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Abstract

Background. Schizophrenia is a multifactorial disorder with a range of risk factors. Dysregula-
tion in the systems involved in the stress response is a key component of its pathophysiology.
Individuals at risk of developing schizophrenia exhibit hyperreactivity to stress and altered
cognitive performance, both known as vulnerability markers. This study aims to determine
whether stimulation of the prefrontal cortex can reduce reactivity to stress in unaffected siblings
of patients with schizophrenia.
Methods. In a randomized, sham-controlled trial, 27 participants were assigned to receive either
active (n = 14) or sham (n = 13) transcranial direct current stimulation (tDCS) over the
prefrontal cortex for 30 min during exposure to an acute stressor. The stress response was
measured biologically, via salivary cortisol levels, and cognitively, through a reality monitoring
task, which serves as an intermediate cognitive vulnerability marker.
Results. In contrast to the sham condition, active stimulation significantly reduced cortisol
release in response to stress (F(9,216) = 1.972; p = 0.04) and prevented stress-induced impairment
in reality monitoring (F(1,23) = 9.954; p = 0.004).
Conclusions. These findings suggest that tDCS should be a promising tool for reducing stress-
induced biological and cognitive reactivity in a population at risk of schizophrenia.

Introduction

Schizophrenia accounts for a significant proportion of the global burden of mental disorders in
terms of years lived with disability, despite its relatively low prevalence [1]. Although the etiology
of schizophrenia remains incompletely understood, there is an increasing body of evidence
indicating a multifactorial pathology involving both environmental and genetic components.
The role of genetics has been highlighted by the progressive increase in the risk of developing the
disease with the genetic proximity of an individual to a patient [2]. Siblings of patients are
therefore considered to be at an elevated risk, displaying a tenfold increase in the likelihood of
developing schizophrenia compared to the general population. They also exhibited reduced
cognitive performance at an intermediate level between the deficits observed in patients and the
performance observed in healthy individuals. Deficits have been observed in a range of broad
cognitive domains, such as workingmemory, attention, and executive function [3–6], as well as in
specific cognitive processes associated with psychotic symptoms, such as reality monitoring.
Reality monitoring is a cognitive process that enables individuals to differentiate between
memories of imagined events and memories of perceived real events [7, 8].

However, the heritability of schizophrenia is limited to 80% [9], thereby suggesting the
presence of non-genetic risk factors. In this regard, the neural diathesis-stress model of schizo-
phrenia posits that, in addition to the neurodevelopmental part, the interplay between genetic
vulnerability and environmental stressors is responsible for the triggering of neurodegenerative
processes, which in turn increase the risk of developing this pathology [10]. Indeed, evidence
indicates an association between stress exposure and increased risk of schizophrenia, particularly
in vulnerable populations [11–13].

Alterations in the systems involved in the stress response [14–19], particularly in the activity
of the hypothalamic–pituitary–adrenal (HPA) axis, the main effector of the stress response [20],
have been frequently reported in patients with schizophrenia. The basal concentrations of
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cortisol, a reliable marker of HPA axis activation, have been found
to be systematically increased in patients with first-episode psych-
osis or established schizophrenia [21, 22], as well as in clinical high-
risk individuals with attenuated symptoms [23]. Abnormalities
have also been observed in the HPA axis stress reactivity. Patients
with schizophrenia or first-episode psychosis exhibited diminished
reactivity, as evidenced by reduced cortisol release [21, 24], whereas
individuals with prodromes showed HPA axis hyperreactivity,
characterized by exaggerated cortisol release [25, 26]. Remarkably,
hyperreactivity to stress has also been reported in unaffected first-
degree relatives of patients with schizophrenia [18, 27], suggesting
that hyperreactivity could be an endophenotype of schizophrenia.
Moreover, altered brain network dynamics during stressful situ-
ations have recently been documented in siblings of patients
[28]. These impairments would reflect the interactions between
genes and the environment, positioning the activation of stress
effector systems such as the HPA axis as a core component of the
physiopathology of schizophrenia [10].

