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Background: Late life depression (LLD) refers to major depressive disorder (MDD) in adults over 65 years. LLD is
associated with high morbidity and poor treatment outcomes. Transcranial direct current stimulation (tDCS) is a
novel treatment for MDD. Efficacy in LLD though is unclear. Our aim was to investigate tDCS efficacy by pooling
randomised controlled trials (RCT) in an individual participant data meta-analysis.

Methods: Databases were searched for sham controlled RCTs of tDCS in MDD and bipolar depression. Individual
participant data (IPD) were requested. Primary outcome was change in depressive symptoms. Bayesian multi-
level modelling meta-analysis was conducted with individual participants nested within studies.

Results: 6 RCTs were eligible, consisting of 43 participants (22 women), mean age 69.2 years. Active anodal tDCS
over left dorsolateral prefrontal cortex (n = 19) was associated with an improvement in depressive severity,
effect size 0.14 (95% credible interval [-0.44;0.15]) as compared to sham tDCS, which was not statistically
significant. There was an 82% probability that tDCS treatment has a modest but non-null effect in improving
depressive symptoms. Acceptability was high with no significant differences in discontinuation rates between
active and sham groups.

Limitations: The total sample size was small, limiting power.

Discussion: In LLD, tDCS demonstrates a modest but non-null effect in improving depressive symptoms.
Acceptability was high as measured by discontinuation rates. tDCS is a potential novel treatment option in LLD,
though large scale RCTs in LLD are required to investigate this important clinical application.

1. Introduction changes (Alexopoulos, 2019). The most common treatments are anti-

depressant medication and psychotherapy. Psychotherapy has demon-

Late life depression (LLD) refers to major depressive disorder (MDD)
in adults 65 years or older (Lebowitz et al., 1997). LLD is typically
associated with comorbid neurological, medical and psychiatric disor-
ders and shows a poorer clinical response relative to younger age groups
(Tham et al., 2016). Aetiological mechanisms in LLD are multiple and
complex, involving age- and disease-related processes, including
immunological dysregulation, genetic liability and cerebrovascular

strated efficacy in LLD with comparable effect sizes to antidepressants
(Cuijpers et al., 2006; Huang et al., 2015). However, antidepressant
adherence rates are low in LLD, in which 11-21% do not start treatment
and 33-38% discontinue treatment early (Holvast et al., 2019). Anti-
depressants are also associated with increased rates of adverse effects,
including anticholinergic effects, such as diarrhoea, nausea, and dizzi-
ness, and might be contraindicated with other medications taken in this
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age group (Krause et al., 2019).

Transcranial direct current stimulation (tDCS) is a novel treatment
for MDD (Woodham et al., 2021). tDCS applies a weak electrical current
which modulates cortical tissue excitability, facilitating neuronal de-
polarization and leading to polarity-dependent neuroplasticity. The ef-
fect can extend beyond the site of stimulation to deeper brain structures,
including anterior cingulate and amygdala, and is associated with
changes in resting state networks (Palm et al, 2016). tDCS has
demonstrated efficacy and acceptability in MDD with a course of active
tDCS treatment is associated with a fourfold increased rate of clinical
response (OR = 4.32, 95% CI [2.02; 9.29]) and a threefold increased rate
of clinical remission (OR = 3.07, 95% CI [1.58; 5.99]) as compared to
sham tDCS (Mutz et al., 2018). While age has not been found to have an
impact on treatment effect (Razza et al., 2020), these meta-analyses had
examined aggregate data. An individual participant data (IPD)
meta-analysis synthesizes the raw individual-level data from each study,
which can improve quality and reliability statistically as well as clini-
cally, and is considered the gold standard for meta-analyses (Riley et al.,
2010).

We sought to investigate efficacy and acceptability of tDCS treatment
in LLD in an individual participant data meta-analysis. We examined
sham-controlled RCTs of tDCS in MDD and bipolar depression and
approached authors to contribute their trial data in adults aged 65 years
and over.

