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Background: Substance abuse has an impact on various cognitive domains, including memory. Even though this impact has been extensively examined across different subdomains, false memory has been sparsely studied. This systematic review and meta-analysis seek to synthesize the current scientific data concerning false memory formation in individuals with a history of substance abuse.

Methods: PubMed, Scopus, the Cochrane Library, Web of Science, and PsycINFO were searched to identify all experimental and observational studies in English, Portuguese, and Spanish. Studies were then examined by four independent reviewers and, if they met the inclusion criteria, assessed for their quality. The Cochrane Risk of Bias Tool for randomized controlled trials (RCT) and the Joanna Briggs Institute (JBI) critical appraisal checklists for quasi-experimental and analytic cross-sectional studies were used to assess the risk of bias.

Results: From the 443 screened studies, 27 (and two more from other sources) were considered eligible for full-text review. A final 18 studies were included in the present review. Of these, 10 were conducted with alcoholics or heavy drinkers, four focused on ecstasy/polydrug users, three were done with cannabis users and one focused on methadone maintenance patients with current cocaine dependence. Regarding false memory type, 15 studies focused on false recognition/recall, and three on provoked confabulation.

Conclusions: None but one of the studies considering false recognition/recall of critical lures found any significant differences between individuals with a history of substance abuse and healthy controls. However, most of the studies taking into account false recognition/recall of related and unrelated events found that individuals with a history of substance abuse showed significantly higher rates of false memories than controls. Future research should continue to consider different types of false memories as well as their potential association with relevant clinical variables.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=266503, identifier: CRD42021266503.
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Highlights

- More research is needed on false memories and substance abuse.

- False recognition/recall of critical lures does not seem to show significant differences.

- False recognition/recall (related/unrelated items) increases false memories susceptibility.



1. Introduction

Substance use can negatively influence one's memory (Kloft et al., 2021). According to the Diagnostic and Statistical Manual of Mental Disorders [American Psychiatric Association (APA), 2014], substance use disorders are characterized by a set of cognitive, behavioral and physiological symptoms and their diagnosis are based on behavioral patterns. These behavioral patterns can take on a relapsing and chronic presentation because of the alterations they can cause to brain circuits [American Psychiatric Association (APA), 2014]. Some of these circuits regulate memory and studies have shown them to suffer structural changes in individuals with chronic use of alcohol (Sullivan and Pfefferbaum, 2013) or illicit substances (Cadet et al., 2014).

Different subdomains of memory have been studied in this population. Among other areas, deficits have been found in verbal memory (e.g., Ardila et al., 1991; Pope et al., 2001; Scott et al., 2007; Woicik et al., 2009; for cannabis, cocaine, and methamphetamine users), visual memory (e.g., Strickland et al., 1993; Gillen et al., 1998; Bolla et al., 2002; for cannabis, and cocaine users), working memory (e.g., Rendell et al., 2009; Hanson et al., 2010; Meier et al., 2012; Vonmoos et al., 2013; for cannabis, cocaine, and methamphetamine users), and memory recall (e.g., Thomasius et al., 2006; Battisti et al., 2010; for cannabis, and ecstasy users). Alcohol abuse has also been linked to significant memory deficits, namely verbal episodic (e.g., Chanraud et al., 2009) and long-term memory (e.g., Defranco et al., 1985). In its extreme, chronic alcohol abuse can lead to symptoms of amnesia, for example through the development of Korsakoff syndrome (e.g., Arts et al., 2017).

Even though the impact of substance abuse and addiction on memory has been widely studied, there are some phenomena in this cognitive domain that seem to have received insufficient interest. This is the case with the impact of substance abuse on the formation of false memories (Kloft et al., 2021).


1.1. False memories

Formation of memory can be divided into three distinct stages: encoding, consolidation, and retrieval. Each stage carries with it specific processes that are exposed to interference making the creation of a perfect memory an impossibility. As such, memories are always flawed reestablishments of reality (Straube, 2012; Kloft et al., 2021). A memory is considered to be false when it entails the recollection of an event that never happened or the distortion of one that did happen, with the presence of details that do not correspond to reality (Roediger and McDermott, 1995).

Several theories have been proposed to explain the formation of false memories. The fluency-misattribution perspective (Jacoby et al., 1989), suggests that the sense of familiarity that an individual experiences when having a false memory results from an unconscious attribution of the processing fluency (ease of information processing) to the past (i.e., incorrect source). On the other hand, the source-monitoring framework emphasizes the distinction between a memory's content and its source (Johnson et al., 1971; Johnson and Raye, 1981). According to this view, false memories are created when an individual wrongly attributes a memory to an external source (external stimuli), when it was internally produced (e.g., thought; Johnson, 1977). This describes a failure in reality monitoring. Roediger et al. (2001) build on this approach to explain the false recognition phenomenon seen in the Deese-Roediger-McDermott (DRM) paradigm (Deese, 1959; Roediger and McDermott, 1995) and develop the activation-monitoring account. It considers that during the study phase of the lists of words associated with another no presented word of the DRM paradigm, an individual may internally activate representations of associated but not presented words (including critical lure words). This can happen in a conscious (elaborative processing) or unconscious (spread activation inside an associative network) manner. Misattribution of the internal activation of the words to the outside world (source-monitoring error) can lead to the creation of false memories (e.g., McDermott and Watson, 2001). Finally, the fuzzy trace theory (e.g., Brainerd and Reyna, 2002, 2004) proposes that, when a memory is created, two distinct traces were established: verbatim and gist traces. The verbatim trace relates to the surface characteristics of the external stimuli while the gist trace relates to its theme. The first is the major driver of veridical memory, and the second serves as the base for false memories, partially because it tends to persist longer in time (Steffens and Mecklenbräuker, 2007).

False memories have been studied in various contexts and with recourse to very diverse methods. There is still considerable disagreement concerning the different types of false memories, whether they are essentially the same or significantly distinct phenomena and, as such, whether they share underlying mechanisms. The lack of consensus is a testament to the complexity of memory and signals the need for a careful discussion of this topic. Nonetheless, in the interest of clarity, throughout this review we will use similar distinctions to those proposed by Kopelman (1999) and consider the following type of false memories: false recognition/false recall, provoked/momentary confabulation, and spontaneous confabulation.


1.1.1. False recognition/false recall

False recognition has propensity to appear when new items, which are conceptually or perceptually associated with previously presented items, are wrongly perceived as being old (Pierce et al., 2005; Brady et al., 2015). In the case of false recall, the new items may wrongly be retrieved in a trial to reproduce the presented material. There are two main interpretations of this phenomenon that were described above. The first draws on the activation monitoring account (e.g., Roediger et al., 2001), and considers false recognition/recall to result from an initial activation of related events at the time of the study, and a subsequent failure to discriminate between internally and externally activated events at the time of the test. The second interpretation, considers this type of false memory to be gist- or schema-based and to constitute an adaptive memory distortion (Gutchess and Schacter, 2012; Brady et al., 2015). Gist-based representations are thought to reflect the retention of common themes between presented objects and, consequently, allow for quicker recognition of new items that are consistent with the relevant theme. Gist-based false recognition is then considered an adaptive cognitive process that can translate to increased performance in certain tasks. For example, the propensity for gist-based false recognition is correlated to creativity (Dewhurst et al., 2011).

Measures of false recognition or false recall can be found in several memory tasks but the most used method to study this type of false memory is the DRM paradigm (Deese, 1959; Roediger and McDermott, 1995). The DRM paradigm starts with the presentation of a list of semantically related words (e.g., bed, rest, dream) at encoding. After a delay, individuals are asked either to reproduce the studied words (free recall test) or to identify them from a new list (recognition test) where both the previously presented words and the critical lure words (e.g., sleep; related words not previously shown) are included (Pardilla-Delgado and Payne, 2017).

Neuroimaging studies tend to indicate an overlap between brain regions activated during true and false recognition (Johnson et al., 1997; Cabeza et al., 2001; Garoff-Eaton et al., 2006). These results have been considered as further evidence for the conception of false recognition as an adaptive memory distortion (Schacter et al., 2011). Garoff-Eaton et al. (2006) found both identical true and related false recognition associated with activation of a wide range of brain regions (prefrontal, lateral, medial temporal, parietal, and occipital cortices).



