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Abstract
Major depressive disorder (MDD) is one of the most prevalent psychiatric disorders in the HIV-positive population.
For long periods of time, MDD has been treated with conventional antidepressant therapy in these patients. Novel
Antidepressant Therapy for Major Depression in HIV-infected adults is associated with various side effects such as
sleep disturbance, nervousness, insomnia, weight loss, and sexual dysfunction that could lead to non-adherence to
antiretroviral therapy. To uphold compliance and prevent patients from serious adverse effects of antidepressant therapy;
emerging noninvasive innovative transcranial direct current stimulation (tDCS) could serve as a better alternative. tDCS
has shown promising results; it is an effective, safe therapeutic strategy with an immediate onset of action as compared
to conventional SSRI therapy. The application of tDCS is an easy one and the device for conducting this treatment
modality is highly portable. Along with its convenient application, subjects who have been treated with tDCS in study
settings, found it tolerable with minimum discomfort and without developing chronic and profound adverse effects.
The role of transcranial direct current stimulation therapy is not limited to addressing solely the depressive component
in the MDD population; however, it could be critical in assisting these patients by combating their co-morbidities of
alcoholism and substance abuse by decreasing their cravings. Furthermore, tDCS has proven itself in improving the
cognition in this patient population. This paper will further review this innovative treatment option and will also suggest
tDCS to be studied in larger clinical trials as it could serve a huge role in developing better understanding of patient
experiences regarding its tolerability, safety, and efficacy. Similarly, it will also provide important evidence to clinicians
for the development of better practices in this area.
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Introduction
HIV – A major global burden
The Global Burden of Disease Study of 2010 [GBD 2010] was a
comprehensive study to measure the magnitude of 291 different diseases
and injuries from 1980 to 2010 amongst 187 countries. The disabilityadjusted life year [DALYs] was used as a measurement of disease
burden. HIV/AIDS disease is the fifth leading cause of global DALY in
2010 and there were 35 [33.2-37.2] million people infected and living
with HIV by the end of 2013 [1]. There were approximately1.5 million
HIV deaths in 2013.It is the leading cause of DALY in age groups 2035 in females and 30-45 in males in contrast to other diseases which
are seen in either very young or old age groups. The densely populated
areas of HIV fall into four blocks: Eastern and Southern Africa, Central
Africa, the Caribbean and Thailand.
The first case of HIV was presented in 1981 and there have been
substantially increased cases since then. The global trends show that
HIV continues to rise rather at a fast pace. To understand its increasing
trend, prevalence of HIV infection in the past three years is focused
here. The number of HIV positive patients increased from 8 million in
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1990 to 35 million in 2013 as shown in Figure 1. Out of these 35 million
HIV positive people, total numbers of adult women reported were 16
million and children reported were 3.2 million. Out of these patients,
1.5 million died due to this life threatening condition. The geographical
spread of HIV is summarized in Figure 1. The geographical spread of
HIV among men and women is depicted in Figure 2.

Causes of the rising HIV incidence
There are numerous reasons that lie behind this extravagant
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Figure 1: Number of HIV positive patients increased from 8 million in 1990 to 35 million in 2013.

Figure 2: Showing geographical spread of HIV in men and women. Source: UNAIDS report on the global AIDS epidemic 2013.

increase in burden and number of new cases. To name a few, the list
includes lack of awareness, lack of prompt cure, and lack of accessibility
to antiretroviral therapy. According to reports, only 37% of the total
HIV population had access to antiretroviral treatment in 2013 [2,3].
It has also been documented that people in their reproductive age are
more prone to get HIV infection than those who are at extremes of ages
[3-5], hence presenting the likelihood of passing it on to their children
through vertical transmission.

Preventive measures against HIV
Many measures have come under consideration in order to decrease
the incidence of HIV which included use of condoms to counter sexual
transmission, creating awareness regarding common causes of HIV,
and preventive HIV vaccines which are under recent studies. These
preventive measures have shown promising results in decreasing the
J Addict Res Ther
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incidence of HIV but there still remain several glitches that need to be
handled to significantly decrease this disease [5].

