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Addiction is increasingly recognized as a disorder involving not only reward dysregulation but also alterations in core cognitive processes, including learning and memory. Although various studies have documented memory impairments in substance use and behavioral addictions, evidence remains inconsistent—particularly regarding verbal memory deficits and the diagnostic relevance of specific recall error types. This study investigated immediate and delayed verbal memory performance and error patterns in 515 individuals, including patients with stimulant use disorder, alcohol use disorder, cannabis use disorder, or gambling disorder, and a healthy control group. Participants completed a digitized neurocognitive screening battery, which provided not only global performance indices but also specific error metrics. ANCOVA models controlling for age and sex revealed significantly lower correct recall scores in stimulant, alcohol, and gambling disorder groups compared to controls, across immediate and delayed trials. Alcohol use disorder was associated with elevated intrusion errors—suggesting inhibitory and interference suppression deficits—while stimulant use was linked to increased repetition errors—suggesting impaired monitoring and impulsive retrieval. Gambling disorder mirrored the overall performance decline of substance-related disorders but did not exhibit elevated error rates, pointing to a partially distinct cognitive profile. These findings highlight the value of combining global performance measures with qualitative error analysis in the assessment of memory function in addiction. By differentiating between types of recall errors, clinicians may better identify disorder-specific cognitive signatures, supporting more refined diagnostics and intervention strategies. The results further support the applicability of advanced neurocognitive tools for neuropsychological assessment in psychiatry.
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Introduction

Addiction, whether driven by chronic substance use or compulsive behaviors, is increasingly conceptualized not only as a disorder of impulse control and reward dysregulation, but also as a condition rooted in the disruption of core cognitive processes (Hyman, 2005; Yücel et al., 2007; Verdejo-Garcia et al., 2019; Crivelli and Balconi, 2021)—including learning and memory. These dysfunctions involve the pathological over-encoding of drug- or behaviour-related cues, maladaptive reinforcement mechanisms, and reduced responsiveness to natural rewards (Torregrossa et al., 2011; Ngetich et al., 2024). Addiction thereby reflects an aberrant form of learning, in which environmental contingencies are misrepresented and memory systems are recruited to reinforce maladaptive behavioural repertoires.

From a cognitive neuroscience perspective, addiction-related alterations span both declarative and non-declarative memory systems. Declarative memory—especially episodic memory—plays a key role in autobiographical experience and decision-making, while non-declarative memory, such as procedural learning and conditioned responses, governs automatic behaviours and reinforcement learning (Dennis and Perrotti, 2015; Goodman and Packard, 2016). Both systems are known to be compromised by chronic exposure to addictive substances or compulsive behavioural patterns, as confirmed by neuroimaging and neuropsychological evidence (Hyman et al., 2006; Kutlu and Gould, 2016; Barman, 2023; Ngetich et al., 2024). The hippocampus, prefrontal cortex, and striatal circuits—regions central to encoding, consolidation, and retrieval—undergo structural and functional reorganization in the context of repeated drug use (Robbins et al., 2008; Kutlu and Gould, 2016; Goldfarb and Sinha, 2018). Moreover, impairments in synaptic plasticity and long-term potentiation, fundamental to learning mechanisms, have been documented in both substance-related and behavioural addictions (e.g., Bellone and Mameli, 2012; Alotaibi et al., 2024).

Relevant to the present discussion, substance-specific patterns of cognitive impairment have been observed. For instance, chronic stimulant use (e.g., cocaine, amphetamines) has been consistently associated with executive dysfunctions, particularly affecting working memory, attention, and decision-making (Ersche et al., 2006; Ersche and Sahakian, 2007; Verdejo-Garcia and Rubenis, 2020). Alcohol use disorder, in contrast, is often characterized by broad impairments in both declarative and non-declarative memory systems, as well as executive functions such as inhibitory control and planning (Bernardin et al., 2014; Petit et al., 2014; Sachdeva et al., 2016). THC (cannabis) use has been linked with disruption in hippocampal-dependent memory encoding and retrieval, especially among early-onset users (Lundqvist, 2005; Solowij et al., 2011; Meier et al., 2012; Di Ciano et al., 2025). MDMA users often show long-lasting verbal memory deficits due to serotonergic neurotoxicity in medial temporal structures (Gouzoulis-Mayfrank and Daumann, 2009; Wagner et al., 2013).