Among the brain regions involved in the regulation of the stress
response, the prefrontal cortex exerts an inhibitory influence on the
HPA axis through indirect neuronal connections [29]. However,
stress can disrupt the functioning and integrity of the prefrontal
cortex [30]. Recent studies have suggested that stimulation of the
prefrontal cortex using non-invasive brain stimulation techniques,
such as transcranial direct current stimulation (tDCS), can reduce
stress-related cortisol release in healthy individuals, thereby rein-
forcing the prefrontal cortex’s regulatory influence over the HPA
axis [31]. tDCS is a promising tool that delivers a weak electric
current, modulating the activity of cortical regions beneath the
stimulation electrodes [32–34] and interconnected brain regions
with the stimulated area [35]. Additionally, prefrontal cortex stimu-
lation with tDCS has been demonstrated to modulate cognitive
processes, including working memory [36] and reality monitoring
[37]. The repeated application of tDCS has been associated with
improvements in various symptoms across different pathologies,
particularly in patients with schizophrenia and depression [38]. It
has been postulated that these beneficial effects on stress-related
disorders may be mediated by the impact of the prefrontal cortex
(PFC) stimulation on the HPA axis activity [39]. This brain region
is therefore a prime target for reducing the stress response in
individuals with dysfunctional stress response systems. In siblings
of patients with schizophrenia, enhancing prefrontal cortex activity
could help restore inhibitory control over an exacerbated response,
the latter being a potential contributor to the physiopathology of
this disorder.

In this context, we aimed to evaluate the physiological and
behavioral effects of stimulating the PFC using tDCS in first-degree
relatives of patients with schizophrenia when confronted with an
acute stressful situation. We hypothesized that active PFC stimu-
lation, compared to sham stimulation, would prevent the effects of
stress, and that we would be able to measure these effects at two
different levels: (i) a physiological level by restraining the stress-
induced release of cortisol, the end product of the HPA axis, and
(ii) a cognitive level by preventing stress-induced changes in reality
monitoring performances, which are known to be affected by acute
stress exposure [40, 41].

Methods

Participants

We conducted a randomized, sham-controlled, triple-blind trial
involving 28 participants. The participants were first-degree

relatives, unaffected siblings of patients diagnosed with schizophre-
nia, aged between 18 and 30 years. Exclusion criteria were: a current
diagnosis or history of a psychiatric (interview with a psychiatrist),
somatic or neurological disorder; current anymedication treatment
(excluding contraception); pregnancy or breastfeeding; and contra-
indications to tDCS (including head trauma, metal implants in the
head, history of stroke, or unexplained loss of consciousness).

Participants were randomly assigned to receive either a sham or
active tDCS session (randomization ratio of 1:1 with varying block
sizes, 2, 4, and 6). The sample size was calculated a priori to have
80% power with a hypothesized 35% elevation of cortisol in the
active group and 80% in the sham group, based on the results of a
previous study in 30 healthy volunteers using the same design and
outcomes [42]. Due to missing data (insufficient saliva in 8 out of
the 10 collected samples), a participant was not included in the
analysis. The final analysis sample consisted of 27 participants,
14 in the active group and 13 in the sham group. To minimize
the influence of sex hormones, females were included during the
first phase of the menstrual cycle.

The participants were recruited from the siblings of patients
who were hospitalized at Le Vinatier Hospital (Bron, France)
between 2019 and 2023. All participants gave written informed
consent before taking part in this study. This study complied
with the Declaration of Helsinki for trials involving human partici-
pants and has received approval from a local ethics committee
(Comité de Protection des Personnes Est IV, France, A00850, on
April 10, 2017). The study protocol was pre-registered on a public
database (https://clinicaltrials.gov/, NCT03217357, on July 5, 2017).