1.1.2. Confabulation

While false recall/recognition can be experienced by everyone and is even considered potentially adaptive, confabulation has been mostly associated with clinical populations (Hirstein, 2009). It was a term first described by Korsakoff (1887; 1889a; 1889b as cited in Kopelman et al., 2009) about amnesic patients, and has been historically linked to brain damage and neurological syndromes (especially those characterized by memory loss). In 1901, Bonhoeffer (as cited in Nahum et al., 2012) distinguished between two types of confabulations: spontaneous confabulation, associated with dream-like ideas; and confabulation of embarrassment (“momentary confabulation”). The latter refers to memories that appear to have been fabricated to compensate for memory loss or a “gap” in memory. One's memory void is filled with content from real memories but there are temporally displaced by the individual (Benson et al., 1996). They are often associated with memory-related diseases (Rensen et al., 2017), but they can also be experienced by healthy individuals. Similarly, Berlyne (1972), considered two different types of confabulation: “fantastic” confabulation, and “momentary” confabulation. For Berlyne (1972), “momentary” confabulations were rooted in real memory and autobiographic content. They were also a result of questioning and, as such, could be provoked. This led Kopelman (1987), to later revise the terminology, defining the terms most used today: provoked instead of momentary, spontaneous instead of fantastic.

Various methods are used to evaluate provoked confabulations in adults. These types of false memories can be induced through the “misinformation effect”, which consists of the exposure to interfering and false information after having witnessed an event (Hirstein, 2009). They can be studied with recourse to psychometric instruments, namely the Dalla Barba Confabulation Battery (DBCB; Dalla Barba, 1993), the Provoked Confabulation Test (PCT; Cooper et al., 2006), and suggestibility tests such as the Gudjonsson Suggestibility Scale (GSS; Gudjonsson, 1987). Regarding the context, suggestibility tests tend to be used to assess interrogative suggestibility and the production of false memories in a forensic setting, while the other cited instruments appear more often associated with the assessment of general and clinical samples. The DBCB was purposefully created to quantify and qualify confabulations in confabulating patients. It is composed of 165 questions divided across eleven different domains, including personal, linguistic, and recent general semantic memory (Dalla Barba et al., 2018). While by definition (since it is based on questioning), the DBCB assesses provoked confabulations, clinical observation seems to indicate that those who confabulate at the battery, tend to also confabulate spontaneously (Dalla Barba et al., 2018). Even though for practical reasons research has been mostly focused on provoked confabulations, recently an observational scale has been developed to evaluate not only provoked but also spontaneous confabulations. According to Rensen et al. (2015), ratings in the Nijmegen-Venray Confabulation List-20 (NVCL) are related to ratings on the DBCB and the PCT.

It is still not clear which brain regions and cognitive deficits are directly involved in the formation of confabulations (Turner et al., 2008). The most studied confabulation presentation is that believed to be caused by damage in the frontal lobe (Turner et al., 2008; Hirstein, 2009), namely resulting from Korsakoff's Syndrome (Berlyne, 1972; Kopelman, 1987; Barba et al., 1990; Benson et al., 1996; Kopelman et al., 1997), head injury (Damasio et al., 1985; Baddeley and Wilson, 1988; Moscovitch and Melo, 1997; Box et al., 1999), and frontotemporal dementia (Moscovitch and Melo, 1997; Nedjam et al., 2000). Given the type of neurological conditions that appear most often associated with confabulations, many believe that frontal lobe damage may be critical to its formation (Hirstein, 2009). In a review conducted by Gilboa and Moscovitch (2002), 81% of confabulators presented damage in the pre-frontal cortex. Particularly, they observed that damage to the orbitofrontal and ventromedial cortices was the most common in association with the occurrence of confabulations. Schnider (2003), Schnider et al. (1996), and Schnider and Ptak (1999), also found the orbitofrontal cortex as a possible critical site of injury regarding spontaneous confabulation. Despite the high prevalence of frontal lobe damage in confabulators, some studies suggest that pathology in this brain area may not be necessary or sufficient for the occurrence of confabulation. Reports indicate that patients can present confabulations without associated frontal executive dysfunction or structural pathology (Nedjam et al., 2000). Moreover, frontal lobe impairment appears not to distinguish between amnesiacs who confabulate from those who do not (Schnider, 2003). According to Gündogar and Demirci (2007), the provoked confabulations have no specific brain location. The same authors mentioned that only spontaneous confabulations arise from injuries in the posterior orbitofrontal cortex and basal forebrain.



1.1.3. False memories and substance abuse

The impact of substance abuse on false memory formation is not clear. There seem to be few studies looking into provoked and spontaneous confabulations in this population, and those focusing on false recognition/false recall have shown mixed results. Using the DRM paradigm, Rocha and Albuquerque (2003), found that alcoholics were not more likely to falsely recognize critical lures, but they also presented significant differences compared to controls concerning other intrusion errors. Similarly, Kloft et al. (2019), found that cannabis users presented similar false memory rates for critical lures to those of controls, but significantly higher false recognition rates for unrelated items. Riba et al. (2015), however, using functional magnetic resonance imaging, showed that cannabis users did present increased susceptibility to false memories by failing to correctly identify critical lures as events that never occurred.

Beyond contradictory results regarding the more well-accepted measure of false recognition/false recall (i.e., false recognition/false recall of critical lures), these and other studies (Reich et al., 2004; Cuttler et al., 2021) suggest an apparent distinction between this measure and other types of intrusion errors and false recognition indicators. Even though there is no obvious consensus on what these indicators are measuring—just as there is no consensus on the association between false recognition measures and real-life false memories formation—they still appear to be relevant for a broader understanding of the impact of substance abuse on memory in general, and on the susceptibility to this phenomenon in particular. Because, to our knowledge, this is the first systematic review and meta-analysis looking into the susceptibility to false memory formation of individuals with a history of substance abuse, we will consider studies that use any type of false memory measure, including false recognition/false recall of events other than critical lures. Provided that the necessary information is available in the selected studies, we intend to answer the following research questions:

I- Are individuals with a history of substance abuse more susceptible to false memory formation when compared to healthy controls? If so, to what type of false memories are they more prone to?

II- How does the susceptibility to the formation of false memories in individuals with a history of substance abuse compared to that of individuals with neurological conditions?

III- Are there any real-world implications for increased susceptibility to the formation of false memories in individuals with a history of substance abuse? If so, what are they?





2. Materials and methods


2.1. Protocol registration

The protocol outlining the goals and scope of the present systematic literature review and meta-analysis was registered and published in the International Prospective Register of Systematic Reviews (PROSPERO) on the 7th of August of 2021 (Caetano et al., 2021). The protocol is available from: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021266503.



2.2. Search strategy

The Population, Intervention, Comparison, and Outcome (PICO) strategy of the Joanna Briggs Institute (JBI; Aromataris and Munn, 2017) served as the basis for this systematic review. The main goal was to understand if individuals with a history of substance abuse (with or without a current diagnosis of substance use disorder) show a higher susceptibility to the formation of false memories. Publication date and period were not restricted to include all possibly relevant studies, and all articles, published and unpublished, written in English, Portuguese, and Spanish were considered.

At the first moment, a general search was conducted in the Cochrane Database of Systematic Reviews, the JBI Database of Systematic Reviews and Implementation Reports, MEDLINE, and PROSPERO to confirm the absence of systematic reviews with identical objectives. Following that, an exhaustive but limited search was performed in the databases PubMed, Scopus, the Cochrane Library, Web of Science, and PsycINFO. The titles of the articles found were examined for relevant search terms. The search terms originated from DeCS® and Medical Subject Headings (MeSH Browser®) and were selected taking into account the PICO strategy. They were combined with Boolean operators for a more focused and productive search. Below are the keywords used in the search: Substance-Related Disorders, Substance-Use Disorders, Addiction Medicine, Addiction Treatment, Drug Abusers, Drug Abuse, Drug Addiction, Alcoholism, Alcohol Abuse, Alcohol Dependence, Chronic Alcoholism, Alcohol Addiction, Alcohol-Related Disorder, Substance Abuse, Drug Dependence, Substance Addiction, False Memory, False Memories, DRM Paradigm, Confabulation, Provoked Confabulation, Spontaneous Confabulation. The Boolean operators were arranged as follows: (Substance-Related Disorders OR Substance-Use Disorders OR Addiction Medicine OR Addiction Treatment OR Drug Abusers OR Drug Abuse OR Drug Addiction OR Alcoholism OR Alcohol Abuse OR Alcohol Dependence OR Chronic Alcoholism OR Alcohol addiction OR Alcohol-Related Disorder OR Substance Abuse OR Drug Dependence OR Substance Addiction) AND (False Memory OR False Memories OR DRM Paradigm OR Confabulation OR Provoked Confabulation OR Spontaneous Confabulation). The final database search was conducted in July 2021. Finally, the references of all selected studies were searched for relevant studies that did not appear in the initial search.



