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Brief Report
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Objectives. Paranoia manifests similarly in subclinical and clinical populations and is

related to distress and impairment. Previous work links paranoia to amygdala

hyperactivity and reduced activation of the ventrolateral prefrontal cortex (VLPFC), a

region thought to regulate amygdala activity.

Methods. This study aimed to reduce subclinical paranoia in 40 undergraduates by

increasing activity of the VLPFC via single-session transcranial Direct Current Stimulation

(tDCS). A double-blind, crossover (active vs. sham stimulation) design was used.

Results. Paranoia significantly decreased after active stimulation (dz = 0.51) but not

sham (dz = 0.19), suggesting that tDCS of VLPFC was associated with mean-level

reductions in paranoia.

Conclusion. These findings demonstrate preliminary support for the role of single-

session active stimulation to the VLPFC for reducing subclinical paranoia in healthy

individuals.

Practitioner points

� In both clinical and subclinical populations, paranoia is related to distress and poorer functional

outcomes.

� Paranoia has been linked to overactivation of the amygdala, a brain region responsible for detecting

salience and threat, and reduced activation of the ventrolateral prefrontal cortex (VLPFC), a region

thought to modulate and regulate amygdala activity.
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� In this study, transcranial direct current stimulation (tDCS) of the VLPFC reduced self-reported

paranoia in healthy undergraduate students.

� tDCS may be a promising intervention for reducing paranoia in subclinical and clinical populations.

� Effects were relatively small and require replication with larger subclinical samples and with clinical

samples.

Paranoia exists across a transdiagnostic continuum affecting those with severe mental

illnesses as well as 10–28% of otherwise psychiatrically healthy individuals in the general

population (Bebbington et al., 2013). The occurrence of paranoia among such healthy
individuals is referred to as subclinical paranoia. A growing body of literature has begun to

examine subclinical paranoia not only as it relates to clinical paranoia, but as an area of

interest in its own right. Across clinical and subclinical populations, heightened paranoia

is associated with poor self-esteem and elevated depression (Martin & Penn, 2001), in

addition to poor physical health and psychological well-being (R€ossler et al., 2007).

Importantly, putatively healthy individuals who are high in subclinical paranoia

experience difficulties in occupational and social functioning (R€ossler et al., 2007). Due
to the widespread prevalence and negative associations with heightened paranoia,
effective interventions to reduce paranoia are needed.

As previous work indicates that paranoia manifests similarly in subclinical and clinical

populations, it may also have similar neurological mechanisms. Previous work suggests

that clinical levels of paranoia are related to overactivation of the amygdala and decreased

activity in the ventrolateral prefrontal cortex (VLPFC), which typically modulates and

reduces amygdala activity (Monk et al., 2008; Pinkham, Hopfinger, Ruparel, & Penn,

2008). Thus, previous work suggests that either reducing amygdala activation or

increasing VLPFC activity may help to lessen paranoia (Pinkham et al., 2008). One viable
option for increasing activity of the VLPFC is through transcranial direct current

stimulation (tDCS), which is a novel form of neuromodulation that utilizes constant, low

amplitude, direct electrical current delivered through non-invasive electrodes placed on

the surface of the scalp (Brunoni et al., 2012). The easily accessible, cortical location of

VLPFC renders this a better target than the subcortically located amygdala.

The purpose of the present study is to investigate whether a single session of tDCS to

the VLPFC can successfully reduce subclinical paranoia in healthy individuals. We

hypothesize that individuals will show reduced levels of paranoia immediately following
active stimulation to the VLPFC as compared to immediately following sham stimulation.

We have chosen to examine subclinical paranoia for two primary reasons. First,

individuals high in subclinical paranoia experience distress and impairment despite the

absence of a clinical diagnosis. tDCSmay lead to reduced distress and improved outcomes

for these individuals. Second, targeting a subclinical population allows for a specific test of

this intervention that is unconfounded by medications or other psychotic symptoms.