Overview of the experimental procedure

All experimental sessions took place in the morning, with partici-
pants arriving at 8:30 am. To minimize inter-individual variations
associated with the nychthemeral cortisol cycle, the stress induction
protocol began between 10:30 and 11 am for all participants. Upon
arrival at the laboratory, participants completed a series of self-
report questionnaires, which were followed by a computerized
reality monitoring task. An initial saliva sample was then collected
as the basal sample. Subsequently, a 30-min tDCS session was
initiated, followed by the beginning of the instruction and antici-
pation phase of the MAST protocol, as done in a previous study
conducted with healthy volunteers [42]. Six saliva samples were
collected at 5-min intervals during the tDCS session (Figure 1).
After the stimulation period, three additional samples were col-
lected at 15-min intervals while participants filled in the self-report
questionnaires and the computerized reality monitoring task a
second time.

Transcranial direct current stimulation

The tDCS was administered using a DC-plus Stimulator (Neuro-
Conn GmbH, Germany). The current was delivered through two
3 × 3 cm electrodes. Because of the key role of the PFC in stress
regulation [29, 30], the electrodes were placed following the 10/20
international EEG electrode placement system, with the anode over
F3 and the cathode over F4 (corresponding to the left and right
PFC, respectively). A conductive paste (Ten20, Weaver and Com-
pany, USA) was applied to the surface of the electrodes in contact
with the skin. Stimulation was administered for 30 min at 2 mA,
with a 30-s ramp-up and ramp-down periods. The stimulation
parameters (30 min, 2 mA) and electrode montage were selected
based on our previous studies, in which tDCS not only reduced
stress reactivity in healthy volunteers [42], but also improved
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cognition [43] and alleviated symptoms in patients with major
depression [44]. Sham stimulation consisted of applying a 2-mA
current only during the first minute of the stimulation period (with
30 s ramp up/ramp down). Blinding was ensured using the “Study
Mode” of the tDCS device, which allows the entry of an individual’s
five-digit code corresponding to either active or sham stimulation.
The device then delivers the stimulation (active or sham, based on
the code) without the knowledge of the person administering the
stimulation or the participant. Each code was assigned to a partici-
pant by a third party, thus ensuring blinding of participants,
experimenters, and statisticians.

Stress induction protocol

Stress was induced using an adapted version of the Maastricht
Acute Stress Test (MAST, [45]), which combines psychogenic
and physical stressors that we previously used in a study with
the same design [42]. After 5 min of anticipation, during which
the experimenter informed the participant that the stress expos-
ure was imminent, the participant was subjected to alternating
periods of different durations of both hand immersion in water
at 8 °C, which constituted a physical stressor, and mental
arithmetic, which constituted a psychogenic stressor, for
10 min (see Figure 1 for details of the period’s duration). The
order of presentation and the duration of the physical and
mental stressors were the same for each subject, while the
participants were not informed of the duration of each
sequence. During the mental arithmetic periods, participants
were required to perform subtractions (e.g., counting backward
from 3125 in steps of 17) in the quickest possible time without
making any mistakes. Whenever they hesitated or made a

mistake, the experimenter provided negative feedback and
restarted the trial from the beginning.

Reality monitoring

Reality monitoring performance was assessed before and after the
stress protocol using a computerized version of the task previ-
ously developed and validated in the lab [46]. The task consisted
of a presentation phase immediately followed by a test phase. In
the presentation phase, 16 words were displayed on a computer
screen in a sequential order for a duration of 3 s each, with each
word preceded by an instruction presented for 3 s. The instruc-
tions were either to “Imagine hearing the following word” for half
of the words or to “Listen to the following word” for the other half.
In the subsequent test phase, participants were presented with
24 words in succession, including the 16 words from the presen-
tation phase (8 imagined and 8 heard) and 8 new words. Parti-
cipants were asked to determine the source of each word
(i.e., “Imagined,” “Heard,” or “New”). To acquaint themselves
with the task requirements and to ensure proper understanding
of the instructions, all participants completed a short training
session prior to the main task. Two distinct lists of 24 words were
used to avoid any learning effect between the pre- and post-stress
and stimulation assessments.