Critically, these neurocognitive deficits are not limited to substance use. Behavioural addictions—such as gambling disorder, internet addiction, and gaming disorder—also involve disruptions in memory and learning functions, with similar neural substrates affected (Volkow et al., 2010; Zhou et al., 2014; Yau and Potenza, 2015; Weinstein, 2017). Impairments in episodic memory, working memory, and cognitive flexibility are frequently reported, along with impulsive decision-making and maladaptive learning strategies (Potenza, 2014; Antons et al., 2020; Christensen et al., 2023). Gambling disorder, in particular, demonstrates cognitive biases in reward expectation and distorted learning from outcome feedback, which are associated with prefrontal and striatal dysfunctions (Brevers et al., 2013; Wyckmans et al., 2019; Asaoka et al., 2020; García-Castro et al., 2023).

Despite the above-noted theoretical and empirical groundwork, robust and consistent evidence for specific memory deficits—particularly in verbal memory—across addiction types remains limited. As noted in the meta-analysis by Abramovitch et al. (2021), while cognitive dysfunction appears to be a transdiagnostic feature across psychiatric disorders, the specificity and clinical relevance of these deficits vary considerably. Verbal memory impairments, though documented in many studies, are inconsistently observed across clinical cohorts and rarely analysed in detail. Furthermore, methodological heterogeneity—e.g., variations in sample composition, test selection, and analytic focus—limits the generalizability of findings.

In this context, a critical limitation of much of the existing literature is the predominant focus on total performance scores, which often fail to capture the qualitative dimensions of recall behaviour. This issue is partly rooted in the use of traditional cognitive tests in psychiatric settings which, when administered in a superficial or purely quantitative manner, typically yield only global performance indices (e.g., total correct responses), without accounting, as an example, for the type and pattern of errors made by the examinee. Such tools provide a coarse-grained view of cognitive functioning, limiting the ability to differentiate between underlying cognitive processes that may be selectively impaired. By contrast, more recent and structured neurocognitive assessment tools—such as the Battery for Executive Functions in Addiction (BFE-A; Balconi et al., 2022a)—have been specifically developed to offer a more detailed evaluation of cognitive performance. These tools systematically track multiple aspects of task execution, including temporal dynamics and error types, allowing for the computation of process-oriented performance indices.

This approach may help detecting of subtle yet clinically meaningful dysfunctions that would otherwise remain undetected using standard test batteries. Specific types of memory errors—such as intrusions, repetitions, or perseverative responses—might, indeed, reflect discrete cognitive impairments in inhibition, retrieval monitoring, or attentional filtering, and can provide diagnostic information that goes beyond raw performance levels. In keeping with a proper neuropsychological assessment approach, error typologies in neurocognitive testing may reveal disorder-specific patterns of dysfunction, improving clinical differentiation and tailoring of cognitive rehabilitation strategies.

Building on these insights, the present study aims to investigate verbal memory performance and error patterns across several addiction profiles—specifically, stimulant use disorder, alcohol use disorder, cannabis use disorder, and gambling disorder—relative to healthy controls. We used a digitalized neurocognitive screening battery to evaluate immediate and delayed recall performance, with a focus not only on overall memory accuracy but also on specific error types (e.g., intrusion and repetition errors). Our goal is to examine whether distinct addictions are associated with characteristic profiles of memory dysfunction, and whether analysing error typologies can enhance the specificity and clinical value of verbal memory assessments in neuropsychiatric contexts.

Based on the reviewed literature, we hypothesized that individuals showing substance-use disorder as well as gambling disorder would exhibit reduced performance in both immediate and delayed verbal recall compared to healthy controls. In addition to this primary hypothesis, we also expected to observe distinct patterns of recall errors in different addiction profiles, among which more frequent intrusion errors in individuals with alcohol use disorder, reflecting impaired inhibition and interference suppression. Yet, given the limited and inconsistent literature on qualitative aspects of memory in addiction, any hypothesis on error typologies were considered exploratory in nature, aimed at identifying potential disorder-specific cognitive signatures that extend beyond global performance measures.



