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Summary
Objective: Reduced cognitive function is one of the problems caused by aging, which leads to reduced per-
formance of the elderly. This is a study to evaluate the effects of transcranial Direct Current Stimulation (tDCS) 
on working memory in the elderly with normal cognitive impairments.

Methods: In this clinical trial, 45 elderlies participating in a self-care educational course in Zahedan, Iran, in 
2016, were assigned into three groups of F3, F4, and sham stimulation. From all the participants, 2-back, for-
ward and backward digit span, and Mini Mental State Examination (MMSE) tests were taken.

Results: The three groups showed no significant difference in the mean score of 2-back test at different time 
points.The three groups showed no significant difference in mean score of backward digit span test at differ-
ent time points. The mean score of backward digit span test was significantly higher in the F3 group after the 
intervention.

Discussion: The results of this study indicate that the score changes in the 2-back and the forward digit span 
tests were significant only in the F3 group. Also, the F4 group showed a significant difference at all the time points 
after the intervention, compared to before the intervention, but this change was less than that in the F3 group.

Conclusion: This study shows that tDCS can improve working memory performance via F3method. The tDCS 
can cause working memory improvement and naming facilitation by stimulation.
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INTRODUCTION

Aging (people aged over 60 years) has gained 
importance due to an increase in the world’s el-

derly population [1]. According to the World 
Health Organization (WHO), the world’s popu-
lation is aging, and the global population of el-
derlies is expected to reach over two billions by 
the year 2050 [2]. However, the number of elder-
lies in southwest Asia (including Iran) in 2000 
was about 7%, and it is predicted to constitute 
15% of the total population by 2030 [3]. The el-
derly are at increased risk of chronic illnesses, 
loneliness, isolation, lack of social support, and 
physical and mental disabilities [4].
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Natural cognitive status is dependent on the 
full functioning of various brain systems. Aging 
causes brain function impairment and cognitive 
problems in the individual, which may lead to 
a wide array of problems in the elderly [5]. Age-
ing has been related to cognitive decline and an-
atomical and functional neural changes [6].

Working memory (WM) denotes a brain sys-
tem that includes the temporary storage and ma-
nipulation of the information essential for com-
plex cognitive functions and supports higher 
cognitive functions such as reasoning, language 
comprehension, and learning [7]. This descrip-
tion has evolved from the theory of a unitary 
short-term memory system, where WM has 
been establish to need the simultaneous storage 
and processing of information [8]. WM relies on 
prefrontal and parietal cortical regions that are 
largely affected by small vessel disease (SVD) 
[9]. Administrative function of WM has received 
great consideration because it serves as a atten-
tion controller that assigns and coordinates at-
tentional resources for cognitive tasks [10].

Transcranial Direct Current Stimulation (tDCS) 
is a non-invasive method, in which a short-wave 
direct current of 1 to 4 mA is introduced into the 
scalp, and by that, long-term changes are made 
in cortical polarization, following the depolariza-
tion and hyperpolarization of the neurons; in oth-
er words, this method impacts neurotransmitters. 
In this type of electrical stimulation, brain struc-
tures are targeted using weak electrical currents 
[11]. tDCS is a non-pharmacological intervention 
that can affect brain function through stimulating 

cortical irritability [12]. tDCS has been extensive-
ly tested in the past decade as a non-invasive, in-
expensive, and safe alternative method to change 
cortical excitability by altering the cerebral corti-
cal relaxation potential [13]. Today, tDCS thera-
py is a very useful treatment for attention deficit 
hyperactivity disorder (ADHD), learning disabili-
ties, autism, mental retardation, major depressive 
disorder, and addiction to drugs such as amphet-
amines and alcohol [14].

One of the problems in the elderly, who con-
stitute a large portion of the population, is the 
decline in WM, which leads to lower perfor-
mance. Therefore, studying WM in this popu-
lation group is important. Herein, we evaluated 
the effects of tDCS on WM in the elderly with 
normal cognitive impairments.

METHODS

Study populations

Study populations were randomly selected 
among participants of a self-care educational 
course held by Zahedan university of medical 
sciences for elderlies (aged over 60 years old) in 
Zahedan, Iran, in 2016. In this clinical trial, we 
enrolled 45 elderlies aged over 60 years old.