2.3. Study selection and data extraction

Titles and abstracts from the retrieved articles were screened by four independent reviewers to identify all experimental, cross-sectional, case-control, or cohort studies that included: adult participants (age of 18 years or above) with a history of substance abuse (with or without a diagnosis of substance use disorder) and without a neurological condition (e.g., Korsakoff's syndrome); Exposure to at least one procedure aimed at inducing/evaluating or with a measure of false memory; With or without a comparison group (healthy control or individuals with a neurological disorder such as Korsakoff's syndrome); Outcomes of either false recognition/false recall of critical lures, false recognition/false recall of related and/or unrelated items or provoked confabulation.

Studies selected by either of the reviewers were retrieved for full-text review and assessed for eligibility for inclusion by the same four reviewers. When the four reviewers were not in agreement regarding the inclusion of a study, a fifth reviewer intervened in resolving the conflict. Articles found while handsearching underwent the same selection process. Both publication records retrieved during the review process and reasons for exclusion (when applicable) were stored in an electronic database.

Data were extracted from the included studies to assess study quality and allow for data synthesis. We extracted the year when the study was published, the country where it was conducted, the studied population/abused substance, and the details of the study methodology (e.g., study design, existence or not of comparison groups, type of comparison groups, false memory measures), the results (e.g., age mean, gender distribution, false memory measure mean and standard deviation), and limitations. Authors were not contacted for additional data not provided in the included articles. Data extraction was conducted by four reviewers and checked by another reviewer.



2.4. Assessment of study quality

All the included studies were independently assessed by two reviewers.

The Joanna Briggs Institute (JBI; Aromataris and Munn, 2017) critical appraisal checklist was used for quasi-experimental studies, and regarding experimental studies, the Cochrane Risk of Bias Tool (Higgins et al., 2011) was used for randomized controlled trials (RCT).

For observational studies, the JBI critical appraisal checklists (Aromataris and Munn, 2017) for analytical cross-sectional studies were used.

The Cochrane Risk of Bias Tool (Higgins et al., 2011) considers six bias domains (selection, performance, detection, attrition, reporting, and other biases), and classifies studies as presenting “unclear risk,” “low risk,” or “high risk” in each of the domains. In turn, the Joanna Briggs Institute (JBI, Aromataris and Munn, 2017) critical appraisal checklist for quasi-experimental studies considers nine yes/no questions (with the possibility to mark it as unclear or not applicable) on the extent to which each study tried to address the possibility of bias. Similarly, the JBI critical appraisal checklist (Aromataris and Munn, 2017) for analytic cross-sectional studies considers eight yes/no questions (with the possibility to mark it as unclear or not applicable) that likewise aim to evaluate the way each study sought to address possible biases.



2.5. Data synthesis

All the analyses were conducted using the software Review Manager 5.4.1. Where the data was available, the effect size was calculated for each of the false memory outcomes considered in the review, including false recognition of critical lures, false recognition of unrelated items, and other intrusion errors. Considering the high variability in study characteristics, the chosen effect measure was the standardized mean difference, and the effect size analyses were done using a random effects model. Moreover, when possible, subgroup analyses were performed according to false memory measures. Finally, between-study heterogeneity was assessed using standard χ2 tests and the I2 statistic. Heterogeneity is generally categorized as 25% (low), 50% (moderate), and 75% (high) (Higgins et al., 2003).




3. Results


3.1. Literature search/study selection process

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart (see Figure 1) presents the study selection process for this review.


[image: Figure 1]
FIGURE 1
 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.


The databases search identified 529 articles (PubMed n = 151; Web of Science n = 27; Cochrane Library n = 42; PsycINFO n = 35 and Scopus n = 274), 86 of which were removed for being duplicated records. A total of 443 articles were screened for the established inclusion criteria, and 416 were excluded for failing to meet them. Of these 416 articles, 131 neither targeted the intended population nor presented a measure of false memory, 120 did not present a measure of false memory, 89 did not target the intended population, 71 were reports, case studies, or clinical trials, and five were published in a language other than English, Portuguese, or Spanish. The remaining 27 articles, along with two others found through citation searching, were assessed for eligibility with recourse to a full-text review. From those, 11 were excluded: six for failing to use an objective false memory measure; three for not targeting the intended population; one for not being either an experimental or observational study (i.e., scale validation study); and one for not meeting the minimal methodological quality (i.e. [selection bias, it is not an experimental study – as the title indicates, there is no randomization for participants, participants were not exposed to any procedure related with inducing false memories, which also did not allow for measurements before and after the intervention, and it was not clear what is the “cause” and what is the “effect” of the study]). Finally, 18 studies met all inclusion and exclusion criteria and were included in the systematic review, and of these only five were included in the meta-analysis.



3.2. Participant characteristics

In Table 1, a summary of the subject characteristics for each of the 18 included studies in the systematic review is presented.


TABLE 1 Subject characteristics.
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3.3. Date

The studies were published between 1989 and 2021, with the following distribution per publication year: one study each year in 2021 (Cuttler et al., 2021), 2019 (Kloft et al., 2019), 2017 (Brion et al., 2017), 2015 (Riba et al., 2015), 2014 (Fisk et al., 2014), 2013 (Klein et al., 2013), 2011 (Maurage et al., 2011), 2003 (Rocha and Albuquerque, 2003), 2001 (Fox et al., 2001), 2000 (Gudjonsson et al., 2000), 1997 (Welch et al., 1997), and 1989 (Kramer et al., 1989); and two studies each year; in 2012 (Gallagher et al., 2012; Henry et al., 2012), 2008 (Schilt et al., 2008; Thoma et al., 2008), and 2004 (Gudjonsson et al., 2004; Reich et al., 2004).



3.4. Country

Six of the 18 studies were conducted in the United States (Kramer et al., 1989; Welch et al., 1997; Reich et al., 2004; Henry et al., 2012; Klein et al., 2013; Cuttler et al., 2021), three in the United Kingdom (Fox et al., 2001; Gallagher et al., 2012; Fisk et al., 2014), two in Iceland (Gudjonsson et al., 2000, 2004), two in the Netherlands (Schilt et al., 2008; Kloft et al., 2019), and another two in Belgium (Maurage et al., 2011; Brion et al., 2017). The remaining three studies were conducted in the following countries: Portugal (Rocha and Albuquerque, 2003), Germany (Thoma et al., 2008), and Spain (Riba et al., 2015).



3.5. Age and gender

Three of the 10 studies looking into alcohol, presented a mean age for the experimental group above 50 years-old (Welch et al., 1997; Maurage et al., 2011; Brion et al., 2017), with two of these (Welch et al., 1997; Brion et al., 2017) having some type of neurological condition as a comparison. Another three studies presented a mean age between 40 and 50 years (Rocha and Albuquerque, 2003; Thoma et al., 2008; Klein et al., 2013). The study by Henry et al. (2012), which focused on methadone maintenance patients with and without current cocaine dependence, also presented a mean age between 40 and 50 years for both groups. From the studies focusing on alcohol, two other had participants with an overall age mean between 30 and 40 years of age (Gudjonsson et al., 2000, 2004), but one of the studies (Gudjonsson et al., 2000) chose to present the mean age of males and females separately (Male: 43.0 ± 13.1; Female: 36.2 ± 11.5). In the study by Kramer et al. (1989), the main goal was to understand the relative impact of both age and alcohol abuse and, as such, they used two separate experimental and control groups. Young and old alcoholics presented a mean age of 37.2 (SD = 6.7) and 59.2 (SD = 3.8) respectively. Finally, one study did not present the necessary information to establish the participants mean age (Reich et al., 2004).

