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The goals of the present Review are (I) to discuss some preliminary definitions about rumination and

Counter-Factual Thoughts according to current literature; (II) to discuss the results presented by Alleart

and colleagues and other tDCS studies concerning rumination; and (III) to discuss the implications of these

findings regarding other psychiatric conditions, such as Borderline personality Disorder.

 

First, to best understand the relevance of results provided by Alleart et al, we briefly summarize the

rumination concept and its clinical importance in psychiatric disorders. Among different emotion-regulation

strategies, rumination refers to a repetitive, recurrent, and uncontrollable negative style of

thinking [1] about selfness, feelings, personal concerns, and upsetting experiences[2] i.e, a distorted

cognitive process described as adysfunctional coping strategy strictly linked to emotion regulation and

metacognition [3]. Ruminative thoughts critically occur in a plethora of psychiatric disorders such as mood,

anxiety, personality, eating, and substance use disorders [4]: in this scenario, maladaptive ruminations

could be interpreted as a transdiagnostic pathological mediator of mental health vulnerability and outcome

of psychopathology [3] [5]. More precisely, rumination can exacerbate psychopathology, magnifying current

negative mood states (such as sadness and anger) through the amplification of vicious repetitive cycles

between negative mood and negative cognition [6], then interfering with successful problem-solving and

leading to a reduced sensitivity to change [7]. Neurobiologically, rumination seems to be related to

deficiencies in top-down executive control process in term of a decreased activation of the prefrontal

cortex, particularly of the dorsolateral prefrontal cortex (DLPFC) [8] [9]. Moreover, at cognitive level, the

relationship between recurrent negative thinking and altered cognitive control [10] seems to be mediated

by distortion of different processes such as working memory [11] and attention [12].

Counter-Factual Thoughts (CFT) are mental representations of alternatives to past events, actions, or

states [13]. Deficiencies in CFT are related to difficulties in behavioral and affective modulation, disturbing

the normal decision-making process. This style of thinking is more evident especially in patients suffering

from psychiatric disorder, in which rumination rates are higher. Although rumination and CFT are

conceptually discrete, some Authors observed that dysfunctional CFT could be the fodder for rumination,
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thus leading to greater levels of depressive and anxious states [13].

In this context, since Non-Invasive Brain Stimulation (NIBS) was found to improve cognition both in healthy

subjects [14] and in psychiatric disorders[15], Alleart and colleagues highlighted the potential effects of

tDCS intervention improving rumination and CFT by enhancing DLPFC activity in healthy volunteers[16].

Based on the premise that rumination-prone individuals are more frequently experiencing CFT and

regret, the goals of the present study were (I) to investigate whether anodal tDCS over the left DLPFC

momentarily attenuates CFT and regret, and (II) to explore psychophysiological correlates (skin

conductance and heart rate) of tDCS effect in response to varying choice outcomes related to goal

progress. The study involved eighty female healthy individuals and consisted of one 20-min tDCS session

(2 mA) in which direct current was delivered targeting the left DLPFC (F3) with anodal stimulation coupled

with cathodal right OFC (Fp2) stimulation. An adaptation of the Devil’s task, originally designed to assess

risk preferences through choices made in a switch-pulling game, was performed to evaluate tDCS influence

on decision-making process. Authors observed that, among rumination-prone individuals, anodal (versus

sham) tDCS was associated with decreased CFT and attenuated psychophysiological reactivity to

differential choice outcomes. Conversely, among low rumination-prone individuals, anodal (versus sham)

tDCS was associated with both increased CFT and regret, but in absence of any effects on

psychophysiological reactivity. The Authors argued that habitual inclination towards self-critical rumination

was a leading factor accounting for DLPFC stimulation effects both on CFT and regret. Furthermore, self-

critical rumination tendency also plays a crucial role when investigating the effects of tDCS intervention on

psychophysiological measurements. In fact, prefrontal anodal left stimulation was found to attenuate skin

conductance reactivity to the various choice outcomes exclusively among individuals prone to self-critical

rumination. In other words, the Authors speculated that, in rumination-inclined individuals, anodal tDCS

could decrease emotional arousal as indicated by CFT attenuation and by reduced pyshiological

responsiveness. Moreover, anodal left tDCS was found to modulate differential reactivity of heart rate in

rumination-prone individuals.

