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IntroductIon
As patients with schizophrenia live longer, 
because of better medical management, 
suicide prevention, and appropriate nutri-
tion, we are beginning to face a new phe-
nomenon: elderly patients with chronic 
schizophrenia developing Alzheimer’s 
disease.

In the past two decades several neuro-
stimulation methods have been introduced 
in psychiatry. These include transcranial 
magnetic stimulation (TMS), vagus nerve 
stimulation (VNS), deep brain stimula-
tion (DBS), and transcranial direct current 
stimulation (tDCS). To date only TMS and 
tDCS have been used in the treatment of 
positive, negative, and cognitive symptoms 
of schizophrenia (1).

These treatment modalities show prom-
ise to decrease the risk of Alzheimer’s disease 
in elderly individuals with schizophrenia, 
but in order to optimize their benefits it is 
essential to recognize the differences in the 
cognitive pathology involved.

Since it is possible that specific neuro-
stimulatory modalities or sites of stimula-
tion affect different regions of the brain or 
domains of neurocognitive pathology in a 
different manner, it is necessary to have a 
better understanding of the cognitive defi-
cits in each condition.

SImIlarItIeS and dIfferenceS 
Between domaInS of cognItIve 
Pathology
In many ways schizophrenia can be consid-
ered as a disease of accelerating aging. It pre-
sents with cognitive deficits and metabolic 
abnormalities. Schizophrenia is associated 
with an increase in mortality, resulting in 
a decrease in average life span of 20% (2).

Patients with schizophrenia show a 
rapid cognitive decline after the age of 65 
in addition to the already existing cogni-
tive deficit. Clinical studies suggest that 
severe cognitive impairment is common 
among elderly patients with schizophrenia 
who reside in long-stay psychiatric institu-
tions (3).

In spite of this data, Alzheimer’s demen-
tia per se is diagnosed in only 9% while 
other dementing diseases are diagnosed 
in 4% of the individuals with schizophre-
nia (4). This finding has led some to the 
assumption that these patients are somehow 
resistant to Alzheimer’s disease.

Despite neurocognitive similarities 
between patients with Alzheimer’s demen-
tia and schizophrenia, there are also major 
neuropsychological as well as laboratory 
differences. In general biological mark-
ers show a lack of increased Alzheimer’s 
pathology in patients with schizophrenia, 
while neuropsychological testing show dif-
ferences in the affected domains of cognitive 
deficits (5).

 neuroPSychologIcal dIfferenceS
The range of cognitive impairments in 
individuals with schizophrenia differs 
from the one in Alzheimer’s disease. In 
elderly schizophrenic individuals there 
is less forgetfulness and delayed recall. 
Most deficits are seen in the processing 
speed, episodic memory, working mem-
ory, and executive function (6). Elderly 
individuals with schizophrenia scored 
lower on digit symbol substitution, pic-
ture completion, and block design in 
Wechsler Adult Intelligence Scale Revised 
(WISE-R) as compared to Alzheimer’s 
disease patients (6).

dIfferenceS In BIologIcal markerS
In post mortem studies, the degree of senile 
plaques or neurofibrillary tangles was not 
different in the schizophrenia group com-
pared with non-schizophrenic psychiatric 
disorders (5).

Amyloid markers
In spite of cognitive deficits, most studies 
failed to find increased amyloid deposits 
in patients with schizophrenia, even after 
age 65, leading to the belief, by some, that 
patients with schizophrenia are protected 
from developing Alzheimer’s disease (6).

Tau pathology markers
Since a more pronounced cognitive decline 
has been described in older schizophrenic 
patients, it has been hypothesized that 
these patients might be at a higher risk of 
developing AD. In spite of this belief, no 
significant differences in CSF total tau and 
phospho-tau levels were found in patients 
with schizophrenia and controls (7).

Functional MRI
Just like different memory domains are 
impaired in schizophrenia vs. Alzheimer’s 
disease, functional MRI shows different 
areas of brain tissue loss in the two con-
ditions. Areas with specifically low gray 
matter volume in AD were distributed 
within the neocortical associative areas, 
while in elderly schizophrenia patients 
these were confined to the posterior part 
of the anterior cingulate gyrus (5). Other 
in vivo neuroimaging studies have pro-
vided evidence of decreases in the gray 
matter volume of the cingulate gyrus in 
subjects with schizophrenia as compared 
to healthy controls (8).

http://www.frontiersin.org/
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org/Psychiatry/about
http://www.frontiersin.org/Neurodegeneration/10.3389/fpsyt.2013.00111/full
http://www.frontiersin.org/Neurodegeneration/10.3389/fpsyt.2013.00111/full
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=AdonisSfera&UID=54993
http://www.frontiersin.org/Psychiatry/editorialboard
mailto:dr.sfera@gmail.com
http://www.frontiersin.org/Neurodegeneration/archive