All four studies focusing on ecstasy/polydrug users (Fox et al., 2001; Schilt et al., 2008; Gallagher et al., 2012; Fisk et al., 2014) and two of the three studies with cannabis users (Kloft et al., 2019; Cuttler et al., 2021) presented a mean age between 20 and 30 years. One of the studies with ecstasy/polydrug users (Fox et al., 2001) separated the participants into those with a short and long-term history of use, presenting respective mean ages of 26.4 (SD = 5.9) and 30.7 (SD = 4.1). The remaining study with cannabis users (Riba et al., 2015) did not present the participants mean age.

Gender distribution throughout the studies varied between 23% to 100% male representation. Studies with individuals with a history of alcohol abuse or with an alcohol-use disorder tended to show disproportionately male samples. From the 10 studies, four had samples with over 70% male participants (Gudjonsson et al., 2000, 2004; Rocha and Albuquerque, 2003; Thoma et al., 2008). Three studies had samples where the male participants ranged between 40 and 60% (Maurage et al., 2011; Klein et al., 2013; Brion et al., 2017), and one (Reich et al., 2004) had a sample where only 23% of the participants were male. Studies focusing on ecstasy/polydrug users presented more evenly distributed samples regarding gender, with males representing between 50 and 60% of participants (Fox et al., 2001; Schilt et al., 2008; Fisk et al., 2014), even though in one of the studies (Fisk et al., 2014), the non-users group was mostly female (36% male). From the two studies on cannabis that provided data on gender distribution, one (Cuttler et al., 2021) presented between 50% and 70% of male representation across groups (average 56.3%) and the other (Kloft et al., 2019) over 80% on all but the control group (38%). Finally, the study with methadone maintenance patients (Henry et al., 2012) presented 43% and 37% of male representation for those with and without current cocaine dependence respectively.

Four studies did not present data on gender distribution (Kramer et al., 1989; Welch et al., 1997; Gallagher et al., 2012; Riba et al., 2015).



3.6. Substance type

Of the 18 included studies, 10 (55.55%) were conducted with individuals with a history of alcohol abuse or with an alcohol-use disorder (Kramer et al., 1989; Welch et al., 1997; Gudjonsson et al., 2000, 2004; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Klein et al., 2013; Brion et al., 2017), four (22.22%) focused on ecstasy polydrug users (Fox et al., 2001; Schilt et al., 2008; Gallagher et al., 2012; Fisk et al., 2014) with one of these (Schilt et al., 2008) also considering the separate impact of other illicit substances, and three (16.67%) evaluated the impact of cannabis (Riba et al., 2015; Kloft et al., 2019; Cuttler et al., 2021). One study (5.56%) was done with methadone maintenance patients with current cocaine dependence (Henry et al., 2012).



3.7. Study characteristics

The characteristics of the studies [design, comparison group(s), type(s) of false memory, and false memory measures] are provided in Table 2.


TABLE 2 Study characteristics.
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3.8. Study design

From the 18 included studies, 14 (77.78%) have a quasi-experimental design (Kramer et al., 1989; Welch et al., 1997; Fox et al., 2001; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Gallagher et al., 2012; Klein et al., 2013; Fisk et al., 2014; Riba et al., 2015; Brion et al., 2017; Kloft et al., 2019; Cuttler et al., 2021), two (11.11%) have an experimental design (Gudjonsson et al., 2000; Henry et al., 2012), and two (11.11%) have an observational design (Gudjonsson et al., 2004; Schilt et al., 2008).



3.9. Comparison group

Of the 18 studies, 14 (77.78%) included some type of comparison group. Eight studies (44.44%) used healthy individuals/ individuals without a history of substance abuse as the comparison group (Kramer et al., 1989; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Gallagher et al., 2012; Riba et al., 2015; Kloft et al., 2019), one study (5.56%) used individuals with some type of neurological condition (Welch et al., 1997), and one study (5.56%) used both (Brion et al., 2017).

Six studies (33.33%) used individuals with some kind of substance use history as comparisons. Gudjonsson et al. (2000), compared two groups of individuals with alcohol-use disorder evaluated at different moments after admission into treatment. Fox et al. (2001), and Fisk et al. (2014), compared ecstasy users with polydrug users/ecstasy non-users. Henry et al. (2012), compared methadone maintenance patients with and without current cocaine dependence. Kloft et al. (2019), besides using a healthy control group, also used cannabis-intoxicated users as comparison group. Finally, Cuttler et al. (2021), compared sober cannabis users with cannabis users under the influence of different types of cannabis flower (varying potency).

Three studies (16.67%) did not use any comparison group (Gudjonsson et al., 2004; Schilt et al., 2008; Klein et al., 2013).



3.10. Type of false memory/false memory measures

From the 18 included studies, 15 studies (83.33%) focused on false recognition and/or false recall. Among these, the most used false memory procedure/task was the DRM paradigm, which was utilized in five studies (27.77%; Rocha and Albuquerque, 2003; Reich et al., 2004; Riba et al., 2015; Kloft et al., 2019; Cuttler et al., 2021). Two studies (13.33%) used a continuous recognition paradigm/task (Maurage et al., 2011; Brion et al., 2017), two (13.33%) used a type of recognition memory test (Henry et al., 2012; Klein et al., 2013), and two others (13.33%) administered some version of Rey Auditory Verbal Learning Test (Fox et al., 2001; Schilt et al., 2008; RAVLT). The four remaining studies (26.67%) used different measures. Kramer et al. (1989) used the California Verbal Learning Test (CVLT), Thoma et al. (2008) used a list discrimination task, Fisk et al. (2014) applied a source memory task, and Gallagher et al. (2012) used a word pair learning task.

From the three studies that focus on provoked confabulation, two (66.67%) used the Confabulation Subscale of Gudjonsson Suggestibility Scale (Gudjonsson et al., 2000, 2004), and one (33,33%) the Visual Reproduction subtest of WMS-R (Card D; Welch et al., 1997).

In Table 3, a detailed description of the used measures is provided.


TABLE 3 False memory measures and outcomes.
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3.11. False memory outcomes

From the 15 studies focused on false recognition/false recall, only five (33.3%) considered false recognition or false recall of critical lures (Rocha and Albuquerque, 2003; Reich et al., 2004; Riba et al., 2015; Kloft et al., 2019; Cuttler et al., 2021). Of these, three (60%) considered both false recognition and false recall of critical lures (Rocha and Albuquerque, 2003; Reich et al., 2004; Cuttler et al., 2021), and two (40%) considered only false recognition of critical lures (Riba et al., 2015; Kloft et al., 2019). Another study took into account both false recognition and false recall of novel prototype words (Kramer et al., 1989).

Five studies (33.3%) considered false recognition/false recall of related items (Kramer et al., 1989; Fox et al., 2001; Rocha and Albuquerque, 2003; Reich et al., 2004; Cuttler et al., 2021). Three inspected both false recognition and false recall of related items (Kramer et al., 1989; Rocha and Albuquerque, 2003; Cuttler et al., 2021), one considered only false recognition of related items (Reich et al., 2004), and another only false recall of related items (Fox et al., 2001).

Six studies (40%) dealt with false recognition/false recall of unrelated items (Kramer et al., 1989; Fox et al., 2001; Rocha and Albuquerque, 2003; Reich et al., 2004; Kloft et al., 2019; Cuttler et al., 2021). Three considered both false recognition and false recall of unrelated items (Kramer et al., 1989; Rocha and Albuquerque, 2003; Cuttler et al., 2021), two analyzed only false recognition of unrelated items (Reich et al., 2004; Kloft et al., 2019), and one considered only false recall of unrelated items (Fox et al., 2001).

Seven studies (46.7%) considered a measure of false alarm/false positive rate without specifying the type of items included (e.g., related, unrelated; Schilt et al., 2008; Maurage et al., 2011; Henry et al., 2012; Klein et al., 2013; Fisk et al., 2014; Riba et al., 2015; Brion et al., 2017). Finally, four studies (26.7%) looked at other types of intrusion errors such as novel items and non-target list items (Thoma et al., 2008), temporal context confusion (TCC; Maurage et al., 2011; Brion et al., 2017), and old, new conjunction, new item, and new word pairs (Gallagher et al., 2012).