At biological level, this is in line with other tDCS studies in which neural correlates of ruminative thoughts

improvements induced by tDCS seemed to be exerted on the modulation of left DLPFC activity, i.e., an

increased left prefrontal cortical perfusion after MRI scan [17]. Intriguingly, tDCS effects on ruminations

becomes evident even only through the application of a single tDCS session, unlike what is expected to

detect changes in mood [17].

Recently, the growing interest of tDCS application on rumination was debated in a systematic review,

including 9 original sham-controlled studies [18]. Of notice, only two studies comprised clinical samples, i.e.

GeneralizedAnxiety Disorder [19] and Major Depressive Disorder [20], while the others relied on healthy

volunteers. Summing up, it was showed that five out of the nine studies reported significant alleviation of

rumination by tDCS: particularly, anodal stimulation of left DLPFC significantly reduced state rumination, as

compared to sham stimulation [17] [21], while bihemispheric tDCS-montage (anodal right coupled with

cathodal left DLPFC) was found to increase state rumination, as compared to the opposite tDCS-montage
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and sham stimulation [22]. Regarding electrodes placement, it was found that anodal stimulation was

mostly applied over the left DLPFC (eight out of nine studies), confirming previous observations about

prefrontal cortex involvement in rumination process. As stated by Hoebeke et al. (2021) [18], beyond

protocols and stimulation parameters heterogeneity, the main limitation of the current literature is the lack

of studies assessing the efficacy and the longitudinal effects of repeated tDCS sessions in clinical

ruminative-prone populations.

Nevertheless, since ruminations could be described as a major cognitive-affective thought process that,

with a transdiagnostic value, predispose to development and maintenance of psychiatric disorders, it could

be argued that rumination represents an important emerging line of research for neurostimulation

interventions, demonstrating how these techniques may act by modulating emotion and affective states

influence exerted on different cognitive processes. In this context, an intriguing example is the modulation

of the Cognitive Control Network (CCN), a regulatory system that controls the operation of cognitive and

emotional systems to enable the individual to accomplish goals [23]. Since cognitive control impairments

are widely observed in psychiatric disorders, contributing deficient daily functioning [24], and given that the

DLPFC is a key node of the CCN, one could argue that neuromodulation interventions on this brain region

could represent an interesting approach for treatment of psychiatric disorders, thus enhancing cognitive

control and contributing to efficacious emotion regulation strategies (such as reappraisal, suppression, and

rumination) by the modulation of aversive or irrelevant affective material [25] [26] [27] [28].

Among psychiatric disorders, in addition to cognitive control improvements observed in ruminant

depressed patients [29], an emerging interest concerns tDCS application in Borderline Personality Disorder

(BPD). Given the notion that emotion regulation disturbance is the primarily core feature of

BPD [30], rumination, in turn, represents one of the principal dysfunctional affective strategies [31][32].

Hence, filling the gap between emotion and behavioral dysregulation, the Emotional Cascade Theory posits

that aversive emotional states induce ruminations, which in turn increase the intensity of emotional

distress through vicious ruminative cycles, until dysregulated behaviors are engaged to down-regulating

emotional distress, distracting attention from aversive affects [33]. Thus, negative outcomes of rumination

are associated with clinical manifestations of BPD, such as compensatory impulsive behaviors, including

non-suicidal self-injury and aggressive conducts, binging on food, substance abuse [34]. Particularly, anger

and depressive ruminations were found to be significantly associated to aggression and self‐harming

proneness, respectively [35].

In this context, a rising number of tDCS studies in BPD, albeit characterized by heterogeneous protocol

designs, have demonstrated innovative evidence of efficacy in the modulation of impulsive-aggressive

behaviors and anger [36], as well as in executive dysfunctions, emotional dysregulation, and emotional

processing [37], leading the Authors to conclude that DLPFC stimulation may act by enhancing prefrontal

activity through cognitive control empowerment and down-regulating subcortical hyperactivity. Moreover,

it should be noted how these substantial results were obtained through the applications of repeated tDCS

sessions, while other studies on the cognitive control of affective states and consisting of a single daily
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session, did not clearly confirm these results [38] [39].

In conclusion, although tDCS literature in the field of ruminations has involved so far a limited number of

clinical populations, we believe that it would be worthwhile to plan targeted interventions in BPD patients

to improve the dysfunctional process of anger and depressive ruminations, with the aim of boost cognitive

control over dysregulated emotions and, therefore, over related dysfunctional behavior.
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