Methods


Participants

The sample consisted of 515 individuals, divided into clinical and healthy subject (HS) cohorts. The HS cohort included 68 participants. The clinical cohorts comprised patients with a diagnosis of Substance Use Disorder (SUD) related to stimulants (Stim; e.g., cocaine, amphetamines, methamphetamine, MDMA), alcohol (Alc), cannabis/tetrahydrocannabinol (THC), or of Gambling Disorder (GD). Table 1 presents the sample size and sociodemographic characteristics of each cohort.

TABLE 1 Size and socio-demographic characteristics of the cohorts and of the total sample.


	Group
	Group size
	Sex—M/F (%)
	Age—Mean (SD); Range





	Stim
	240
	217 (90%)/23 (10%)
	40.5 (9.43); 18–68



	Alc
	48
	23 (48%)/25 (52%)
	45.2 (10.96); 18–60



	THC
	74
	61 (82%)/13 (18%)
	30.5 (9.93); 18–58



	GD
	85
	71 (83%)/14 (17%)
	42.6 (14.56); 18–77



	HS
	68
	23 (34%)/45 (66%)
	37.9 (13.50); 20–60



	Total sample
	515
	395 (77%)/120 (23%)
	39.5 (11.91); 18–77





Stim, stimulants SUD cohort; Alc, alcohol SUD cohort; THC, cannabis/tetrahydrocannabinol SUD cohort; GD, gambling disorder cohort; HS, healthy subjects cohort.




Inclusion criteria for the HS cohort were: age greater than 18 years; normal or corrected-to-normal vision and hearing. Exclusion criteria for this cohort included: a positive history of neurological or psychiatric disorders; recent or concurrent diagnosis of cerebrovascular events, moderate to severe traumatic brain injury, infectious or inflammatory diseases, neoplastic conditions, or neurodegenerative disorders; clinical instability within 48 h prior to the assessment session; non-compliance or other transient conditions that could compromise data quality; a diagnosis of SUD or GD based on the criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5; APA, 2013); history of recreational psychoactive substance use (excluding alcohol); and first-degree relationships or professional/volunteer experience with individuals diagnosed with a substance-related disorder.

Inclusion criteria for the clinical cohorts were: age greater than 18 years; normal or corrected-to-normal vision and hearing; a diagnosis of SUD or GD according to DSM-5 criteria; and ongoing contact with addiction treatment centers involved in participant recruitment. Exclusion criteria for this cohort included: a positive history of neurological conditions; recent or concurrent diagnosis of cerebrovascular events, moderate to severe traumatic brain injury, infectious or inflammatory diseases, neoplastic conditions, or neurodegenerative disorders; clinical instability within 48 h prior to assessment; non-compliance or other transient conditions that could compromise data quality; and use of either the primary substance of abuse or any other psychoactive substances, or the enaction of the addictive behaviour, within the 72 h preceding assessment.

To ensure ecological validity and representativeness of the clinical cohorts, we adopted an observational case-control design using stratified convenience sampling and snowball sampling methods. These approaches considered clinical history and the aforementioned inclusion/exclusion criteria. Although full matching between clinical and HS groups was only partially achieved by the end of recruitment, this open recruitment strategy allowed for the collection of an ecologically valid sample that reflects the typical patient population accessing addiction services. To minimize potential bias in data interpretation, age and gender were included as covariates in the statistical analyses. Preliminary checks concerning education levels across participants, instead, highlighted no significant difference for means or data variability between groups.

All participants were informed about the purpose of data collection, experimental procedures, and the methods of data processing and storage. Written informed consent was obtained from all participants. The study protocol and procedures were reviewed and approved by the relevant Ethics Committee and were conducted in accordance with the Declaration of Helsinki and its subsequent amendments. Furthermore, data collection, processing, and storage adhered to applicable national and European regulations on privacy and data protection.



Assessment procedure and materials

Participants were recruited through the primary involvement of the International research center for Cognitive Applied Neuroscience (IrcCAN) at Università Cattolica del Sacro Cuore and the Canzio Addiction Care Service of ASST Fatebenefratelli-Sacco in Milan, with additional support from the Alcoholic and Double Diagnosis Community in Castelfranco Veneto.

A standardized neurocognitive assessment protocol was administered by a team of licensed psychologists trained in psychodiagnostics and neuropsychological testing. The full assessment was conducted in quiet, perceptually neutral examination rooms and completed in a single session lasting approximately 45 min. Test administration was preceded by a structured interview, during which sociodemographic data were collected, along with information regarding any recreational use of alcohol or other substances. When necessary, anamnesis and clinical information were also gathered, including details of substance use history and habits (e.g., primary substance of abuse and any secondary substances).