From the three studies that focused on provoked confabulation, two took into account distortion, fabrication, and confabulation scores (Gudjonsson et al., 2000, 2004), and one considered modifications to the WMS-R Card D such as a 90-degree rotation and embellishment into a glass-like figure (Welch et al., 1997). A detailed description of the outcomes used by each study can be found in Table 3.



3.12. Key findings

Table 4 reports the main results of interest for the 18 studies included in the present review. From the 10 studies focusing on individuals with a history of alcohol abuse (Kramer et al., 1989; Welch et al., 1997; Gudjonsson et al., 2000, 2004; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Klein et al., 2013; Brion et al., 2017), two (20%; Rocha and Albuquerque, 2003; Reich et al., 2004) used the DRM paradigm for obtaining a measure of false recognition/false recall, five (50%; Kramer et al., 1989; Thoma et al., 2008; Maurage et al., 2011; Klein et al., 2013; Brion et al., 2017) employed other procedures which considered different types of intrusion errors, and three (30%; Welch et al., 1997; Gudjonsson et al., 2000, 2004) focused on provoked confabulations. Neither of the studies that used the DRM paradigm (100%)–one in alcoholic patients (Rocha and Albuquerque, 2003) and the other in light and heavy drinkers (Reich et al., 2004)–found significant differences regarding the false recognition/false recall of critical lures concerning the samples studied in each of these studies. However, Rocha and Albuquerque (2003) found that alcoholic patients showed a significantly higher rate of other intrusion errors in the free recall task than controls. Interestingly, Reich et al. (2004), reported that heavy drinkers registered a significant increase in false recognition rates (for target alcohol expectancy words) when in an alcohol-related context (bar). This was not true for participants with a lighter drinking pattern. Regarding the other studies measuring false recognition/false recall, 3 (75%; Kramer et al., 1989; Thoma et al., 2008; Maurage et al., 2011) of the four studies (Kramer et al., 1989; Thoma et al., 2008; Maurage et al., 2011; Brion et al., 2017) with a control group found significant differences indicating that individuals with a history of alcohol abuse have a higher susceptibility to this phenomenon. Kramer et al. (1989), using the CVLT, found that alcoholics presented significantly more intrusions than controls across all false positive types, including novel prototype words. Similarly, Thoma et al. (2008), showed that alcohol-dependent participants presented significantly higher false alarm rates (both to non-target list items and to novel items) in a list discrimination task. Maurage et al. (2011), reported that alcoholics had a significantly higher temporal context confusion (TCC) index in a continuous recognition paradigm (“confabulation task”). However, Brion et al. (2017), who also employed a continuous recognition task, did not find similar results. According to their study, only patients with Korsakoff Syndrome showed a higher rate of temporal context confusions when compared to both alcoholic patients (without that syndrome) and controls. Lastly, Klein et al. (2013), who did not use a comparison group, found that patients receiving treatment for alcohol dependence presented significantly higher hit and false alarm rates for alcohol-related words when compared with neutral words. The only study (100%) focused on provoked confabulations that used a comparison group (Welch et al., 1997) did not find the presence of confabulation in our target population. Welch et al. (1997), used the Card D of the visual reproduction subtest of the WMS-R and found that only alcoholics with brain damage presented spontaneously produced alterations that resembled “drinking vessels”. The remaining studies (Gudjonsson et al., 2000, 2004) sought not to compare individuals with a history of alcohol abuse with other populations, but to investigate the impact of withdrawal on suggestibility. Gudjonsson et al. (2000), did not find any significant differences on the suggestibility scores (including the confabulation subscale) between patients assessed at the beginning of their hospital admission or after at least 6 days of hospitalization. However, in the second study (Gudjonsson et al., 2004) it was observed that the severity of withdrawal symptoms was significantly associated to confabulation and other suggestibility scores. None of the studies focusing on ecstasy/polydrug use utilized the DRM paradigm for measuring false recognition/false recall. From the four studies that looked into this population (Fox et al., 2001; Schilt et al., 2008; Gallagher et al., 2012; Fisk et al., 2014), 3 (75%) it was found that ecstasy users showed significantly higher rates of intrusions than non-ecstasy users (Fox et al., 2001; Schilt et al., 2008; Gallagher et al., 2012). Fox et al. (2001) and Schilt et al. (2008), both using a version of Rey Auditory Verbal Learning Test (RAVLT), reported that ecstasy users had significantly more intrusion errors than short-term users and controls and non-ecstasy users respectively. Gallagher et al. (2012), while studying the associate learning processes of ecstasy/polydrug users through a word pair learning task, found that ecstasy users showed significantly higher false alarm rates both in the single attention condition (to conjunction and new word pairs) and in the divided attention condition (to conjunction, new and item word pairs). Finally, Fisk et al. (2014), interested in understanding the impact of ecstasy/polydrug use on source memory processes, observed that ecstasy/polydrug users did not differ significantly from non-users regarding hits, false positives rates and sensitivity, even though they were worst in case source memory judgement. All the studies investigating false memories with cannabis users (Riba et al., 2015; Kloft et al., 2019; Cuttler et al., 2021) included in our review utilized the DRM paradigm. Of the two studies with a healthy control group, one (50%; Kloft et al., 2019) did not find a significant difference in the false recognition rates to critical lures between cannabis users and controls but found a significantly higher false recognition rate for unrelated words. This study administered the word list as auditory stimuli. The other (Riba et al., 2015) reported different results, indicating a higher susceptibility to false memories for cannabis users, with significantly higher rates of false recognition (including to critical lures) and lower rates of false memory rejection. Moreover, this higher susceptibility to false recognition appeared associated with a hypoactivation of several spatially distributed brain regions involved in semantic and episodic retrieval. Lastly, Cuttler et al. (2021), who compared different high-potency cannabis flowers and concentrates (but did not use a healthy control), indicated that cannabis intoxication impaired source memory, but did not significantly increase false recognition rates for critical lures. The only study (Henry et al., 2012) that sought to compare the cognitive performance of methadone maintenance patients with and without cocaine dependence, found that patients with cocaine dependence showed a significantly higher false alarm rate in a recognition memory test.


TABLE 4 Key findings.
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3.13. Risk of bias

To assess the risk of bias of the Randomized Controlled Trials, we used the Cochrane Risk of Bias Tool (Higgins et al., 2011). The quasi-experimental studies were evaluated for risk of bias using the Joanna Briggs Institute JBI Critical Appraisal Checklist for Quasi-Experimental Studies (non-randomized experimental studies). In turn, the JBI Critical Appraisal Checklist for Analytical Cross Sectional Studies was used for the assessment of the observational studies.

In the two randomized controlled trials (Gudjonsson et al., 2000; Henry et al., 2012), the methodological issues are not detailed or are incomplete, therefore the risk of bias assessment was limited (information provided in Table 5).


TABLE 5 Risk-of-bias assessment of the randomized controlled trials.
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Regarding quasi-experimental studies (Kramer et al., 1989; Welch et al., 1997; Fox et al., 2001; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Gallagher et al., 2012; Klein et al., 2013; Fisk et al., 2014; Riba et al., 2015; Brion et al., 2017; Kloft et al., 2019; Cuttler et al., 2021), it was found that most studies did not include a follow-up, for that reason this factor was not applicable (see Table 6).


TABLE 6 Risk-of-bias assessment of quasi-experimental studies (Joanna Briggs Institute tool).
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Only two studies (Kloft et al., 2019; Cuttler et al., 2021) showed the existence of follow-up, however, the differences between the groups were not adequately described. It was also found that most of the studies included in the present review did not measure the outcomes before and after the intervention. This presupposition was only verified in the study (Cuttler et al., 2021).

In the observational studies (Gudjonsson et al., 2004; Schilt et al., 2008), the most common sources of bias relate to a poor identification of confounding factors and/or a lack of appropriate strategies to mitigating them (see Table 7).


TABLE 7 Risk-of-bias assessment of observational studies (Joanna Briggs Institute tool).
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The risk of bias assessment identified was discussed between two reviewers (TC; JL). In situations where there were discrepancies and no consensus was reached, the intervention of a third reviewer (TA) was considered.



3.14. Meta-analysis

From the 18 studies included in systematic review, only five (27.8%) were eligible to be included in the meta-analysis since the articles of the remaining studies did not present the necessary data. The authors were contacted for the missing data but only two responded. One study (Schilt et al., 2008) was excluded because it used different comparator groups (ecstasy-users vs. non-ecstasy users) and there were no other studies to allow for a subgroup analysis.