The inclusion criteria comprised having in-
formed consent to participate in the study, 
no history of mental and neurological diseas-
es (such as depression, psychosis, Alzheimer’s 
disease, multiple sclerosis, and cerebrovascular 
accident), and not having contraindications for 
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Figure 1. Trial profile
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tDCS (history of brain surgery, history of seizure 
at any time, the presence of vascular clips in the 
brain, the presence of cardiac pacemakers, and 
history of schizophrenia or bipolar disorder).

The exclusion criteria were Mini-Mental State 
Examination (MMSE) score of less than 25, or 
experiencing complications of the intervention 
such as severe headache or aggravated skin in-
flammation. Trial profile is shown in figure 1.

tDCS

Brain stimulation was administered using a con-
stant current stimulator that provided 2mA 
tDCS stimulation between two electrodes.

The participants were randomly divided into 
three groups of 15 (were matched according to 
age and educational level) as follows: F3 group: 
tDCS administered for participant’s simula-
tion with anode over F3 and cathode over the 
right supraorbital area; F4 group: tDCS admin-
istered for participant’s simulation with F4 an-
ode and cathode locations on the opposite side 
of the supraorbital area; and sham group: tDCS 
administer for participants with sham stimula-
tion, that is, the participants were connected to 
a non-functioning device as the control group. 
Before the intervention, demographic informa-
tion including age, educational level, sex, contact 
information, history of physical and mental ill-
nesses, and occupational status were recorded. 
tDCS was executed five days in a week for each 
case. Participants and evaluators were unaware 
to the type of stimulation.

Mini-Mental State Examination (MMSE)

The mini-mental state examination (MMSE) is 
a brief screening tool evaluating cognitive im-
pairment. This instrument contains items on 
language, recall, attention, and orientation. 
The original test was developed by Folstein et al. 
(1975) for screening patients with dementia [15]. 
Scores lower than 25 may be due to a number 
of conditions including delirium, dementia, and 
depression. Cognitive impairment is unreliably 
identified by interaction with the patient; thus, 
a routine screening tool such as MMSE should 
be considered, specifically in higher-risk groups 

such as elderly patients. In this study, the MMSE 
was completed by our participants before and 
two weeks after the intervention.

2-back test

The 2-back test is a simple test for the evalua-
tion of working memory [16]. This test is based 
on succession, where a figure is shown to a per-
son, and the person must press a button if the 
presented figure is repetitive. In this study, this 
test was performed before the intervention, be-
fore the third section, after the intervention, and 
two weeks post-intervention.

Forward and backward digit span test

Forward and backward digit span is a test for 
the assessment of short-term memory and work-
ing memory; this test is used in many cognitive 
and neuroscience research labs [17]. This tool is 
a comprehensive pursuit scale used for the as-
sessment of brain function, disorders of atten-
tion, planning, problem solving, and executive 
functions.8 The forward digit span test contains 
random number sequences (range 0-9) present-
ed to the subject. The subject must repeat the 
numbers in the exact sequence, and for back-
ward digit span test, the orally presented num-
bers must be stated backwards.18 In this study, 
this test was performed before the intervention, 
before the third section, after the intervention, 
and two weeks after the intervention.

Statistical analysis

Descriptive data are summarized as mean, 
standard deviation, and percentages. To analyze 
the data, one-way analysis of variance (ANO-
VA), Chi-square test, and t-test were run in SPSS 
version [18].

Ethics statement

The study protocol was reviewed and approved 
by the Ethics Committees of Zahedan Univer-
sity of Medical Sciences (code: IR.ZAUMS.
REC.1394.273), and the study was registered at 
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the Iranian Registry for Clinical Trials (https://
www.irct.ir, code: IRCT201605299014N101).

RESULTS

In this study, 45 elderlies (48.8% female) were 
enrolled in two intervention groups (F3 and F4) 

and a control group (sham). The mean age of the 
subjects was 61.9±2.2 years old, and the mean 
year of education was 10.6±2.6 years. There 
was no significant difference between the three 
groups regarding age, sex, and education years 
(P>0.05; Table 1).