Participants then completed the Battery for Executive Functions in Addiction—BFE-A (Balconi et al., 2022a), a digitized neurocognitive screening battery composed of seven subtests. These subtests evaluate: verbal learning and short-/long-term memory, working memory, verbal and non-verbal cognitive flexibility, focused attention, attention regulation and interference suppression, and inhibitory control. Scoring of participants' performance on each subtest was conducted by expert examiners and subsequently double-checked by a second expert in neuropsychological assessment, acting as an independent, blinded reviewer.

In line with our primary research aim and the relevant literature reviewed, the present brief research report focuses on the outcomes of the subtests targeting verbal learning and short-/long-term memory. Specifically, we examine results from the Verbal Memory Test (VMT) of the BFE-A, which assesses verbal learning and memory processes through immediate and delayed serial recall tasks. The VMT is designed to evaluate encoding, consolidation, and retrieval of verbally presented auditory stimuli. During administration, participants are presented with a list of 15 words, repeated 5 times. After each presentation, they are asked to recall the words verbally trying to respect the original order of words presentation. A delayed serial recall is then requested 10 min later, without any cues.

Performance and error metrics are recorded for both immediate and delayed recall phases and include: number of correctly recalled words (Correct Responses Index, CRi), number of words recalled in the correct serial position (Position Index, Pi), intrusion errors (ErrInt), and repetition errors (ErrRip). Additional technical details regarding the nature and computation of those scores can be found in the official BFE-A manual (Balconi et al., 2022a). Additional information on the subtest structure could be found in the official BFE-A manual and in the following reports (Balconi and Crivelli, 2021; Balconi et al., 2022b; Crivelli et al., 2024).



Data analyses

Performance and error metrics—namely, number of correctly recalled words, number of words recalled in the correct serial position, intrusion errors, and repetition errors—for both immediate recall and delayed recall trials were analysed through ANCOVA models including Group (HS, Stim, Alc, THC, GD) as between-subject independent factor, as well as controlling for sex and age as covariates. Partial eta squared (ηp2) was used as the effect size estimator for the main effect of group, representing the proportion of variance in performance uniquely explained by cohort membership, after accounting for covariates. Post-hoc pairwise comparisons were conducted on estimated marginal means (EMMs), adjusted for age and sex. Tukey's correction was applied to control for multiple comparisons and maintain the family-wise error rate. For each pairwise comparison, Cohen's d was also calculated to estimate effect size, providing a standardized measure of the magnitude of group differences. Effect size estimates were deemed as small when 0.01 ≤ ηp2 < 0.06 or |0.20| ≤ d < |0.50|, medium when 0.06 ≤ ηp2 < 0.14 or |0.50| ≤ d < |0.80|, and large when ηp2 ≥ 0.14 or d ≥ |0.80|, in agreement with Cohen's norms (Cohen, 1988). Threshold for statistical significance was set to α = 0.05.

Also, in order to increase the accuracy of statistical inference and to check whether the actual sample size could be deemed as sufficient to test study hypotheses, an a priori power analysis was conducted using G*Power (version 3.1.9.7). Results indicated the required sample size to achieve 80% power for detecting a medium effect (f = 0.25), at a significance criterion of α = 0.05, was N = 196 for an ANCOVA model with one independent between-subjects factor (Group, 5 levels) and two covariates. Accounting for a potential attrition rate of 20%, the minimum required sample size would be N = 235. Thus, the considered the obtained sample size (N = 515) adequate to test the study hypotheses.




Results

To examine group differences in cognitive performance across immediate and delayed recall conditions, ANCOVAs models were run with Group (HS, Stim, Alc, THC, and GD) as the between-subject factor, and age and sex entered as covariates. Dependent variables were four performance indices—CRi, Pi, ErrInt, and ErrRip scores—measured during immediate (Imm) and delayed (Del) recall trials. Figure 1 reports a graphical depiction of cohorts' data for each performance metrics.
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FIGURE 1
 Cohorts' data for performance metrics of the Verbal Memory Test. Dots represent the cohort mean score, whiskers represent ± 1 SE. Stars mark statistically significant pairwise comparisons. Left column: scores relative to immediate recall trials (Imm). Right column: scores relative to delayed recall trials (Del). CRi, correct responses index; Pi, position index; ErrInt, intrusion errors; ErrRip, repetition errors; Stim, stimulants SUD cohort; Alc, alcohol SUD cohort; THC, cannabis/tetrahydrocannabinol SUD cohort; GD, gambling disorder cohort; HS - healthy subjects cohort.