Management of HIV
The treatment of HIV has been a major goal worldwide and several
associations have been working on it since the past few years. Several
treatment options have been proposed out of which antiretroviral
therapy (ART) has consistently delivered most promising results so
far. Combination ART reached 12.9 million HIV positive populations
in 2013 and was increased by 5.6 million every year since 2010. This
assisted significantly in decreasing the HIV burden globally [6].

HIV and depression – A strong association
HIV positive patients have a severely compromised immune system
that causes them to be frequently exposed to superimposed infections.
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These infections can be promptly dealt with medications. In addition
to the superimposed infections, psychiatric disorders in HIV positive
patients should also be widely recognized and considered. Major
depressive disorder (MDD) is one of the most prevalent psychiatric
disorders among HIV-positive population. The rationale behind this
seems relatively simple; it emerges from a mental dilemma of suffering
a chronic debilitating disease and undergoing its treatment. This might
be one factor but several studies have shown that there are other major
factors which contribute to MDD in this patient population, including:
1) Social isolation 2) Dealing with recurrent infections 3) Antiretroviral
drugs.
Among these factors, anti-retroviral medications are considered
to be the most common cause of depression in HIV patients who are
receiving the therapy. Antiretroviral drugs have been widely known
for causing several mood disorders. Depression is the most commonly
recognized adverse effect of these medications. These drugs include
interleukins, efavirenz, stavudine, zidovudine, interferons, zalcitabine
and vinblastine (Table 1).
When management of depression in HIV positive patients
came under consideration, several options came under testing but
conventional antidepressant therapy showed promising results [6].
However, these novel antidepressants also cause some severe adverse
effects, summarized in table 2, which makes HIV positive patients nonadherent to receive HIV medications. This issue has now grown into a
serious dilemma since treating MDD in HIV positive patients further
decreases patient’s compliance towards HIV medications [2,7,8].
Therefore, an alternative must be considered to counter MDD in HIV
positive patients without causing serious side effects (Table 2).

Transcranial direct current stimulation (tDCS) therapy
Transcranial Direct Current Stimulation (tDCS) is a new emerging
technique that is non invasive. tDCS was introduced a few decades ago
and showed promising results back then and hence was considered
to be a state of art in 2008 [9,10]. It is a neuromodulatory method
that has impact on the firing and excitability of the neuronal circuits
of the brain [11,12]. Two electrodes are placed over the scalp to pass
low voltage direct current usually 1 to 2 mA [13] which acts either to
potentiate neuronal excitability via anodal stimulation or diminish
neuronal firing via cathodal stimulation [14-16].
1

The mechanism of action of tDCS at cellular level is to modulate
the resting membrane potential at a sub-threshold level [12]. This
modulation leads to the development of modified N-methyl-Daspartate (NMDA) receptors, which are involved in neuroplasticity
[17]. Neuroplasticity is the recognition of the compound dynamics of
the central nervous system (CNS) connectivity [18]. Its role as the major
physiological basis of adaptation of cognition and behavior and nature
of a person has been well recognized. Pathological neuroplasticity has
been recognized as the basis of many psychiatric disorders [18].
Some of the tDCS induced changes occur rapidly and are hence
known as Intra-tDCS changes. Meanwhile, some of the effects occur
later either as short-lived or long lasting effects [12] The intra-tDCS
changes depend entirely on the activity of sodium and calcium channels
and are probably generated by polarity dependent changes in resting
membrane potential (RMP) [19]. The after effects are associated with
increased protein synthesis in the neuronal circuit along with specific
changes in the NMDA receptor [11,12].