Frontiers in Psychiatry | Neurodegeneration  September 2013 | Volume 4 | Article 111 | 2

Sfera Neurostimulation in Alzheimer’s disease

 11. Spieles-Engemann AL, Behbehani MM, Collier TJ, 
Wohlgenant SL, Steece-Collier K, Paumier K, et al. 
Stimulation of the rat subthalamic nucleus is neu-
roprotective following significant nigral dopamine 
neuron loss. Neurobiol Dis (2010) 39:105–15. doi: 
10.1016/j.nbd.2010.03.009

 12. Prikryl R, Mikl M, Prikrylova Kucerová H, Ustohal 
L, Kasparek T, Marecek R, et al. Does repetitive 
transcranial magnetic stimulation have a positive 
effect on working memory and neuronal activation 
in treatment of negative symptoms of schizophre-
nia? Neuro Endocrinol Lett (2012) 33:90–7. 

 13. Bersani FS, Minichino A, Enticott PG, Mazzarini 
L, Khan N, Antonacci G, et al. Deep transcranial 
magnetic stimulation as a treatment for psychiatric 
disorders: a comprehensive review. Eur Psychiatry 
(2013) 1:30. doi: 10.1016/j.eurpsy.2012.02.006

 14. Jue H, Kong J, Qing-Rong T. Neuroprotective effect 
of atypical antipsychotics in cognitive and non-cog-
nitive behavioral impairment in animal models. Cell 
Adh Migr (2009) 1:129–37. 

 15. Thomsen MS, El-Sayed M, Mikkelsen JD. Differential 
immediate and sustained memory enhancing effects 
of alpha7 nicotinic receptor agonists and allosteric 
modulators in rats. PLoS ONE (2011) 11:e27014. 
doi: 10.1371/journal.pone.0027014

 16. Hashimoto R, Fujimaki K, Jeong MR, Senatorov VV, 
Christ L, Leeds P, et al. Neuroprotective actions of 
lithium. Seishin Shinkeigaku Zasshi (2003) 1:81–6. 

 17. Diniz BS, Machado-Vieira R, Forlenza OV. Lithium 
and neuroprotection: translational evidence and 
implications for the treatment of neuropsychiatric 
disorders. Neuropsychiatr Dis Treat (2013) 9:493–
500. doi: 10.2147/NDT.S33086

 18. Brunelin J, Mondino M. Examining transcranial 
direct-current stimulation (tDCS) as a treat-
ment for hallucinations in schizophrenia. Am J 
Psychiatry (2012) 7:719–24. doi: 10.1176/appi.
ajp.2012.11071091

 19. Nitsche AM, Cohen GL, Wasserman EM, Priori A, 
Lang N, Antal A, et al. Transcranial direct current 
stimulation: state of the art 2008. Brain Stimulat 
(2008) 1:206–23. doi: 10.1016/j.brs.2008.06.004

 20. Andrews SC, Hoya KE, Enticotta PG, Zafiris JD. 
Improving working memory: the effect of com-
bining cognitive activity and anodal transcranial 
direct current stimulation to the left dorsolateral 
prefrontal cortex. Brain Stimulat (2011) 2:84–9. doi: 
10.1016/j.brs.2010.06.004

 21. Meinzer M, Antonenko D, Lindenberg R, Hetzer S, 
Ulm L, Avirame K, et al. Electrical brain stimula-
tion improves cognitive performance by modulating 
functional connectivity and task-specific activa-
tion. J Neurosci (2012) 5:1859–66. doi: 10.1523/
JNEUROSCI.4812-11.2012

 22. Andre Russowsky Brunoni AB, Nitsche MA, 
Bolognini N, Bikson M, Wagner T, Merabet L, 
et al. Clinical research with transcranial direct 
current stimulation (tDCS): challenges and future 
directions. Brain Stimulat (2012) 5:175–95. doi: 
10.1016/j.brs.2011.03.002

 23. Fregni F, Boggio PS, Nitsche M, Bermpohl F, Antal A, 
Feredoes E, et al. Anodal transcranial direct current 
stimulation of prefrontal cortex enhances working 
memory. Exp Brain Res (2005) 166:23–30. doi: 
10.1007/s00221-005-2334-6

concluSIon
Elderly individuals with schizophrenia pre-
sent with an accelerating cognitive decline. 
In this respect it is considered as a disease 
of premature aging. DBS was found to be 
beneficial in neurodegenerative disorders 
such as Parkinson’s disease and Alzheimer’s 
disease. TMS has shown benefit in improv-
ing working memory and cognitive symp-
toms in schizophrenia. tDCS was found 
to be beneficial in positive, negative, and 
cognitive symptoms of schizophrenia. 
tDCS stimulation over the left DLPFC has 
been shown to improve executive abilities 
and working memory in individuals with 
dementia. Overall, neurostimulation in 
schizophrenia may be neuroprotective and 
prevent the risk of Alzheimer’s disease.

referenceS
 1. Gazdag G, Ungvari G. Non-pharmacological 

biological  therapies  in schizophrenia. 
Neuropsychopharmacol Hung (2011) 4:233–8. 