Outcomes

The primary outcome used to assess the reactivity to stress was
cortisol levels, which were estimated by measuring salivary cortisol
concentration. Salivary cortisol is a reliable marker of cortisol
variations observed in the blood [47], thus allowing us to avoid

Figure 1. Variations in cortisol concentrations during the experimental protocol. The timing of the collection of salivary samples was noted in relation to the onset of the
stimulation (tDCS) and stress (MAST) periods (T0). The repeated-measures ANOVA revealed a significant interaction between Time and Group. Themean cortisol levels increased to
241% of the basal level in the active group, as compared to 385% in the sham group. MAST protocol = Maastricht Acute Stress Test, which includes the Hand Immersion Test (HIT) in
8°C cold water and Mental Arithmetic (MA) stress tasks and their duration. *p < 0.05 (T+25 and T+40).
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the stress associated with blood sampling. A total of 10 saliva
samples were collected throughout the course of the experiment
to monitor the kinetics of cortisol release. Saliva was sampled using
Salivettes® (Sarstedt, Germany). The Salivettes were then centri-
fuged and stored at �20 °C until analysis. Cortisol levels were
determined by liquid chromatography coupled with tandem mass
spectrometry relative to reference values [48].

Stress reactivity was also assessed by cognitive measures, com-
paring reality monitoring performance before and after the period
of stress and stimulation. Reality monitoring performance was
assessed as the total number of correct responses for each task
condition: imagined words (range 0–8), heard words (range 0–8),
and new words (range 0–8).

Finally, schizotypal personality was assessed at baseline using
the Schizotypal Personality Questionnaire (SPQ) [49] to control
this parameter, which could influence cortisol levels. The level of
depressive symptoms was assessed using the 13-item self-reported
Beck Depression Inventory (BDI) [50].

To assess the safety of tDCS in siblings of patients with schizo-
phrenia, participants were asked to report any side effects they had
experienced, based on the criteria established by Antal and col-
leagues [51]. Moreover, they rated the potential pain associated
with the electrical current application using a visual analog scale.
Blinding was assessed at the end of the session by both the experi-
menter and the participants (guessing method).

Statistical analyses

All statistical analyses were performed using JASP (version 0.16.03,
JASP team, 2022). Distribution normality and homogeneity of
variances assumptions were controlled with the Shapiro–Wilk test
and Levene’s test, respectively. Baseline sociodemographic and
clinical characteristics, as well as tDCS safety data of both groups,
were compared using Fisher’s exact tests for qualitative variables,
and bilateral Student’s t-test or Mann–Whitney U test for quanti-
tative variables. A Welch correction was applied when a deviation
from the assumption of equal variance was detected.

As primary analysis, we conducted a repeated-measure analysis
of variance (rmANOVA) on cortisol concentration with Time
(10 time points corresponding to the 10 saliva samples) and Group
(active, sham) as factors. Age was introduced as a covariate in the
analysis. Missing cortisol data (insufficient quantities of saliva to
measure cortisol) were imputed using spline interpolation.

To evaluate the effects on reality monitoring performance, a
rmANOVA was performed on the number of correct responses,
with Time (pre- and post-stimulation) and Task Condition (hear,
imagine, or new) as within-subject factors, and Group (active,
sham) as a between-subject factor.

The alpha level was set at .05, and partial eta squared (ηp
2) was

reported as the measure of effect size.