Use of tDCS in the treatment of neuropsychiatric disorders
The effects of tDCS can be appreciated on the neuronal circuit
involved in the mood associated neuronal networks [20] along with
the neuronal circuitry associated with motor control, somatosensory
pathways, visual pathways, and pathways associated with cognition
[21,22].
Besides a high safety profile, affordability, and a simple approach;
due to its effects on neuromodulation, tDCS is now increasingly
being used to treat many neuropsychiatric disorders including mania,
bipolar disorder, bipolar depression, mixed affective state, positive and
negative symptoms of schizophrenia, childhood onset schizophrenia
as well as visual and auditory hallucinations of schizophrenia [23-28].
tDCS has also shown to decrease the symptoms of tinnitus and is
being widely used for the management of post stroke residual motor
deficits, fibromyalgia, epilepsy, and Parkinson’s disease [18,21,22].

Cognitive improvement with the use of tDCS in mentally ill
individuals
Cognitive impairment is a core component of many
neuropsychiatric disorders and also serves as an epicenter affecting the

Drugs

Adverse effects

Interleukin

Depression, disorientation, confusion, and comma

2

Steroids

Mania or depression

3

Efavirenz (Sustiva)

Decreased concentration, depression, nervousness, nightmares

4

Zidovudine (Retrovir, AZT)

Mania, depression

5

Interferon

Neurasthenia fatigue syndrome, depression

6

Zalcitabine (Hivid)

Depression, cognitive impairment

7

Vinblastine

Depression, cognitive impairment

Source: HIV mental health treatment issues.
Table 1: Antiretroviral drugs for HIV positive patients with their adverse effects.
Drugs

Adverse effects

1

SSRIs (Prozac, Paxil, Zoloft)

Increased GI activity, anorgasmia, akathisia, apathy, anxiety, and when toxic, a serotonin syndrome.

2

Bupropion (Wellbutrin)

Contraindicated in patients with unstable seizure disorder; multiple divided dosing.

3

Venlafaxine (Effexor)

Initial stimulant side effects may disturb some patients, may increase blood pressure in hypertensive; GI side effects (also
common with antiretrovirals)

4

Trazodone (Desyrel)

May cause sedation in a.m. at 50-100 mg when taken at night; 1/7000 incidence of priapism.

5

Tricyclics

Weight gain, constipation, orthostatic hypotension, dry mouth, sedation. Can be lethal in overdose.

6

Hormones (testosterone, DHEA)

Off-label for treating depression, side effects with hormone treatment impact biological functions.

Source: HIV mental health treatment issues.
Table 2: Conventional antidepressants to treat MDD in HIV positive patients and their side effects.
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quality of life of a person with a neuropsychiatric disease. Pathological
alterations of neuroplasticity of brain are increasingly explored as
pathophysiological foundation of diverse neuropsychiatric disorders.
Non invasive brain stimulation techniques such as tDCS have been
tested on stroke patients to recover and have also been tested on
patients with Alzheimer’s [29,30] and Parkinsonism, where it increases
recognition memory performance in Alzheimer’s patients and working
memory in patients with Parkinsonism [31-33]. tDCS has been
shown to enhance performance accuracy; it helps the brain to relearn
through facilitating local brain activity and inhibiting the competing
activity. Cortical excitability changes accompany motor learning.
In a randomized controlled trial, it was observed that attention and
working memory in patients with depression improved after a single
session of active tDCS that was administered for 15 consecutive days
[32]. Frontal tDCS has further shown to improve mood and alleviate
feelings of sadness as an adjuvant treatment for hospitalized patients
in severely drug resistant depression [33]. tDCS is not only a tool
that increases performance by facilitating behavior but also fine tunes
response by increasing signal to noise ratio; the same study showed that
bifrontal tDCS in addition to the anti-depressant effects, presents with
acute positive aspects on cognition.