From the five studies that were included in the meta-analysis, two (40%) presented results on the false recognition of critical lures (Riba et al., 2015; Kloft et al., 2019), two (40%) presented results on the false recognition of unrelated items (Thoma et al., 2008; Kloft et al., 2019), and three (60%) presented results on other intrusion error outcomes such as TCC (Maurage et al., 2011; Brion et al., 2017), and false alarm for items of a non-target list (Thoma et al., 2008). Separate analyses were conducted for each of these outcomes.

With regard to false recognition of critical lures, the analysis indicated that there were no significant differences between individuals with a history of substance abuse (in this case, cannabis) and individuals without a history of substance abuse (SMD = 0.26; Z = 0.56; p = 0.57). Heterogeneity between the studies was high, with χ2 = 4.79, p = 0.03, and I2 = 79%. Both of the studies included in this analysis used the DRM paradigm as a measure of false memory and, as such, there was no subgroup analysis.

Concerning false recognition of unrelated items, the analysis indicated that individuals with a history of substance abuse presented significantly higher rates than individuals without a history of substance abuse when measured both by the DRM paradigm (SMD = 0.59; Z = 2.94; p = 0.003) and by a list discrimination task (SMD = 1.10; Z = 3.18; p = 0.001). The test for subgroup differences did not find a statistically significant subgroup effect (p = 0.20).

Finally, the analysis looking into other type of intrusion errors found that individuals with a history of substance abuse presented significantly higher rates of false alarms to non-target list items in a list discrimination task (SMD = 0.94; Z = 2.78; p = 0.005) but not regarding TCC in a continuous recognition paradigm (SMD = 0.38; Z = 0,80; p = 0.42) when compared with individuals with healthy controls. Heterogeneity between the studies in the continuous recognition paradigm subgroup was high, with χ2 = 4,23, p = 0.04, and I2 = 76%. There was no statistically significant subgroup effect (p = 0.34).

The graphic representation for each of the analyses can be found on Figures 2–4 respectively.


[image: Figure 2]
FIGURE 2
 Forest plot of false recognition of critical lures. FM, false memories.
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FIGURE 3
 Forest plot of false recognition of unrelated items. FM, false memories.
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FIGURE 4
 Forest plot of other intrusion errors. FM, false memories.





4. Discussion

The main goal of this systematic review was to synthesize the current scientific knowledge regarding the relationship between substance abuse and susceptibility to false memory formation. In view of the lack of clarity surrounding the conceptualization of the different types of false memories, and the resulting absence of consensus on how to measure them, this was not a straightforward endeavor. For the purpose of this review, we considered three main types of false memories: false recognition/false recall, provoked confabulation, and spontaneous confabulation. As expected, we only found studies focusing on the first two, since spontaneous confabulation is very difficult to measure. We also chose to include any study that presented a measure of false recognition/false recall of items other than critical lures (as measured by the DRM paradigm), with the goal of getting a broader understanding of the impact of substance abuse on false memory and hopefully contribute for the clarification of the associated concepts.

The results suggest that the mentioned clarification is crucial and that different false memory types or intrusion errors (i.e., false recognition/false recall of critical lures, false recognition of other related items, false recognition of unrelated items, provoked confabulations) should be considered independently not only when studying the potential impact of substance abuse but whenever false memory is a topic of interest. In this light, we will discuss the results according to our original research questions, along with the different measures considered in the included studies.


4.1. Individuals with a history of substance abuse vs. healthy individuals

Half of the studies included in the present review used a healthy comparison group (Kramer et al., 1989; Rocha and Albuquerque, 2003; Reich et al., 2004; Thoma et al., 2008; Maurage et al., 2011; Gallagher et al., 2012; Riba et al., 2015; Brion et al., 2017; Kloft et al., 2019), and all of these focused on false recognition/false recall.

The majority of the studies that considered false recognition and false recall of critical lures through the use of the DRM paradigm (Rocha and Albuquerque, 2003; Reich et al., 2004; Kloft et al., 2019) did not indicate an increased susceptibility in individuals with a history of substance abuse when compared to healthy controls. This was true for all studies with alcoholics (Rocha and Albuquerque, 2003) or heavy alcohol users (Reich et al., 2004) and for one study with cannabis-users (Kloft et al., 2019). Only one study (Riba et al., 2015), also looking into the potential impact of cannabis, found different results, with cannabis-users presenting significantly higher false recognition rates for critical lures. The meta-analysis focusing on this particular outcome did not find any significant differences between individuals with a history of substance abuse and healthy controls.

Considering the low number of studies included in the present review, it is difficult to understand if there are any variables that may have contributed for this difference in results. Nonetheless, looking into the studies by Riba et al. (2015) and Kloft et al. (2019), which both focus on cannabis, we can speculate that the duration and frequency of cannabis use may be an important variable for future studies to consider. While in the study by Kloft et al. (2019), the individuals in the experimental group were described as regular cannabis users, in Riba et al. (2015), they were described as heavy cannabis users (defined by daily use for the last 2 years, with an average of 21 years of use and an average of five joints per day).

When considering other intrusion errors, the results were reversed, with a majority of the studies (Kramer et al., 1989; Rocha and Albuquerque, 2003; Thoma et al., 2008; Maurage et al., 2011; Gallagher et al., 2012; Kloft et al., 2019) indicating higher susceptibility for individuals with a history of substance abuse when compared with healthy comparators. This was true for the false recognition/false recall of related (Kramer et al., 1989; Rocha and Albuquerque, 2003) or non-target list items (Thoma et al., 2008) and unrelated (Kramer et al., 1989; Rocha and Albuquerque, 2003) or new items (Thoma et al., 2008). These studies were conducted across a number of different substances, including alcohol (Kramer et al., 1989; Rocha and Albuquerque, 2003; Thoma et al., 2008; Maurage et al., 2011), cannabis (Kloft et al., 2019), and ecstasy/polydrug use (Gallagher et al., 2012). The meta-analysis results indicated that individuals with a history of substance abuse had significantly higher rates of false recognition of unrelated items when compared to healthy comparators. The difference between the groups was medium to large depending on the procedure used.

The results support the hypothesis that different types of intrusion errors (i.e., false recognition/false recall of critical lures and of related and unrelated items) may have distinct underlying neural mechanisms which, in turn, are differently impacted by substance abuse. The hypothesis of distinct neural substrates was first proposed when studies on amnesiacs showed that these individuals had similar decreases in true and related false recognition rates but, paradoxically, presented increases in unrelated false recognition rates (Schacter and Slotnick, 2004). It has since been the subject of further research, for example in the study by Garoff-Eaton et al. (2006), looking into the neural basis of false recognition. These authors found that related and unrelated false recognition of items may be associated with distinct patterns of neural activity, with items related false recognition sharing more specific neural activity with true recognition than with unrelated false recognition. Moreover, the only neural activity uniquely associated with false recognition of unrelated items was registered in brain regions thought to be involved in language processing. According to the above-mentioned authors, these results may be explained by the fact that although no verbalizable shapes were used in the study, participants reported associating verbal labels with these stimuli.

Even though this and similar studies offer important insights into the neural differences between false recognition of related and unrelated items, there is still a lot that is not understood. The results of this review indicate that individuals with a history of substance abuse may have a greater susceptibility to both related and unrelated false recognition, but not to the false recognition of critical lures. Can these results be explained by possible methodological limitations of the studies or are there also significant neural differences between false recognition of related items and false recognition of critical lures? To our knowledge there are no studies looking into this particular question or on how it may relate to the impact of substance abuse on these types of intrusion errors.



4.2. Individuals with a history of substance abuse vs. neurological conditions

Only two of the included studies (Welch et al., 1997; Brion et al., 2017) considered a neurological condition as a comparison group, with one focusing on false recognition/false recall (Brion et al., 2017) and the other on provoked confabulation (Welch et al., 1997). Regarding false recognition, Brion et al. (2017), using a continuous recognition task, showed that only patients with Korsakoff Syndrome showed a significantly higher rate of temporal context confusions compared to both alcoholic patients (without that syndrome) and healthy comparators. Similarly, Welch et al. (1997), making use of the Card D of the visual reproduction subtest of the WMS-R, found that only alcoholics with brain damage produced alterations that resembled “drinking vessels”. None of the alcoholics without brain damage or the participants belonging to the other comparison groups (temporal lobe epilepsy, Parkinson, Neurotoxic exposure) produced similar alterations.