Methods

Participants included 40 undergraduate students between 18 and 35 years of age

(M = 20, SD = 2.19) who experienced high levels of subclinical paranoia. Participants

were identified from a larger sample that completed two online screening surveys

including the Paranoia Scale (PS; Fenigstein & Vanable, 1992) at least one week apart
(M = 9.73 days, SD = 4.05). The PS is a 20-item self-report measure assessing subclinical

paranoia. Total score on the PS ranges from 20 to 100, with higher scores indicating

greater subclinical paranoia. Individuals scoring an average of 53 or above on both
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screening surveys were recruited for the current study (means are provided in Table 1).

This cut-off score is consistent with previous work indicating that this is a reliable marker

of elevated paranoia (Combs & Penn, 2004). The average length of time between the

second PS screening assessment and the first laboratory visit was approximately 72 days
(SD = 61.05; Median = 51 days; Range: 7–306). Participants did not meet diagnostic

criteria for, or have history of, mental illness as assessed by the Mini-International

Neuropsychiatric Interview (Sheehan et al., 1998) which was completed via phone

screening an average of 22 days before visit 1 (Median = 17.5; SD = 22.89). Additionally,

participants could not be taking any psychotropic medications, which was assessed

during the phone screen and again during visit 1. Participant demographics and

descriptive characteristics are provided in Table 1.

Testing occurred during two laboratory visits, approximately 1 week apart (M = 7.03,
SD = 0.16). This study utilized a double-blind, crossover, placebo-controlled design.

Participants were randomly assigned to receive either active or sham neurostimulation at

their first visit and the opposite condition at their second visit. Condition assignment was

counterbalanced so that approximately half of the participants received active stimulation

first. Immediately before stimulation, participants completed the PS to assess current

levels of paranoia (PS-pre). The assigned neurostimulation procedure was then admin-

istered for a total of 20 min, during which participants viewed the first episode of Orbit:

Table 1. Participant demographics and descriptive information

M (SD)/N (%)

Age 20.15 (2.19)

Female 25 (62.5)

Years of education 13.89 (1.75)

Race

Asian 21 (52.5)

Caucasian 16 (40)

African American 1 (2.5)

Other 2 (5)

Ethnicity

Hispanic 11 (27.5)

Non-Hispanic 29 (72.5)

PS screening

PS 1 60.08 (6.92)

PS 2 59.9 (5.79)

Sham condition

PS-Pre 47.63 (9.86)

PS-Post 46.90 (10.25)

PS difference score (Pre – Post) 0.73 (3.80)

Active condition

PS-Pre 46.58 (10.23)

PS-Post 44.98 (10.02)

PS difference score (Pre – Post) 1.60 (3.11)

Note. PS 1 = paranoia scores during first screening; PS 2 = paranoia scores

during second screening; PS difference score = paranoia scores pre-stimulation

minus paranoia scores post-stimulation; PS-Post = paranoia scores post-stim-

ulation; PS-Pre = paranoia scores pre-stimulation.
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Earth’s Extraordinary Journey. Active stimulation involved 20 min of neurostimulation

at 1.5 mA using rectangular conductive rubber electrodes inside saline-soaked sponges.

Given work demonstrating both anodal and cathodal stimulation result in excitability at

durations of 20 min and at higher amplitudes (Batsikadze, Moliadze, Paulus, Kuo, &
Nitsche, 2013), electrodes were placed bilaterally. To stimulate the right VLPFC, the

anode was placed over F6 (Montreal Neurological Institute coordinates: 44, 32, �12

identified from Pinkham et al., 2008); the contralateral homolog area (F5)was targeted for

the stimulation of the left VLPFC. Electrodes were identically placed for the sham

condition; however, stimulation was limited to 45 s in total, with 15 s of gradual

stimulation leading up to 15 s of full stimulation, followed by 15 s of gradual ramping

down. Both electrodes were 5 9 7 centimetres in size (35 cm2), resulting in a current

density of 0.0428 mA/cm2. Stimulation was followed by a 30-minute waiting period to
allow stimulation effects to accrue and stabilize (Samani, Agboada, Jamil, Kuo, & Nitsche,

2019) during which participants browsed through magazines quietly. After the waiting

period, participants completed the PS again (PS-post).

Both participants and research assistants who conducted testing were blind to study

condition. Success of the blinding procedure was assessed by asking participants and

researchers to guess the stimulation condition at the end of each visit. Accuracy was

below chance levels (46% for participants and 48% for researchers) indicating that

blinding procedures were successful. All participants provided informed consent and
were compensated for their participation, and all participants completed both visits.