Results

Active and sham groups were comparable at baseline concerning
socio-demographic and clinical characteristics (Table 1).

tDCS effects on cortisol release

The rmANOVA revealed a significant main effect of Time
(F(9,216) = 2.174; p = 0.025; ηp

2 = 0.083) and a significant interaction
between group and time (F(9,216) = 1.972; p = 0.044; ηp

2 = 0.076)

(Figure 1). No significant effect of age (F(1,24) = 4.063; p = 0.055;
ηp

2 = 0.145), group (F(1,24) = 2.651; p = 0.117; ηp
2 = 0.099), or Time

× Age interaction (F(9, 216) = 1.509, p = 0.146, ηp
2 = 0.059) was

observed. Post-hoc comparisons were conducted between the
active and sham groups at each time point to further examine the
significant Time × Group interaction. Significant differences in
cortisol elevation were observed at time points 7 (T+25) and
8 (T+40), with the active group showing lower cortisol increases
than the sham group (Mean Difference = �8.385, SE = 2.670,
t = �3.140, p = 0.002, Cohen’s d = �1.285 for time point 7; Mean
Difference = �6.422, SE = 2.670, t = �2.405, p = 0.019, Cohen’s
d = �0.984 for time point 8). No other time points showed
statistically significant differences (all pcorr < 0.05). The mean
cortisol levels increased to 241% of the basal level in the active
group, as compared to 385% in the sham group (Figure 1).

tDCS effects on reality monitoring

Two participants were excluded from these analyses due to missing
data, resulting in 25 participants, divided between the active
(n = 13) and sham (n = 12) groups.

The rmANOVA revealed a significant interaction between Time
and Group (F(1,23) = 9.954; p = 0.004; ηp

2 = 0.302; Figure 2), and a
significant interaction between Task and Group (F(2,46) = 3.349;
p = 0.044; ηp

2 = 0.127). No significant interactions were observed
between Time and Task (F(2,46) = 1.931; p = 0.16; ηp

2 = 0.077) and
between Time, Group, and Task (F(2,46) = 0.953; p = 0.39;
ηp

2 = 0.040). The rmANOVA revealed a significant main effect of
Task (F(2,46) = 45.317, p < 0.001, ηp

2 = 0.663). No significant main
effects were found for Time (F(1,23) = 1.741, p = 0.200, ηp

2 = 0.070)
or Group (F(1,23) = 0.002, p = 0.964, ηp

2 = 0.0001).
Post hoc analyses for the interaction between Time and Group

indicated a significant reduction in the number of correct responses
between pre- and post-stimulation in the sham group (Mean
Difference = 0.750, SE = 0.242, t = 3.102, Cohen’s d = 0.552,
p = 0.005; Figure 2). The active group showed no statistically
significant change in performance over time (Mean Differ-
ence = �0.308, SE = 0.232, t = �1.325, Cohen’s d = �0.227,
p = 0.198). Findings suggested that active tDCSmay prevent stress-
induced effects on reality monitoring performance. This effect
seems driven by a 22% decrease in the recognition of imagined
words in the sham group (8% for heard words), whereas a 5%
increase in performance was observed in the active group (14% for
heard words).

Table 1. Sociodemographic and clinical data of the participants

Active group Sham group

p-ValueMean (SD) n Mean (SD) n

n total 14 13

Age (years) 22.3 (3.4) 24.7 (3.4) 0.09

Sex (F/M) 11/3 9/4 0.67

Laterality (R/L) 11/3 13/0 0.22

Education (years) 14.6 (2.7) 14.6 (2.7) 0.94

BDI13 3.6 (3.6) 2.4 (2.3) 0.33

SPQ 12.1 (10.5) 12.4 (7.9) 0.93

Abbreviations: BDI13, Beck Depression Inventory; SD, standard deviation; SPQ, Schizotypal
Personality Questionnaire; p values, Fisher’s exact test (sex and laterality) and Student’s t-test
for other variables.
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Safety and blinding

Stimulation was well tolerated by all participants, with mild dis-
comfort reported in both groups during application. Self-reported
pain induced by tDCS, assessed on a Visual Analog Scale (VAS)
from 0 to 10, showed no significant difference between the groups:
the sham group reported an average pain level of 3.8 (SD = 3.2),
while the active group reported an average of 2.8 (SD = 2.8)
(p = 0.38). Similarly, no significant difference was observed in the
frequency of tDCS-related side effects between the groups
(p = 0.33).