Immediate recall

For CRi-Imm, the analysis revealed a significant main effect of Group (F[4, 489] = 3.36, p = 0.010, ηp2 = 0.027). Age was a significant covariate (F[1, 489] = 26.73, p < .001, ηp2 = 0.052), while sex did not contribute significantly (F[1, 489] = 0.69, p = 0.406). Post-hoc comparisons showed that, compared to the HS group, the Stim group (p = 0.024, d = 0.47), the Alc group (p = 0.012, d = 0.64), and the GD group (p = 0.028, d = 0.52) had significantly lower scores. No other pairwise comparisons reached significance.

The ANCOVA for Pi-Imm did not show a significant main effect of Group (F[4, 466] = 0.66, p = 0.617). Age was again found to be a significant predictor of performance (F[1, 466] = 43.10, p < 0.001, ηp2 = 0.085), while sex was not (F[1, 466] = 0.44, p = 0.506).

In contrast, the analysis for ErrInt-Imm showed a significant main effect of Group (F[4, 466] = 3.43, p = 0.009, ηp2 = 0.029). Neither age (F[1, 466] = 0.13, p = 0.719) nor sex (F[1, 466] = 0.58, p = 0.445) were significant predictors. Post-hoc comparisons indicated that the Alc group performed significantly worse than both the THC group (p = 0.027, d = 0.61) and the HS group (p = 0.009, d = 0.67), suggesting selective deficits in inhibitory recall.

The ErrRip-Imm model also showed a significant Group effect (F[4, 466] = 2.86, p = 0.023, ηp2 = 0.024). Age emerged as a significant covariate (F[1, 466] = 5.41, p = 0.020, ηp2 = 0.011), while sex was not (F[1, 466] = 1.24, p = 0.267). Post-hoc analysis revealed that the Stim group had significantly higher ErrRip-Imm scores than the HS group (p = 0.040, d = 0.45), reflecting selectively altered performance in such clinical cohort.



Delayed recall

Turning to the delayed recall trial, the ANCOVA for CRi-Del showed a robust main effect of Group (F[4, 487] = 3.86, p = 0.004, ηp2 = 0.031). Age and sex were also significant predictors (age: F[1, 487] = 58.84, p < 0.001, ηp2 = 0.108; sex: F[1, 487] = 5.41, p = 0.020, ηp2 = 0.011). Post-hoc comparisons indicated that the Alc group (p = 0.004, d = 0.71) and the GD group (p = 0.020, d = 0.54), specifically, scored significantly lower than the HS group.

The Pi-Del model did not reveal a significant main effect of Group (F[4, 464] = 1.32, p = 0.263) nor of sex (F[1, 464] = 0.75, p = 0.387), but an age effect (F[1, 464] = 34.33, p < 0.001, ηp2 = 0.069).

For ErrInt-Del, Group differences were statistically significant (F[4, 464] = 4.27, p = 0.002, ηp2 = 0.036). Neither age (F[1, 464] = 2.11, p = 0.147) nor sex (F[1, 464] = 2.31, p = 0.129) were significant. Post-hoc tests revealed that the Alcohol group performed worse than the THC group (p = 0.002, d = 0.77) and the HS group (p = 0.007, d = 0.68).

Finally, the ANCOVA for ErrRip-Del showed no significant main effect of Group (F(4, 464) = 1.68, p = 0.154). Neither sex (F[1, 464] = 1.95, p = 0.164) nor age (F[1, 464] = 0.40, p = 0.529) significantly predicted performance in this model.




Discussion

The present study aimed at exploring verbal memory impairments across individuals with various SUDs—including stimulant, alcohol, and cannabis use disorders—and GD, compared to healthy controls, using a digitalized neurocognitive screening tool. In doing so, we aimed not only to examine global performance in immediate and delayed verbal recall, but also to assess the diagnostic relevance of specific recall error types, which remain a relatively underexplored yet potentially informative dimension in addiction-related cognitive assessment, especially when comparing substance-related and behavioural addictions.