when they were exposed to anodal tDCS stimulation consecutively for
five days, and when given for 15 consecutive days [32-38], this was also
demonstrated in an open study performed on HIV patients who were
suffering from depression [12]. tDCS can also be used in combination
with other neurostimulatory techniques such as transcranial magnetic
stimulation to increase their efficacy in the treatment of MDD. tDCS is
most effective in the management of MDD when it is used in acute stages
of the neuropsychiatric disorders [39,40]. As we have already focused
on high prevalence of depression in HIV positive populations, when
treatment of depression in this patient population is concerned, tDCS
therapy has consistently proven itself as an effective modality. Studies
conducted on tDCS have also failed to demonstrate profound adverse
effects. On the other hand however, several studies have questioned
its efficacy and have suggested further investigational studies on tDCS
demanding more reliable evidences [16,39,41].The real benefit of using
tDCS therapy, as an alternative to conventional antidepressant therapy,
is to prevent the occurrence of adverse effects caused by medications and
decrease the non-adherence of HIV patients towards antiretroviral drugs
(Figure 3). The search was conducted on the PubMed database using the
search terms “transcranial direct current stimulation” and “repetitive
transcranial magnetic stimulation” [42].

Future studies that will combine the use of tDCS and cognitivebehavioral therapy to improve cognition in neuropsychiatric
disorders will be able to further explore the role of tDCS in cognition
improvement in mental illness.

Why conduct clinical research on tDCS?

Use of tDCS in the treatment of Major Depressive Disorder
(MDD) in HIV positive patients
The most common clinical presentation of many neuropsychiatric
conditions as well as many debilitating disorders like cancer and HIV
is depression [34]. Depression in these circumstances is resistant to
treatment by conventional antidepressants and is included in the category
of Major Depressive Disorder (MDD) [33-35]. MDD occurs usually as
a result of alterations to neural circuitry especially in the prefrontal
cortex. tDCS is being increasingly used to manage medicationresistant depression [9]. It works by inducing changes in RMP (Resting
Membrane Potential), spontaneous firing rates, and improving the
synaptic strength as well as cerebral blood flow and metabolism
[13,36]. A study demonstrated that when tDCS is given in combination
with sertraline, it substantially increases the efficacy of both therapeutic
modalities [37]. Several double-blinded, sham controlled studies have
shown significant clinical improvement in patients with depression

Brunoni et al. proposed three main reasons that make it critical
to further carry researches on tDCS. They identified that tDCS
has a theoretical clinical basis because it can be used as a substitute
to pharmacotherapy; especially in cases where people have failed
medications, have exhibited poor tolerability, and have suffered
serious adverse drug interactions. The second logistic centers around
tDCS being an effective augmentative therapy in certain conditions,
e.g., tDCS and pharmacotherapy combined for depression or chronic
pain. This is also based on the rationale that tDCS is a noninvasive
technique and has no proven chronic side effects, along with displaying
synergistic effects due to its interaction with the resting membrane
potential. Thirdly, tDCS is fairly economical. Thus, with further proven
safety and effectiveness, it can play a huge role as a treatment in the
developing countries [43]. Because of its inexpensiveness and its easy to
build nature, there have been many videos uploaded on YouTube even
by laymen who are demonstrating how to build and use this device.

Conclusion
Researchers should be encouraged to further systematically

Figure 3: Bar charts representing number of published papers per year on tDCS (left panel) and rTMS (right panel) until 2013.
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investigate tDCS in larger clinical trials to bring forward more reliable
evidence in support of this effective treatment modality. This shall also
assist in impacting the way the HIV population perceives tDCS as a
therapy for their Major Depression. We need the patient population
and the clinicians to recognize the worth of tDCS in managing
this crucial yet ignored aspect of mental health issue that is widely
prevailing among the HIV population. tDCS has so far managed a
favorable safety profile, hence, there should be a better understanding
of its tolerability, safety, and effectiveness. Clinicians need to be well
informed about the treatment choices they can offer their patients
when addressing their psychiatric issues. tDCS therapy holds a great
potential to enhance improvements in managing Major Depressive
Disorder in the HIV population, therefore, it should be encouraged
and considered as an alternative, safe, and effective technique that will
give us a positive approach in handling mental illness. With collective
action to acknowledge and address the serious dilemma of depression,
as well as commitment to safe and reliable interventions, combating
the issue is within reach.
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