2. Methods
2.1. Registration

The protocol was registered with PROSPERO (No:
CRD42019137488) and is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (Supple-
mentary Figure S1).

2.2. Eligibility criteria

A systematic literature search was conducted using PsycINFO
(EBSCO), MEDLINE (PubMed) and PsychSource (EBSCO) databases
from the first available date to 20 October 2021, key words: ((“bipolar
disorder” OR “bipolar depression” OR “major depression” OR “unipolar
depression” OR “unipolar disorder”) AND (“transcranial direct current
stimulation” OR “tDCS™)). References of reviews and included papers
were checked for additional publications.

Inclusion criteria: (i) adults aged 65 years or older; (ii) current major
depressive episode with diagnosis of MDD or bipolar disorder according
to DSM or ICD criteria; (iii) sham-controlled tDCS RCT; (iv) clinician-
administered depressive symptom rating scale, e.g., Hamilton Depres-
sion Rating Scale (HDRS) or Montgomery-Asberg Depression Rating
Scale (MADRS); (v) being published in English. Exclusion criteria: (i)
primary diagnosis other than MDD or bipolar disorder e.g., postpartum
depression, psychotic depression, or secondary to a medical illness; (ii)
co-initiation of any other form of treatment e.g., pharmacotherapy or
cognitive control training.

2.3. Study selection and data extraction

Abstracts were independently assessed (KJ, RR), and differences
were resolved by consensus with review (CF). Study level data were
extracted, and authors were contacted for non-identifiable IPD and any
information not available from the publication. Data consistency and
completeness were checked (RR) and reviewed (CF).

2.4. Risk of bias assessment in individual studies

Methodological quality was assessed using Cochrane risk of bias tool
(Higgins et al., 2021), which evaluates on basis of selection,
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performance, detection, attrition and reporting biases (Supplementary
Figures . §2-3).

2.5. Specification of outcomes

Outcome measures were: (1) continuous measure of depressive
symptoms, estimated as difference in z-scaled mood scored from base-
line to study end; (2) categorical measure of clinical response, defined as
a 50% or greater improvement in depressive symptoms from baseline to
study end; (3) categorical measure of clinical remission, defined as
MADRS <10, 17-item HDRS <7, 21-item HDRS <8, 24-item HDRS <9 at
study end (Keller, 2003); (4) acceptability, defined as number of par-
ticipants who did not complete either active or sham tDCS treatment
arms.

For studies which had used two or more depression rating scales, the
scale used as the primary outcome was selected (Loo et al., 2010, Bru-
noni et al., 2013; Brunoni et al., 2017) (Supplementary Table S1). For
studies with multiple treatment arms, only active and sham tDCS
treatments arms were included. For studies with a crossover design, only
the first phase parallel between-participants data were used.

2.6. Data analysis

A one-stage IPD Bayesian hierarchical model was conducted as the
primary analysis. Hierarchical meta-analysis allows for modelling of
individual-level covariates (age, sex, illness duration) and their potential
interaction with treatment effects, while accounting for clustering of
individual patients within a study (Higgins et al., 2021). One-stage
Bayesian methods are recommended for meta-analysis of small trials
with few participants and when heterogeneity is expected across trials,
as uncertainty in estimates can be fully incorporated in the modelling
(Lunn et al., 2013).

Individual study data sets were combined into a merged data set,
with participants nested within studies. As studies used different rating
scales (2 HDRS versions and MADRS), depressive severity scores were
standardised across studies by transforming them into z-scores. For
variables of interest, 4 participants had missing follow-up mood
outcome, and 1 participant had missing disease duration. To maintain
the intention-to-treat nature of the analysis, we assumed data were
missing at random, and we imputed missing disease duration and
depression scores at follow-up using a well-established multivariate
imputation algorithm (van Buuren and Groothuis-Oudshoorn, 2011),
resulting in multiple (n = 200) datasets with imputed missing values.