Regarding blinding, neither the participants (log OR = �0.54,
p= 0.71) nor the experimenters (logOR=�1.64, p= 0.07) were able
to correctly identify the stimulation condition to which the partici-
pant had been subjected.

Discussion

This randomized sham-controlled study investigated the impact of
bifrontal tDCS on stress reactivity in unaffected siblings of patients
with schizophrenia. To the best of our knowledge, this is the first
study to investigate this paradigm in a population at risk of psych-
osis, which is thought to present an exaggerated response to stress.
A single session of tDCS over the prefrontal cortex (PFC) delivered
during acute stress resulted in a reduction in stress-induced cortisol
release and cognitive changes in participants who received active
stimulation compared to those who received sham stimulation.
These findings suggest that tDCS may attenuate both biological
and cognitive responses to stress, which are known to be hyper-
active in people at risk for schizophrenia. For example, in a com-
parable study using tDCS during stress exposure with the MAST
protocol conducted in healthy volunteers [42], we observed a mean
increase in cortisol of 179.8% in the sham group and a 138.5%

increase in the active group. In contrast, in the current study
conducted in unaffected siblings of patients with schizophrenia,
we observed a 385% increase in cortisol in the sham group and a
241% increase in the active group, in support of the hypothesis of
stress hyper-responsiveness in this population (see Figure 1).

The observed effects on cortisol release suggested that tDCSmay
enhance the inhibitory control of the prefrontal cortex over the
HPA axis stress reactivity in acute stress situations. These results are
consistent with lesion studies, which have identified the prefrontal
cortex as playing a crucial role in stress regulation [52], through
indirect inhibitory projections on the paraventricular nucleus of the
hypothalamus [29]. These findings are also consistent with other
noninvasive brain stimulation studies that have reported a reduc-
tion in stress-induced cortisol release following a single session of
brain stimulation over the PFC in healthy volunteers [31]. In
stressful situations, the performance of executive functions is dis-
rupted [42, 53, 54], which also suggests an alteration in the activity
of the prefrontal cortex. This regionmight then no longer be able to
exert its inhibitory control over the HPA axis. Assuming that tDCS
may have increased the PFC excitability in the current study, the
inhibitory control of the PFC over the effector structures of the
stress response could be reinforced, exerting its influence from
the onset of stress. Our results suggested that this improved regu-
lation of the stress response would manifest itself in a reduced
release of cortisol by the HPA axis.

In addition to inhibiting stress-induced cortisol release, tDCS
appears to mitigate the adverse effects of stress on reality monitor-
ing. Indeed, a significant detrimental reduction in performance was
observed in the sham group following stress induction, whereas no
such reduction was observed in the active group. These findings are
in contrast with those of previous studies involving healthy parti-
cipants, which reported enhanced performance following stress
[40, 41]. The ambivalent effect of stress on reality monitoring in
healthy and at-risk individuals may also be explained by the timing
of stimulation to the task. This is evidenced by a previous study,
which reported decreased memory when stress was induced before
the encoding phase and improved memory when stress was
induced between the encoding and the retrieval phases [55]. Fur-
thermore, our results do not support the idea that stress specifically
impairs recognition of a particular type of source; rather, they
suggest a global deficit in reality monitoring. Notably, although
not statistically significant, we observed that stress may impair
recognition of imagined words more than heard words. These
results are consistent with previous studies reporting that acute
stress affects mental imagery [56] but not auditory perception
[57]. Moreover, our results indicated that active bifrontal tDCS
would prevent the detrimental effect of stress on realitymonitoring.
A recent review has highlighted the positive effects of prefrontal
stimulation on reality monitoring performance in healthy individ-
uals [37]. Indeed, the prefrontal cortex is considered a key region
for reality monitoring [58], and a reduction in its activity has been
associated with impaired reality monitoring performance in
patients with schizophrenia [59]. Consequently, the preservation
of reality monitoring observed after active bifrontal tDCS could be
attributed to the prevention of stress-induced alterations in pre-
frontal cortex activity, thereby sustaining the neural activation of
this region during the task. This perspective is of considerable
interest, given that these cognitive alterations have been associated
with symptoms of schizophrenia [60].