Results

A repeated-measures ANOVAon PS scores, with condition (active vs. sham) and time (pre-

vs. post-stimulation) as within-subjects variables, was used to test whether VLPFC
stimulation reduced paranoia. This revealed a significant main effect of condition, F(1,

39) = 4.407, p = .042 such that paranoia was lower in the active condition (M = 45.78,

SD = 9.99) relative to sham (M = 47.26, SD = 9.87). The main effect of time was also

significant, F(1, 39) = 9.865, p = .003, with lower PS scores in the post-stimulation

assessments (M = 45.94, SD = 9.80), relative to pre-stimulation (M = 47.10, SD = 9.74).

The interaction between condition and time on paranoia was not significant, F(1,

39) = 1.16, p = .29.

Follow-up paired samples t tests between pre- and post-PS scores for the active and
sham conditions revealed a statistically significant decrease in PS scores for the active

condition, t(39) = 3.25, p = .002 but not sham, t(39) = 1.21, p = 0.24. Further, effect

size calculations revealed a larger effect size in the active condition (dz = 0.51) than sham

(dz = 0.19). These results provide preliminary support for the conclusion that active tDCS

to the VLPFC is associated with decreases in subclinical paranoia.

Discussion

The current study tested whether single-session stimulation of VLPFC, a neural region

known to modulate amygdala activity, would result in decreased paranoia in healthy

individuals. While results were somewhat modest, paranoia decreased significantly

following active stimulation and not following sham stimulation. Thus, this provides

preliminary evidence that tDCS to the VLPFC may be a viable treatment for reducing

paranoia in subclinical populations. Given that tDCS appears to improve negative
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symptoms (Aleman, Enriquez-Geppert, Knegtering, & Dlabac-de Lange, 2018) and

hallucinations (Yang et al., 2019) in schizophrenia, it is also possible that the current

results would extend to clinical levels of paranoia aswell, though future investigations are

needed.
The current findings require replication with larger samples, additional measures of

paranoia and assessment of potentially related states such as depression and anxiety.

Methodological changes should also be tested. Specifically,while an effectwas found here

using only a single stimulation, repeated stimulation may produce more robust results

(Kim et al., 2019). The optimal lag between stimulation and testing has also been called

into question (for a review, see Kostova, Cecere, Thut, &Uhlhaas, 2020), and it is possible

that testing either during, or immediately after, stimulation may have resulted in more

pronounced findings. The optimum duration and dose of stimulation are also currently
unclear (Brunoni et al., 2012), as is the full mechanism of tDCS to the VLPFC. Since we

were aiming to reduce activity of the amygdala, a deep brain structure, by stimulating its

regulatory region (VLPFC), it is necessary to utilize functional neuroimaging to ensure our

proposed mechanism is working as predicted. Finally, PS scores at stimulation visits

remained elevated relative to normative data (Fenigstein & Vanable, 1992), but were

somewhat lower than those obtained at screening. Replicating the study with healthy

individuals endorsing even more paranoia would extend the current findings to the fuller

spectrum of subclinical paranoia.
Despite these considerations, this study is the first to specifically target paranoia via

tDCS. We observed moderate reductions in paranoia following active stimulation to the

VLPFC suggesting that tDCSoffers promise as a treatment for paranoia. The current results

also provide tentative, indirect support for the proposed interactions betweenVLPFC and

amygdala as amechanism for paranoia. Continued investigationwith both subclinical and

clinical samples is warranted.
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(2013). The structure of paranoia in the general population. British Journal of Psychiatry, 202,

419–427. https://doi.org/10.1192/bjp.bp.112.119032
Brunoni, A., Nitsche, M., Bolognini, N., Bikson, M., Wagner, T., Merabet, L., . . . Fregni, F. (2012).