Mixed effects models with random trial-specific intercepts, treatment
effects and co-variates were fitted to these data sets, with results com-
bined into an average fitted model (Biirkner, 2017). Trial-specific
treatment effects were assumed to follow a normal distribution, with
the mean of this distribution representing pooled population-averaged
treatment effect. We used weakly informative prior distributions so in-
formation in the dataset would be reflected in final posterior distribu-
tions. In particular, we used a weakly informative normal distribution
(centred at zero and with a standard deviation of 1) as prior distribution
of pooled treatment effect estimate, and similarly weakly informative
half-Cauchy prior (scale parameter of 0.5) was used for between study
variability. We used a Markov chain Monte Carlo algorithm to draw
samples from the posterior distribution of parameters of interest
(Biirkner, 2017).

Bayesian IPD meta-analysis was used to predict final depressive
severity score with adjustment for baseline score, age and sex. Addi-
tional analyses explored effect of disease duration and presence of
treatment-resistant depression, defined by having persistent depressive
episode following at least 2 adequate treatment trials, and duration of
illness. We considered fitting additional logistic regression models to
predict planned categorical outcomes of treatment response and
remission, however this was not possible due to the very limited number
of participants with these outcomes (n = 6 clinical response; n = 3
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Table 1
Clinical and demographic characteristics.
Average Loo (2010) Loo (2012) Palm (2012) Brunoni (2013) Brunoni (2017) Loo (2017)

Total sample size 43 (22) 1(0) 5(2) 7 (5) 4(2) 73) 19 (10)
Age (yrs) 69.3 (4.22) 65.0 70.2 (5.17) 70.0 (4.83) 65.0 (0.00) 68.3 (3.45) 70.4 (4.29)
Age range 65-81 65 65-78 65-79 65 65-73 65-81
Education (yrs) 16.72 (3.57) NR NR NR NR 14.3 (3.62) 18.0 (2.89)
Unipolar depression 33 1 4 7 4 6 11
Medication (n) 15 0 1 7 0 2 5
Duration of illness (months) 145.33 (151.48) 6.00 64.00 (81.28) 219.40 (110.57) 11.00 (9.42) 87.17 (169.68) 213.89 (166.00)
Treatment resistant depression (TRD) 27 0 1 7 0 3 16

Number of participants is presented with number of female participants in parenthesis. Mean values are presented for each variable with standard deviation in
parenthesis. As there was one participant from Loo et al. (2010), there is no standard deviation for age and no age range.

Brunoni et al., 2017 |
Looetal.,, 2012 |

Loo et al., 2017 |
Palm et al., 2012 |

Treatment Effect — tDCS —
Age (y) 4
Sex (Male) —~—

| B S B B RN BN BN B B |
-05-04-03-02-01 0 01 02 03 04 05
SMD

Fig. 1. Standardised mean difference of depressive scores are presented for
each study, with negative scores indicating a benefit from treatment and
favouring active tDCS relative to sham tDCS.

remission).

Posterior distributions obtained from Bayesian model fitting allow
for direct probability statements, and we report the probability of a
beneficial treatment effect of tDCS, along with point estimates and 95%
credible intervals for parameters of interest. Sensitivity analysis on
average pooled tDCS treatment effect, as main parameter of interest, was
conducted using a two-step approach with trial-level estimates of
treatment effect estimated and pooled in a second level frequentist meta-
analysis, and last observation carried forward instead of imputation of
missing values (Viechtbauer, 2010). All analyses were conducted using
R (R Core Team, 2018).