Improving the biological and cognitive stress response in
unaffected siblings of patients with schizophrenia is crucial, as
these individuals have elevated mean daily cortisol levels and an

Figure 2. Variations in realitymonitoring performances (number of correct responses).
There was a significant interaction between Time (pre- and post-stress) and Group
(active or sham tDCS). We observed a significant reduction in the number of correct
responses between pre- and post-exclusively in the sham group, regardless of the task
condition (imagined, heard, or new). **p < 0.01; ns, not significant.
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exaggerated cortisol response to acute stress [18, 61, 62]. Altered
cortisol levels have been repeatedly associated with an increased
risk of psychosis. Indeed, individuals at clinical risk of schizo-
phrenia exhibited increased cortisol levels at baseline and in
response to stress [23, 63]. Furthermore, individuals who devel-
oped psychosis had higher initial baseline cortisol levels than
those who remitted and controls [25]. By normalizing the stress
response of at-risk populations, it might be possible to prevent the
degenerative processes that are responsible for the onset of schizo-
phrenia and the worsening of symptoms. The diathesis-stress
model proposes that environmental stresses will alter the HPA
axis, as well as brain regions involved in regulating the stress
response [10]. The accumulation of these alterations to a breaking
point would then be responsible for the onset of the first symp-
toms. Acting on the systems involved in the stress response in
at-risk populations, such as siblings of patients, would therefore
appear to be the key to curbing these pathological mechanisms.
We chose to investigate these mechanisms in young adults, believ-
ing that they had not yet reached their peak risk for developing
schizophrenia and could therefore still benefit from the effects of
tDCS [64].

This study has some limitations that need to be emphasized.
Firstly, we included only siblings of patients, which precluded
comparison of stress response with a control group. Secondly,
although the sex distribution was balanced between the groups
(11 females and 3 males in the active group versus 9 females and
4 males in the sham group), it has been reported that sex may
influence stress response [65]. Given the limited sample size, we did
not conduct a subgroup analysis. However, the effects of this
intervention should be explored separately in these populations.
Finally, although the bifrontal model is thought to be able to reach
areas of the brain close to the electrodes, we have not been able to
verify which areas are actually affected by the stimulation. Further
studies combining tDCS, stress induction, and neuroimaging are
required to ascertain whether this region is indeed involved in
regulating the stress response. Moreover, the specific effect of the
bifrontal montage on stress response should be validated by com-
parison with other active control montages. Lastly, the timing
between the stress situation and the tDCS session appears to be a
critical factor. A recent review of the literature on this specific issue
[31] indicates that, for beneficial effects on cortisol release, stimu-
lation sessions must be delivered either before or during the stress
situation. Delivering a brain stimulation session after stress expos-
ure did not result in modulation of cortisol release. In our study, we
chose to administer tDCS during stress exposure [42]. Further
research exploring the effects of delivering tDCS before stress
exposure is warranted to better understand its potential as a pre-
ventive tool in real-life situations.

In conclusion, this study highlights the potential of tDCS as an
effective intervention to prevent exaggerated stress-induced corti-
sol release and protect against cognitive alterations induced by
stress in first-degree relatives of patients with schizophrenia. These
results offer new insights into the development of early intervention
strategies for individuals at risk for psychosis, who display hyper-
reactivity to stress, but also in people at risk for other psychiatric
conditions, where abnormal stress responses have been observed.
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