Our findings reveal a multifaceted pattern of impairment that is broadly consistent with the hypothesis of domain-specific disruptions in memory processes across addiction profiles. These impairments primarily affected the accuracy of both immediate and delayed verbal recall across all the addiction disorders, while also uncovering distinct profiles in intrusion and repetition errors—thereby offering a more graded perspective on their cognitive consequences and correlates.

In the immediate recall condition, correctly recalled item scores were significantly lower among participants with stimulant use disorder, alcohol use disorder, and GD, relative to healthy controls. These medium-effect size deficits suggest that early-stage verbal encoding processes—particularly those relying on focused attention and controlled learning—are consistently compromised in these clinical cohorts. The cognitive load associated with rapid verbal input and the requirement for strategic encoding may overwhelm the executive capacities of individuals with addiction, aligning with models of impaired cognitive control and prefrontal dysfunction (Ersche et al., 2006; Goldstein and Volkow, 2011; Zhou et al., 2014; Goodman and Packard, 2016; Uhl et al., 2019).

Interestingly, performance on the position index, a measure of recall organization based on serial order, did not differ significantly across groups but was uniquely affected by participants' age. This dissociation suggests that while the amount of recalled information is reduced in clinical cohorts, the structural organization of what is recalled might remain relatively preserved when tapping on short-term memory and immediate retrieval stage. Such a pattern supports the notion that executive and attentional resources may be selectively taxed during encoding, without necessarily disrupting the mnemonic schema or strategy used to organize information. Nonetheless, it is also worth noting that additional insight on the adaptive (or maladaptive) mechanisms and strategies used to solve the memory task could come from a deeper exploration of the various strategies—besides sequential recall—used by the examinees during memorization, and that it might help to better interpret the observed lack of differences for performance on the position index across groups. By taking into account such further data, it would be possible to complement the evaluation by identifying participant's naturally preferred strategy for coping with recalling of words and by assessing, for example, their ability to inhibit such dominant strategy and promote a specific requested one.

Error analysis, then, provided more specific insight into the mechanisms of memory-related dysfunction in addiction. Intrusion errors were particularly elevated in the patients presenting alcohol use disorders, suggesting compromised inhibitory control and a failure to suppress irrelevant or competing memory traces—likely reflective of prefrontal disinhibition and poor monitoring processes (De Beni et al., 1998; De Beni and Palladino, 2004; Fischer-Baum and McCloskey, 2015). In contrast, repetition errors were significantly more frequent in the patients presenting stimulant use disorders, which may indicate impulsive recall tendencies and insufficient metacognitive control on the immediate retrieval process from short-term memory. This finding aligns with the characteristic neurocognitive profile of stimulant use, which often includes heightened impulsivity and reduced feedback sensitivity (Fillmore et al., 2005; Jovanovski et al., 2005; Gouzoulis-Mayfrank and Daumann, 2009; Balconi et al., 2014; Almeida et al., 2017).

Crucially, these distinct error types may correspond to disruptions in specific subcomponents of memory processing. While intrusions likely reflect deficits in attentional filtering, interference suppression, or inhibitory control, repetitions are more indicative of a breakdown in internal monitoring and memory updating—functions typically attributed to dorsolateral prefrontal networks and executive working memory (Koriat et al., 1988; Koriat and Goldsmith, 1996; Benjamin, 2008; Castel et al., 2016). As such, error typologies may provide an important, often overlooked lens for differentiating the cognitive signatures of various addiction disorders.

Notably, in the delayed recall trial—which primarily taxes long-term memory—impairments in verbal memory persisted and, in some cases, became more pronounced. Participants in the alcohol and GD groups showed significantly lower scores compared to healthy participants on the delayed correctly recalled items index, suggesting that these populations experience marked difficulties not only in encoding but also in memory consolidation and retrieval. This is consistent with prior findings linking alcohol use to long-term hippocampal and frontal damage, and with the limited evidence of altered information processing and memory trace reconsolidation in GD (Volkow et al., 2010; Potenza, 2014; Zhou et al., 2014; Asaoka et al., 2020).