3. Results

Total of 4336 records were assessed, and 9 studies met inclusion and
exclusion criteria. Present analysis consists of 6 studies, 43 participants
(22 women) (mean age 69.3 +4.2 years, range 65-81 years), mean
illness duration 145.33 + 151.48 months, from total sample of 617
participants (Loo et al., 2010; Loo et al., 2012; Palm et al., 2012; Bru-
noni et al., 2013; Brunoni et al., 2017; Loo et al., 2018) (Supplementary
Figure S1). Majority had unipolar depression 76.7% (n = 33), and 62.7%
met criteria for treatment resistant depression (n = 27) (Table 1, Sup-
plementary Table S1). There were no significant differences in de-
mographics between tDCS (n = 19) and sham control (n = 24) treatment

groups. There were no cases of treatment-emergent mania. Risk of bias
was low for all studies (Supplementary Figures S2-S3). Authors from
remaining studies had not replied to requests or were unable to share
individual participant data.

Using Bayesian multilevel modelling for IPD meta-analysis, treat-
ment with tDCS was associated with a reduction of SMD = -0.14 (95%
credible interval [-0.44; 0.15]) in depression scores, relative to sham
tDCS, which was not statistically significant.

Based on estimated posterior distribution of the average effect of
tDCS across the studies, there is an 82% probability that tDCS treatment
has at least a small effect (change in symptoms score < 0) in improving
depressive symptoms in LLD. There was no evidence of significant main
effects of age (change per year in SMD = 0.00 95% credible interval
[-0.02;0.02]), sex (male sex SMD = -0.09 95% credible interval
[-0.27;0.10]), or their interactions with treatment, though samples sizes
were small. There was no evidence of significant main effect of treat-
ment resistance or illness duration. Sensitivity analysis using a two-step
IPD frequentist meta-analysis with last observation carried-forward
showed similar results, with tDCS treatment associated with a reduc-
tion of -0.12 (95% confidence interval [-0.34; 0.12]) (Fig. 1).

Most participants completed treatment (n = 39; 90.7%). Discontin-
uation rates were 15.8% (3/19) for active tDCS and 4.2% (1/24) for
sham tDCS, which was not statistically significant (OR = 4.3, 95% CI
0.41- 45.28, p = 0.31).

4. Discussion

The present IPD meta-analysis demonstrates a modest but non-null
effect for tDCS improving depressive symptoms in LLD. While the ef-
fect was low and did not reach statistical significance in the present IPD
sample, the sample size was small, and many participants had a more
treatment resistant form of depression. As tolerability and acceptability
are significant limitations of current treatments in LLD, tDCS offers a
potential novel treatment option. tDCS efficacy has shown an overall
effect size that is low to moderate across all ages (Mutz et al., 2018;
Moffa et al., 2020; Zhang et al., 2021), and full efficacy might become
evident over a longer term, from 3 - 6 months (Brunoni et al., 2017). In
the present analysis, outcomes were assessed immediately following the
treatment period, which consisted of 5-22 sessions (Loo et al., 2010;
Loo et al., 2012; Palm et al., 2012; Brunoni et al., 2013; Brunoni et al.,
2017; Loo et al., 2018), and it is possible that improved outcomes might
been seen with a longer follow up. Moreover, dose has been identified as
a significant and independent predictor (Brunoni et al., 2016). We also
considered that treatment resistant depression might contribute to ef-
ficacy, although this was underpowered in the present sample (Moffa
et al., 2020).

A limitation of this meta-analysis is the small sample size, which
limited power to detect an effect. IPD were collated from large RCTs of
all ages, but there has not yet been a large scale RCT in LLD. There is
emerging evidence for tDCS as an adjunct treatment in hard-to-treat
vascular LLD and using novel montages such as high definition-tDCS
in LLD (Wong et al., 2019; Zanardi et al., 2020).
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In summary, the present IPD meta-analysis demonstrates that tDCS
has a modest but non-null effect in improving depressive symptoms in
LLD. However, the sample was small, and large-scale RCTs are required
to investigate efficacy of tDCS in LLD. Acknowledging these shortcom-
ings and the modest statistical effects, the findings provide support for
further investigation into the efficacy of tDCS as a treatment for LLD and
vascular depression.
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