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Dear Editor,

Transcranial direct current stimulation (tDCS) applied to the frontal lobe, either in isolation 

or as augmentation to another treatment, has antidepressant properties in depressed adults 

[1]. Pairing tDCS with cognitive training (CT) results in additional benefit [2,3]. This 

combination is thought to enhance cortical activity of the underlying frontal neural 

networks to produce antidepressant effects [4]. However, these studies have primarily 

targeted depressed adults under age 65 years and less is known about this combination of 

interventions in older adults, particularly as the combination may affect milder subthreshold 

depressive symptoms that are both prevalent and associated with negative outcomes [5].

To our knowledge, only one study has investigated tDCS with CT in older adults 

with subthreshold mood symptoms, finding no benefit [6]. However, several study 

parameters may have affected findings, including electrode placement (anode: ~F3, cathode: 

contralateral supraorbital area), duration of tDCS (25-min), nature of CT (working memory 

training), and choice of mood scales (Total Mood Disturbance on POMS-2, daily mood 

question). Thus, we were interested in whether combining bifrontal tDCS with CT 

would improve depressive symptoms in older adults without a clinical diagnosis of major 

depressive disorder. As apathy also increases with age, we explored whether this treatment 
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combination had effects on apathy, as no other studies have investigated these symptoms 

outside of dementia [7]. We are reporting secondary analyses from Ref. [8].

Briefly, 30 adults aged 65–89 years in the parent study were randomized to receive active 

or sham tDCS in combination with CT for 2 weeks (or 10 intervention days). This trial was 

preregistered in clinicaltrials.gov (NCT02137122), reviewed and approved by the University 

of Florida, and participants provided their written informed consent prior to the initiation of 

study procedures. Active tDCS was delivered bifrontally over F3 (cathode) and F4 (anode) 

for 20-min at 2 mA intensity through two 5 × 7 cm2 saline saturated sponge electrodes (10 

ml/sponge) using the Soterix Medical 1 × 1 tDCS clinical trials device (which allowed for 

triple-blinding: participant, interventionist, and investigators). Sham tDCS received identical 

set-up procedures with 2 mA stimulation for 30-sec with 30-sec ramp up and down. An 

8-component multidomain commercially available computerized CT intervention focusing 

on attention/processing speed and working memory from Posit Science’s Brain HQ suite 

(www.brainhq.com) was administered for 40-min daily, with the first 20-min being paired 

with active or sham tDCS. Following completion of the 2-week intervention, a blinding 

questionnaire was given to participants asking: Q1: Which brain stimulation treatment 

condition do you believe you received? (Active, Sham/Placebo, Don’t know/Unsure), Q2: If 

you answered “Don’t know/Unsure” above, can you please provide your best (or random) 

guess of the treatment you received anyway? and Q3: On a scale of 0—10, how confident 

are you that you received (your selection)? Depressive symptoms were assessed with the 

Beck Depression Inventory-II (BDI-II) at baseline and after completion of the 2-week 

intervention.

To allow room for symptom improvement, for these preliminary analyses we only included 

participants with a BDI-II cut-off score of 5 or greater, which is considered in the “minimal” 

range of depression severity. Fifteen non-demented healthy older adults (70.93 ± 5.41 years 

old, 10 females, 16.40 ± 2.32 years education, MoCA = 27.27 ± 2.34) met this cutoff 

(8 sham, 7 active). The tDCS conditions did not significantly differ in age, sex, years of 

education, MoCA scores, or number of completed intervention days (sham: 9.63 ± 0.74, 

active: 9.71 ± 0.49, t(13) = −0.27, p = 0.40). They also did not significantly differ in 

baseline BDI-II scores (sham: 11.38 ± 6.44, active: 7.71 ± 2.93, t(13) = 1.38, p = 0.10). 

There were no differences in sensation ratings/side effects noted before, during, or after 

stimulation between the active vs. sham groups (p’s > 0.05) from the parent sample (as 

reported in Ref. [8]. Likewise, there were no group differences in the parent sample for 

frequency of endorsement for Active, Sham or Unsure categories, nor were there differences 

in confidence ratings for whether participants received Active vs. Sham conditions (all p’s > 

0.05), suggesting that participant blinding was successful.

Results indicated the combination of active (and not sham) tDCS with CT was associated 

with reduced depressive symptoms. Fig. 1 shows the active tDCS group had BDI-II 

reduction of 2.7 points following the intervention, while the sham tDCS group decreased 

1.4 points (ηp2 = 0.18; large effect size). Including covariates (age, sex, education, MoCA 

scores, and number of completed intervention days) in the model further strengthened this 
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discrepancy (active: decrease of 3.7 points; sham: decrease of 0.51 points; ηp2 = 0.37; larger 

effect size).

We conducted similar analyses in the initial sample using the Apathy Scale (AS; cut-off ≥ 9; 

8 sham, 10 active), which was also administered at baseline and post-intervention. The tDCS 

conditions did not differ in baseline AS scores (sham: 11.75 ± 2.38, active: 11.80 ± 1.99, 

t(16) = −0.05, p = 0.48). We did not find differences in apathy symptoms over time for either 

condition, without or with covariate adjustment (see Fig. 1).

While preliminary, these results suggest that the combination of bifrontal active tDCS 

with CT may be a potential method for improving subthreshold depressive (but not 

apathy) symptoms in older adults via targeting prefrontal neural circuitry and promoting 

neuroplasticity of the underlying neural network. While baseline BDI-II scores did not 

significantly differ, the active tDCS group had a lower score than sham, but saw greater 

improvement in BDI-II scores post-intervention despite having less room for change. It 

is more difficult to find effects in those with milder compared to more severe depressive 

symptoms in depression clinical trials; thus, these results are promising. Adequate treatment 

of subthreshold depressive symptoms may prevent or reduce negative outcomes associated 

with depressive symptoms in at-risk older adults, including cognitive dysfunction and 

reduced brain volumes [9], as well as specific health conditions [10]. Larger randomized 

clinical trials are needed to better understand tDCS plus CT antidepressant effects in older 

adults.

Since apathy increases with age, subclinical apathy symptoms may be “normal” and less 

prone to changes with intervention (and it is when these symptoms crossover threshold to 

clinically elevated that we see negative relationships with clinical outcomes). In the current 

study, the range in apathy scores both pre- and post-intervention was restricted (pre: 9 to 

15, post: 7 to 17), making it difficult to find an effect. Moreover, in absence of dementia, 

symptoms of apathy may reflect amotivation rather than a mood disorder and involve 

dopaminergic pathways and deeper, more subcortical neural circuitry that is not being 

appropriately targeted with current intervention combination [11]. Pairing tDCS (likely with 

different electrode placement) with an intervention targeting reward circuitry and/or with 

dopaminergic modulation may be more beneficial for apathy and is an interesting focus for 

future research.
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Fig. 1. Differences in depressive and apathy symptoms pre- and post-intervention (active 
vs. sham tDCS paired with computerized cognitive training) in older adults with subclinical 
depressive symptoms.
Sample size = 15 for depressive symptoms (8 sham, 7 active) and 18 for apathy symptoms 

(8 sham, 10 active). Covariate adjustment included age, sex, years education, Montreal 

Cognitive Assessment (MoCA) total score, and number of completed intervention days.
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