Table 1. Comparison of the mean age and education years in the three groups using one-way ANOVA

Variable F3 Group F4 Group Sham Group P-value
Age (Mean±Sd) 62.1±2.2 61.1±2.1 61.7±2.4 0.924
Education years (Mean±Sd) 10.8±2.5 11.0±3.1 10.0±2.3 0.680
Variable F3 Group F4 Group Sham Group P-value
Age (Mean±Sd) 62.1±2.2 61.1±2.1 61.7±2.4 0.924
Education years (Mean±Sd) 10.8±2.5 11.0±3.1 10.0±2.3 0.680

The average scores of MMSE were 27.2±1.4, 
27.1±1.0, and 26.2±1.1 in the F3, F4, and sham 
groups, respectively, before the intervention 
(P=0.136). After the intervention, the mean scores 
of MMSE were 27.2±1.4, 27.2±1.3, and 26.9±1.1 
in the F3, F4, and sham groups, respectively 

(P=0.833). The three groups showed no signifi-
cant difference in mean scores of MMSE (P>0.05).

The mean scores of 2-back and forward and 
backward digit span tests are compared in Ta-
ble 2 at four time points using paired t-test and 
one-way ANOVA.

Table 2. The mean scores of 2-back and forward and backward digit span tests in the three groups

Section Groups Before the 
intervention

Before the  third 
section

After the intervention Two weeks after the 
intervention

2-back F3 572±86 551±80 519±77 527±80
F4 515±86 513±90 511±92 521±82

Sham 489±64 486±53 472±44 486±61
P-value 0.084 0.204 0.367 0.453

Forward digit 
span

F3 9.6±1.1 10.4±1.0 11.0±0.8 11.0±0.8
F4 8.0±1.1 8.4±1.2 8.3±0.9 7.8±1.0

Sham 8.2±0.8 8.4±0.7 8.3±0.5 8.3±0.7
P-value 0.002 0.001 0.001 0.001

Backward digit 
span

F3 6.7±1.5 8.0±1.6 8.6±1.9 8.6±1.5
F4 6.1±1.2 7.1±1.4 7.0±1.4 6.9±1.6

Sham 6.1±1.2 6.7±1.1 6.9±0.9 6.7±0.9
P-value 0.503 0.115 0.024 0.008

The three groups showed no significant differ-
ence in terms of mean score of 2-back test at dif-
ferent time points (P>0.05). The mean score of 
forward digit span test was significantly high-
er in the F3 group than the other groups before 
the intervention (P=0.002). The three groups 

showed no significant difference in the mean 
score of backward digit span test at different 
time points (P=0.503). The mean score of back-
ward digit span test was significantly higher in 
the F3 group than the other groups after the in-
tervention (P=0.008).
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The comparison of score changes showed that 
the score of 2-back test significantly changed 
only in the F3 group (from 572±86 to 527±80 
two weeks after intervention; P=0.003; Table 3). 
The changes in forward digit span scores were 
significant in group F3, which was 9.6±1.1 be-
fore the intervention and increased to 11.0±0.8 
two weeks post-intervention (P=0.001; Table 3). 
The greatest score alterations in backward digit 

span test scores are noted in the F3 group (from 
6.7±1.5 before the intervention to 8.6±1.5 two 
weeks after the intervention; P=0.001; Table 3). 
In this regard, a significant difference in score 
can be observed in the F4 group at all times af-
ter the intervention, while in the control group, 
a significant difference was seen only at the time 
before the third section and after the end of the 
section (P<0.05; Table 3).

Table 3. The comparison of score changes in the three groups usingpaired t-test

Section Groups Before the intervention with 
before the third section 

(P-value)

Before the intervention 
with after the intervention       

(P-value)

Before the intervention 
with two weeks after the 

intervention (P-value)
2-back F3 0.083 0.001 0.003

F4 0.808 0.566 0.297
Sham 0.850 0.088 0.601

Forward digit 
span

F3 0.011 0.001 0.001
F4 0.168 0.343 0.443

Sham 0.509 0.678 0.591
Backward digit 
span

F3 0.001 0.001 0.001
F4 0.001 0.019 0.037

Sham 0.005 0.011 0.081

DISCUSSION

The results of this study indicate that the score 
changes in the 2-back and the forward digit 
span tests were significant only in the F3 group. 
The greatest score changes in the backward dig-
it span test were observed in the F3 group. Also, 
the F4 group showed a significant difference at 
all the time points after the intervention, com-
pared to before the intervention, but this change 
was less than that in the F3 group. This result 
shows that the effect of F3-right supraorbital 
method with F3 anode is more significant.

