled out. Follow-
up periodwas short tomake generalizable conclusions on sustained
remission. Longer follow-up studies are needed to see whether the
results obtained are maintained for long term. Stimulation was
performed as adjunctive treatment to the ongoing antidepressant
therapy and participants were on different combinations of psy-
chotropic medications, although on a stable dose. This variation in
medication combinations may have resulted in differences among

the participants and potentially influenced the outcomes. Neuro-
imaging and neurophysiological techniques like fMRI and qEEG
can be used in addition to clinical assessment, to demonstrate
neural patterns associated with clinical improvement.

Conclusion

Based on the results of this single-blind randomized sham-
controlled study, it can be concluded that adjunctive priming rTMS
over right DLPFC seems to have favorable effects in LLD. It was
well-tolerated by patients with LLD and did not cause any adverse
effects requiring medical intervention. Priming rTMS appears to
have a predominant effect not only in the reduction of depressive
symptoms but also in maintaining the durability of response
achieved. Hence, this pilot study opens an avenue for further
investigations to look into the potential therapeutic applications
of priming rTMS in LLD using large-scale double-blind RCTs.
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