4.3. Real-world implications of increased susceptibility to false memory formation

Most of the studies reviewed had not the purpose to examine or even discussed potential real-world implications of an increased susceptibility to false memory formation by substance abuse individuals. However, some studies (Reich et al., 2004; Klein et al., 2013) focused not only on the susceptibility to false memory in general, but on the susceptibility to false substance-related memories. Using an adapted DRM paradigm, Reich et al. (2004) found that even though heavy drinkers did not show significantly higher false recognition rates compared to healthy comparators when in a neutral context, they did show a significant increase for target alcohol-expectancy words when in an alcohol-related context (bar). Similarly, Klein et al. (2013) found that patients receiving treatment for alcohol-dependence showed a significant increase in both hit and false alarm rates for alcohol-related words when in comparison with neutral words.



4.4. Recommendations for future research

In future studies it would be interesting to understand if the duration and frequency of use are moderators of the impact cannabis and may have an effect on the susceptibility to false memory formation as measured by the DRM paradigm. Likewise, in addition to these factors, it would be important to explore the presence of polydrug use in false memories formation, this because there is a growing interest in recent years in relation to other types of memories (for visual episodic memory; e.g., Binkowska et al., 2021; prospective memory; e.g., Platt et al., 2019).

In turn, it is important to note that we did not find studies on provoked confabulation that included a healthy control group, making it impossible to examine the potential impact of substance abuse on this type of false memory. This gap in the literature signals the need for more research into this question.

We also consider that future studies could investigate how alcoholics with and without brain damage compare to some of the previously mentioned neurological conditions (Section 4.2) on different (and more neutral) measures of provoked confabulation.

Considering that cravings for substance use can often be triggered by memories of past use, we can hypothesize that an increased susceptibility to false memory for substance-related events and/or in a substance-related context could play an important role in relapse. Future research with individuals with a history of substance abuse could also investigate the potential association between false memories, cravings, relapse, as well as previous traumas and unresolved negative emotions (e.g., guilt and shame).

Furthermore, considering the traumatic impact of the COVID-19 pandemic, which possibly resulted in an increase in substance use (Lundahl and Cannoy, 2021; Roberts et al., 2021; Taylor et al., 2021) as a way to mitigate traumatic experiences, it would be important for future research to relate these topics with false memories formation.

Future studies looking into false memory in individuals with a history of substance abuse or with a substance use disorder should consider different well-defined types of false memories (or intrusion errors) and associated measures. Moreover, they should explore the association between increased susceptibility to false memory formation (potentially with regard to substance-related events or in substance-related contexts) and relevant clinical variables.



4.5. Limitations

The presented results should be interpreted considering our review's limitations. There was a high level of heterogeneity among the included studies with regards to study design, target population, and procedures for eliciting false memories and therefore how they were measured. This was in part explained by our decision to include all studies with some kind of intrusion error. Even though we consider this option to have enriched the present review by providing a broader overview of the potential impact of substance abuse on memory and false memory formation, it also made it harder to compare the studies' results. Moreover, it makes it impossible to generalize these results to all individuals with a history of substance abuse.

Beyond high heterogeneity, the low number of studies looking into the same substance and considering equivalent false memory procedures/measures also kept us from being able to effectively explore the relative impact of different substances on the susceptibility to false memory formation. Similarly, the existence of only a couple of published studies focusing on provoked confabulations and their lack of a healthy control group kept us from reaching any conclusions, no matter how dubious, regarding the relative susceptibility of individuals with a history of substance abuse to this type of false memory.

It is also important to highlight that some of the studies did not provide all the necessary information that would allow for replication or even for being subject to quality assessment. Many of the studies in the present review did not provide the necessary data to be included in the meta-analysis and only two authors sent the requested missing data when contacted. Thereupon, when doing the analyses according to the outcome, we were only able to consider three of the false memory measures used in the included studies. Moreover, we were not able to complete subgroup analyses according to other relevant variables, such as substance type.




5. Conclusion

False memories are a complex topic, made more so by a lack of clarity and consensus in the definitions and considered measures. Although we tried to consider this fact and described each of the constructs included in this review, we do not envision that we, in any way, clarified all the questions and confusion encompassing this subject matter. If anything, the first conclusion that we can make is that there is a need for more scientific discussion going into false memories, what they are and what they are not, what types should be considered, and how they should be elicited and measured. It is also sure that the study of false memories in individuals with a history of substance abuse is very sparse and that, for a better understanding, claims for more acute research. We consider that it would be helpful for future research to continue to include resources written in different languages, not just written in English. This can contribute to a broader understanding of false memories.

Given the high heterogeneity (across several factors) among the included studies in the present review, it is not surprising the observation of some contradictory results. Nonetheless, it is still possible to recognize some trends in this area. Most of the studies using the DRM paradigm and, as such, using false recognition/false recall of critical lures as a measure of false memory, did not find significant differences between substance abuse individuals and healthy comparators. On the other hand, most of the studies considering another type of intrusion error (false recognition/false recall to related and unrelated items) registered significant differences and pointed to increased susceptibility in individuals with a history of substance abuse. Finally, the studies on provoked confabulation were few and their study design did not allow for any conclusions regarding the population of interest.
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Methadone maintenance

Methadone, Cocaine

MMP with current cocaine dependence

422+ 0.9 in MMP/CD+

MMP/CD+: % 43%;

patients (MMP) with (MMP/CD+), n=53 47.0 £ 1.7 in MMP/CD- MMP/CD-: & 37%
current cocaine MMP without current cocaine dependence
dependence (MMP/CD-), n =24
Klein etal. (2013) United States. Patients recently Alcohol 100 42.72 £ 11.95 60%
admitted to residential
alcohol treatment
Fisk et al. (2014) United Kingdom Ecstasy/polydrug users Ecstasy and other illicit Ecstasy/polydrug 22.59 #2.52 in male ecstasy users Ecstasy users/

substances

users (n = 72)
Non ecstasy users

21.60 = 2.10 in female ecstasy users
21.19 £ 1.82 in male non-users

polydrug users: & 51%;
Non-users: £ 36%

(n=75) 20.48 = 2.27 in female non-users
Riba et al. (2015) Spain Cannabis users Cannabis Heavy cannabis users (1 = 16) NP NP
Healthy controls (n = 16)
Brion et al. (2017) Belgium Patients with Korsakoff | Alcohol Korsakoff group (KS; n = 19) 54.84 4 8.00 in KS group KS: £ 53%
syndrome and Alcoholic dependence (ALC; n = 19) 52.37 £ 6.15 in ALC group ALC:
Alcohol-dependent Healthy control participants (CP; n = 19) 52.58 & 5.43 in CP +47%
individuals CP: & 53%
Kloft et al. (2019) Netherlands Cannabis users Cannabis Cannabis intoxication 21.6 % 2.5 in cannabis intoxication group Cannabis intoxication:
group (n = 53) 21.1 % 3.1 in cannabis sober group +87%
Cannabis sober group 22.5 % 2.8 in control group Cannabis sober: 86%
(n=50) Control:
Control group +38%
(n=53)
Cuttler et al. (2021) United States. Cannabis users Cannabis Cannabis users (n = 80): Sober (n = 20), Total: 23,87 £ 5,67 Total: 56.3%
Tetrahydrocannabinol (THC) (n = 20), Sober: 25.25 £ 7.37 Sober: 50%
THC + Cannabidiol (CBD) (n = 20) and THC flower: 23.50 + 5.61 THC flower: 55%
Concentrates group (n = 20) THC + CBD flower: 22.75 = 4.66 THC + CBD flower:
Concentrates group: 24.00  4.77 70%

Concentrates group:
50%

NP, not provided.
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Quasi-experimental
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False recognition
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Quasi-experimental
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to cannabis (<10 lifetime occasions
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False recognition

DRM paradigm (word list
administered as auditory stimuli)
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California Verbal Five learning trials of a 16-word target list (four words for each semantic category). After each Free immediate, short-delay and long-delay recall. 1 Kramer et al., 1989

Learning Test trial, participants recall as many words as possible. An interference list is then presented for a Intrusions during recall (false recall)

(CVLT) learning trial, and after a short delay, participants recall the target list. Long delay free recall, cue | Corrects hits on recognition
recall and recognition are assessed after 20 min. Recognition task uses yes/no paradigm, 16 False positives on recognition (false recognition
targets and 28 distractors. Distractors consist of interference words (both semantically related assessed through false positives regarding novel
and semantically unrelated to targets), and novel words (prototypical of semantic categories, prototype words)
phonemically similar, neither semantically nor phonemically related to the targets).