 2. Bernstein HG, Ernst TS, Lendeckel H, Steiner J, 
Bogerts B. What protects patients with schizophrenia 
to develop Alzheimer’s pathology. In: Ritsner M editor. 
Brain Protection in Schizophrenia, Mood and Cognitive 
Disorders. New York: Springer (2010). p. 49–61.

 3. Purohit D, Perl D, Haroutunian V, Powchik P, 
Davidson M, Davis KL. Alzheimer disease and 
related neurodegenerative diseases in elderly 
patients with schizophrenia. Arch Gen Psychiatry 
(1998) 3:205–11. doi: 10.1001/archpsyc.55.3.205

 4. Davidson M, Harvey PD, Powchik P, Parrella M, 
White L, Knobler HY, et al. Severity of symptoms in 
chronically institutionalized geriatric schizophrenic 
patients. Am J Psychiatry (1995) 2:197–207. 

 5. Frisonia G, Prestiaa A, Adorni A. In vivo neuropa-
thology of cortical changes in elderly persons with 
schizophrenia. Biol Psychiatry (2009) 6:578–85. doi: 
10.1016/j.biopsych.2009.02.011

 6. Kazui H, Yoshida T, Takaya M, Sugiyama H, 
Yamamoto D, Kito Y, et al. Different characteristics 
of cognitive impairment in elderly schizophre-
nia and Alzheimer’s disease in the mild cognitive 
impairment stage. Dement Geriatr Cogn Disord 
(2011) 1:20–30. doi: 10.1159/000323561

 7. Schönknecht P, Hempel A, Hunt A, Seidl U, 
Volkmann M, Pantel J, et al. Cerebrospinal fluid tau 
protein levels in schizophrenia. Eur Arch Psychiatry 
Clin Neurosci (2003) 2:100–2.

 8. Calabrese DR, Wang L. Cingulate gyrus neuro-
anatomy in schizophrenia subjects and their non-
psychotic siblings. Schizophr Res (2008) 104(1–3): 
61–70. doi: 10.1016/j.schres.2008.06.014

 9. Ritsner M. Brain Protection in Schizophrenia, Mood 
and Cognitive Disorders. Heidelberg: Springer 
(2010). 66 p.

 10. Charles PD, Gill CE, Davis TL, Konrad PE, Benabid 
AL. Is deep brain stimulation neuroprotective if 
applied early in the course of PD? Nat Clin Pract 
Neurol (2008) 8:424–6. doi: 10.1038/ncpneuro0848

IS neuroStImulatIon 
neuroProtectIve?
Neuroprotection is a new direction in 
the treatment of disorders that lead to 
neurodegeneration as a result of deterio-
ration of neurons due to excitotoxicity, 
apoptosis, oxidative stress. The concept 
of neuroprotection has implications for 
mood and cognitive disorders such as 
schizophrenia (9).

Recent studies suggest that neurostim-
ulation may have neuroprotective effects 
(10). For example it is well known that DBS 
of subthalamic nucleus, frequently used in 
treating Parkinson’s disease, was also found 
to be neuroprotective in rats (11).

Deep TMS used primarily for the 
treatment of major depressive disorder, 
was found to have positive effects on 
working memory if applied over the left 
prefrontal cortex (12). In this respect it 
was found beneficial for use in negative 
and cognitive symptoms of schizophre-
nia (13).

Various psychotropic agents used in the 
treatment of schizophrenia and demen-
tia are neuroprotective as well, including 
drugs such as: clozapine (9), quetiapine 
(14), nicotinic agonists, especially alpha 7 
ligands (15), lithium (16, 17), and selec-
tive serotonin uptake inhibitors (SSRI) 
(9). Using neurostimulation as an adjunc-
tive therapeutic technique might aug-
ment the effect of psychotropic drugs by 
offering extra benefit, especially in poor 
responders.

In this respect a recent study showed that 
tDCS provided an alternative and poten-
tially superior approach to the treatment 
of psychotic symptoms in medication-
resistant schizophrenia (18).

Several studies (19–23) showed that 
improvement of cognitive functions was 
promoted by anodal tDCS stimulation. For 
example, stimulation over the left DLPFC 
has been shown to improve executive abili-
ties and working memory performance in 
individuals with dementia (24).

Since gray matter loss in the elderly 
schizophrenia patients was noted in the pos-
terior part of the anterior cingulate gyrus, it 
would be interesting to look at tDCS anodal 
stimulation in that particular area in order 
to prevent development of Alzheimer’s 
dementia in this group.
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