Again, the position index did not differ significantly between groups, reinforcing the notion that sequential recall strategies may remain intact despite global memory impairments. However, patients presenting alcohol-related addiction continued to show elevated intrusion errors during delayed recall, a pattern that suggests persistent interference from irrelevant memory content and deficient suppression mechanisms—possibly reflecting enduring disruption in prefrontal inhibitory circuits. In contrast, repetition errors in the delayed recall trial did not differ significantly across groups, indicating that perseverative recall tendencies may be more transient or context-dependent, and less reliably engaged during longer retention intervals.

As a final note, we deem worth noting that the performance of individuals with GD largely mirrored that of substance-using groups, particularly in terms of reduced immediate and delayed recall accuracy. This supports the view that behavioural and substance-related addictions share overlapping neurocognitive dysfunctions, including impairments in reward-based learning, episodic memory, and executive control (Potenza, 2008; Goldstein and Volkow, 2011; Brand et al., 2019; Uhl et al., 2019; Ngetich et al., 2024). However, the absence of elevated error rates in GD suggests a partially distinct cognitive profile. Unlike patients showing alcohol-related and stimulant-related addiction—where deficits were characterized not only by poor recall accuracy but also by heightened and specific errors —individuals with GD showed impairment mainly in terms of recall quantity, not quality. This may reflect more subtle disruptions in encoding or consolidation, without the accompanying disinhibition or monitoring deficits observed in SUD groups. Such a distinction is important, as it underscores that while GD and SUDs may converge in terms of overall performance decline, the cognitive mechanisms underlying those impairments might differ. This aligns with neurobiological models proposing that while both types of addiction involve dysfunctional reinforcement learning and prefrontal-striatal disconnection, the extent and nature of memory-related dysfunctions may be modulated by the presence or absence of neurotoxic substance exposure (Potenza, 2008; Gouzoulis-Mayfrank and Daumann, 2009; Yau and Potenza, 2015; Weinstein, 2017; Brand et al., 2019; Uhl et al., 2019).



Study limitations

While the present study offers valuable insights into verbal memory performance and error profiles across various substance use and behavioural addiction cohorts, several limitations should be acknowledged. First, the cross-sectional design limits our ability to infer causal relationships between addictive behaviours and cognitive dysfunctions. Longitudinal studies are needed to clarify the temporal dynamics of memory impairment, particularly regarding the persistence or reversibility of deficits following abstinence or therapeutic intervention. Second, although our sample was ecologically valid and heterogeneous, group sizes across clinical cohorts were unequal, and the use of convenience and snowball sampling may introduce selection bias. Additionally, while age and sex were statistically controlled, other potential confounding factors—such as duration and severity of addiction, polysubstance use, psychiatric comorbidities, or medication status—were not comprehensively accounted for, potentially affecting the observed neurocognitive profiles. Third, the focus on a single memory task, albeit part of a broader neurocognitive battery, limits the generalizability of findings to other types of memory (e.g., visuospatial, prospective) or learning domains. Future studies employing a broader range of tasks could better delineate the domain-specificity of memory dysfunctions in different addiction types.



Conclusions

To conclude, our findings, taken together, highlight the potential for improving assessment outcomes of combining performance-based measures with detailed error analysis in verbal memory tasks, to better characterize the cognitive profiles of individuals with addiction. Rather than relying solely on global recall scores, parsing out the types of errors—intrusions vs. repetitions—offers a more graded view of the underlying cognitive deficits and may aid in differential diagnosis, intervention planning, and treatment monitoring. This approach is consistent with recent calls for a more functionally informed, domain-specific neuropsychological assessment framework in addiction research (Abramovitch et al., 2021; Crivelli and Balconi, 2021). The pattern of findings also supports the view that different addiction phenotypes—while sharing commonalities in memory dysfunction—may be differentiated by the specific cognitive processes they affect. Alcohol-related disorders appear to produce diffuse deficits across encoding, inhibition, and retrieval; stimulant use is marked by heightened perseveration and impulsive recall; and GD exhibits more restricted impairments, possibly reflecting a different balance between habitual and goal-directed control in memory expression. These distinctions carry potential relevance for tailored cognitive rehabilitation protocols. For instance, interventions focusing on error awareness and inhibitory control might be more beneficial in alcohol or stimulant users, whereass strategies targeting memory consolidation and goal-directed recall may be prioritized for individuals with GD.
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