According to previous studies, visual work-
ing memory is related to the lateral prefrontal 
cortex of the right hemisphere, and the right pa-
rietal cortex is vital to visuospatial perception 
[19]. Jeon et al. reported the right tDCS over the 
prefrontal cortex as an anodal stimulation tar-
get. The tests performed with the electrode on 
the left side of the prefrontal line showed a more 
significant effect. These changes were steady af-
ter two weeks and showed that tDCS in the left 

frontal lobe was effective in improving working 
memory [18] Based on the mentioned findings, it 
can be established that the visuospatial attention 
test exhibited significant enhancement in the 
right prefrontal cortex functioning. Lally et al. 
showed that electrode positioning is a main po-
tential confounder when comparing tDCS effects 
on both brain activity and behavior [20]. How-
ever, they reported the effectiveness of stimula-
tion in the initial stages of learning via the place-
ment of negative electrode on the left dorsolater-
al frontal cortex (F3) and the positive electrode 
on the opposite side.20 More stimulation on the 
right parietal lobe and direct stimulation of the 
right prefrontal cortex could lead to the stimu-
lation of a small area of the cortex [21]. Howev-
er, further studies addressing the biological and 
behavioral consequences of different electrode 
placements are required.

Cheng et al. [22] and Saunders et al [23] re-
ported the positive effects of tDCS on the el-
derly with cognitive decline. They also proved 
the cognitive benefits of tDCS for active mem-
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ory exercises and as dual stimuli in these indi-
viduals. Saunders et al. demonstrated that tDCS 
can improve neuro-psychological and behavio-
ral symptoms in people with weak active mem-
ory functioning [23]. Meinzer et al. ascribed that 
the elderly had more errors than younger sub-
jects at the beginning of the stimulation, but the 
mistakes of the elderly reduced after the admin-
istration of tDCS [24]. Cognitive function in the 
intervention group receiving tDCS was clearly 
better than the sham group, which was the same 
as our results.

Lally et al. demonstrated the results of 2-back 
test after excitatory tDCS, which did not support 
improvement across multiple days [20]. This re-
sult is in line with our findings and those of oth-
er studies; in comparison with sham stimulation, 
Zaehle et al [25] and Ohn et al. [26] did not re-
port significant performance enhancements in 
the 2-back task immediately following tDCS.

Nonetheless, in a number of studies, the re-
sults were different from our and the above-
mentioned findings. For example, Horvath et 
al. reported that using tDCS did not affect cog-
nitive status and or active memory [27]. Kesh-
vari et al. demonstrated that difference in elec-
trode placement can impact the results [27]. The 
results of the 2-back test in the stimulation of 
the anode on the left lateral dorsal side [28] dif-
fered with those obtained by the stimulation 
of the left anode. However, the insertion of the 
cathode on the right and anode on the left neg-
atively affected the results [20]. Hoy et al. [29] 
and Nikolin et al. [30] showed a stimulation of 2 
mA did not lead to a higher degree of cognitive 
enhancement, but most positive effects on cog-
nition can be observed at the stimulation of 1 
mA. This suggests that the position of electrode 
and amplitude of stimulation can change perfor-
mance and the results of tDCS on cognitive func-
tion and working memory.

In spite of methodological differences, the in-
formation published to date support the use of 
tDCS as a treatment strategy for psychiatric dis-
orders and working memory. Reduction of ex-
ecutive function, such as working memory, has 
been employed in many neurological and psy-
chiatric conditions and can be used for schizo-
phrenia, depression and similar diseases. How-
ever, it should be further investigated before be-
coming a routine clinical treatment.

The present study showed that tDCS signifi-
cantly increases the performance of active mem-
ory, and improvement in the F3 group was sig-
nificantly higher than the other groups. tDCS 
can cause working memory improvement and 
naming facilitation by stimulation.  It can also af-
fect early learning stages in the elderly. Accord-
ing to our results, tDCS can be used to enhance 
cognitive function and working memory in the 
elderly.
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