Clinical research with tDCS: Challenges and future directions. Brain Stimulation, 5(3), 175–
195. https://doi.org/10.1016/j.brs.2011.03.002

Combs, D. R., & Penn, D. L. (2004). The role of subclinical paranoia on social perception and

behavior. Schizophrenia Research, 69(1), 93–104. https://doi.org/10.1080/13546805.2013.
766595

Fenigstein, A., & Vanable, P. A. (1992). Paranoia and self-consciousness. Journal of Personality and

Social Psychology, 62(1), 129–138. https://doi.org/10.1037/0022-3514.62.1.129
Kim, J., Iwata, Y., Plitman, E., Caravaggio, F., Chung, J. K., Shah, P., . . .Gerretsen, P. (2019). A meta-

analysis of transcranial direct current stimulation for schizophrenia: “Ismore better?”. Journal of

Psychiatric Research, 110, 117–126. https://doi.org/10.1016/j.jpsychires.2018.12.009
Kostova, R., Cecere, R., Thut, G., & Uhlhaas, P. J. (2020). Targeting cognition in schizophrenia

through transcranial direct current stimulation: A systematic review and perspective.

Schizophrenia Research, 220, 300–310. https://doi.org/10.1016/j.schres.2020.03.002
Martin, J. A.,&Penn,D. L. (2001). Social cognition and subclinical paranoid ideation.British Journal

of Clinical Psychology, 40(3), 261–265. https://doi.org/10.1348/014466501163670
Monk, C. S., Telzer, E. H., Mogg, K., Bradley, B. P., Mai, X., Louro, H. M. C., . . . Pine, D. S. (2008).

Amygdala and ventrolateral prefrontal cortex activation to masked angry faces in children and

adolescents with generalized anxiety disorder. Archives of General Psychiatry, 65, 568–576.
https://doi.org/10.1001/archpsyc.65.5.568

Pinkham,A. E.,Hopfinger, J. B., Ruparel, K.,&Penn,D. L. (2008). An investigation of the relationship

between activation of a social cognitive neural network and social functioning. Schizophrenia

Bulletin, 34, 688–697. https://doi.org/10.1093/schbul/sbn031
R€ossler, W., Riecher-R€ossler, A., Angst, J., Murray, R., Gamma, A., Eich, D., . . . Gross, V. A. (2007).

Psychotic experiences in the general population: A twenty-year prospective community study.

Schizophrenia Research, 92(1–3), 1–14. https://doi.org/10.1016/j.schres.2007.01.002
Samani, M. M., Agboada, D., Jamil, A., Kuo, M. F., & Nitsche, M. A. (2019). Titrating the neuroplastic

effects of cathodal transcranial direct current stimulation (tDCS) over the primarymotor cortex.

Cortex, 119, 350–361. https://doi.org/10.1016/j.cortex.2019.04.016
Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., . . . Dunbar, G. C.

(1998). The Mini-International Neuropsychiatric Interview (M.I.N.I.): The development and

validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. Journal of

Clinical Psychology, 59(20), 22–33.
Yang, F., Fang, X., Tang, W., Hui, L., Chen, Y., Zhang, C., & Tian, X. (2019). Effects and potential

mechanisms of transcranial direct current stimulation (tDCS) on auditory hallucinations: Ameta-

analysis. Psychiatry Research, 273, 343–349. https://doi.org/10.1016/j.psychres.2019.01.059

Received 11 November 2020; revised version received 8 April 2021

6 Cassi R. Springfield et al.

https://doi.org/10.1016/j.neubiorev.2018.02.009
https://doi.org/10.1113/jphysiol.2012.249730
https://doi.org/10.1113/jphysiol.2012.249730
https://doi.org/10.1192/bjp.bp.112.119032
https://doi.org/10.1016/j.brs.2011.03.002
https://doi.org/10.1080/13546805.2013.766595
https://doi.org/10.1080/13546805.2013.766595
https://doi.org/10.1037/0022-3514.62.1.129
https://doi.org/10.1016/j.jpsychires.2018.12.009
https://doi.org/10.1016/j.schres.2020.03.002
https://doi.org/10.1348/014466501163670
https://doi.org/10.1001/archpsyc.65.5.568
https://doi.org/10.1093/schbul/sbn031
https://doi.org/10.1016/j.schres.2007.01.002
https://doi.org/10.1016/j.cortex.2019.04.016
https://doi.org/10.1016/j.psychres.2019.01.059