Continuous Two blocks, being the first a recognition task composed of 6 trials, each with a sequence of 20 For each block: Reaction time, Number of hits, False 2 Maurage et al,, 2011;

recognition black-and-white drawings of animals or real objects (the same 8 targets on each sequence, but 12 | alarms Brion etal., 2017

paradigm/task different distractors). Each trial consists in a 700-ms fixation cross, followed by the drawing Temporal context confusion (TCC) - relative increase
items. Participants have to decide if each drawing was presented previously in the current trial. of false alarms in the second run as compared to the
Second block is presented 1h after the first one and uses the same procedure. In this block, first (false recognition measure)
targets items are replaced so that eight distractors from the first block become target items (and TCC = (FP2/Hits2) - (FP1/Hits1)
target items from the first block become distractors). Instructions remain the same.

DRM Paradigm A study phase, in which the participants either read or hear a variable number of word lists, and Hit rate 5 Rocha and Albuquerque,
a testing phase in which the participants are asked to freely recall or/and recognize (from a False alarm rate for critical lures 2003; Reich et al.,, 2004;
presented list) the previously studied words. False alarm rate for related words Riba et al,, 2015; Kloft
Each of the lists of words presented in the study phase is semantically related to a non-presented | False alarm rate for unrelated words etal, 2019; Cuttler et al,,
word (critical lure). In the recognition test, the critical lure (along with other related and Net accuracy 2021
unrelated words) is included in the presented list.

Rocha and Albuquerque (2003) used eight lists with seven Portuguese words each and assessed
both free recall (2,5 min per list) and recognition (3 min after the recall of the last list). In the
recognition condition, confidence level was also assessed.

Reich et al. (2004) used six lists, five neutral lists to establish baseline and one target list with
either alcohol expectancy words (experimental group) or nonalcohol expectancy adjectives
(control group). The target list was always presented fourth in the sequence. Target lists were
significantly different from the word lists traditionally used in the paradigm, namely because
they were composed by adjectives (instead of nouns) and had almost no semantic association
with the target words.

Riba et al. (2015) used 20 lists of four words. Fifteen lists were composed of four semantically
related Spanish words, and the remaining lists were composed of three semantically related
words and one catch word (to control for the subjects’ attention). The authors only considered
the recognition condition.

Kloft et al. (2019) used 10 lists of 10 words each. The authors only assessed recognition and not
free recall. Finally, Cuttler et al. (2021) used six lists of 12 words each. They assessed free recall
immediately after the participants heard each list. Recognition was assessed after a 10-min
retention interval.

List discrimination Six study-test blocks, each with two study lists (16 items per list) and two test lists (24 items per Hit rate 1 Thoma et al., 2008

task list). Test lists include eight words each study list, and eight novel words presented in random False alarm rate to items from non-target list.
order. Participants are instructed to make confidence judgements (six-point scale from “certain False alarm rate to novel items
yes” to “certain no”) relating to the list membership of each item. Old/new recognition score and discrimination score
The first and second study lists each serve as target lists (and are tested first) in half the test
blocks.

Recognition In Klein et al. (2013), they presented words and asked the participants if they had seen them in For each word type: Hit rate, False alarm rate 2 Henry et al,, 2012; Klein

‘memory test an earlier attentional task. Sixteen (eight alcohol and eight gemstone) words had been previously | d prime (discrimination score) etal, 2013
presented and 16 were new (four related to alcohol and four related to gemstones). The beta (bias measure)
remaining distractors were unrelated to each category or to each other.

In Henry et al. (2012), the recognition memory test was not described.

Rey Auditory Five learning trials in which the participants are presented with a list of 15 words at the rate of Memory score (total correct words out of 15) 2 Fox et al,, 2001; Schilt

Verbal Learning one word per second each. Each trial is followed by immediate recall. An interference list of 15 Total incorrect words unrelated to the stimulus list etal., 2008

Test (RAVLT) words is then presented, after which recall of the target list is tested. Total incorrect words semantically or phonetically
In Fox et al. (2001), after the fifth trial, a new 15-word list was presented followed by immediate related to the stimulus list
recall. Afterwards, the participants were asked to once again recall the first list. Delayed recall Intrusion errors from one list into the other (in Fox
was assessed after 30 minutes (0.5h) and recognition was not assessed. etal., 2001).

In Schilt et al. (2008), a second list was not presented. Delayed recall and recognition were
assessed after 20 min.

Source memory In the study phase, two lists of 32 words are presented, with each word being displayed on the Number of hits 1 Fisk etal., 2014

task screen for 4s. Half the words in each list are presented in the top section of the computer screen, False positive responses
and the other half on the bottom section. Similarly, half the words are presented with upper case | Estimate of sensitivity
and half with lower case. Percentage of correct source memory judgements (list,

In the recognition phase, all 64 words from the studied lists are presented along with 64 new position, format)
words.

In Fisk et al. (2014) both recognition and source memory were assessed. Participants were asked

to decide if each word had been presented previously, as well as indicate its position, format and

original list.

‘Word pair learning In the encoding phase, 80 word pairs (two common concrete nouns) are presented in a Number of hits 1 Gallagher et al., 2012

task randomized order, each displayed for 4s in the computer screen (500-ms gap). False alarms
The recognition phase immediately follows the encoding phase, and consists of the initial 80 Mean number of old responses (for each of the word
words pairs and an additional 60 new ones. Words pairs can be old word pairs (previously pair types)
presented), a new conjunction (with previously presented words that had not belong in the same
word pair), a new item (one previously presented word and one new word), and new word pair
(both words are new). Each of these four word pair types appears 15 times during recognition.

Participants are asked to decide if a word pair is old (previously presented as a word pair) or new
(conjunction, item, or word pair).

In Gallagher et al. (2012) recognition was assessed under single attention and divided attention
(with a digit-monitoring task in the encoding phase) conditions.

Provoked confabulation

Confabulation score | Evaluates confabulation in memory recall and considers a distinction between “distortions” Distortion score. Fabrication score. Confabulation 2 Gudjonsson et al., 2000,

of Gudjonsson (minor alteration in memory) and “fabrications” (significant new information being added). score 2004

Suggestibility Scale

Visual In Welch et al. (1997) the visual reproduction subtest of the WMS-R was administered in the Modifications in the Card D productions: 1 Welch et al., 1997

Reproduction standard format. Productions of the Card D created by the participants were later examined for 90-degree rotation

subtest of WMS-R
(Card D)

changes that might make the figure resemble a drinking vessel (¢.g., wine glass).

Embellishment into glass-like figure.
Comments about having been shown a drinking vessel
for any type of alcohol






OPS/images/fpsyg-14-1176564-t004.jpg
References

S

ly objective(s)

False recall and false recognition

Kramer et al. (1989)

Test the premature aging hypothesis of alcoholism. More
specifically if alcoholism leads to premature aging of
memory functioning.

Key findings

The results did not support either variant of the premature aging
hypothesis, indicating that the effects of aging and alcohol abuse
on verbal learning represent different phenomenon.

Regarding false recall, alcoholics presented more intrusions
(across false positive types, including novel prototype words) than
controls.

Fox etal. (2001)

Investigate how the deficits on verbal working memory and
memory span seen in drug-free ecstasy polydrug users, affect
the learning of verbal material.

Examine potential differences between short and long-term
Ecstasy polydrug users and polydrug users who never
consumed Ecstasy (or used it on two or less occasions).

Ecstasy user groups recalled significantly fewer words both on the
initial trials (1, 2, 3) and on the delayed recall phase (Trial 7).
Long-term ecstasy users (vs. short-term ecstasy users and
controls) made more combined (intrusion and association) errors
on the immediate recall component of AVLT and list B.

Rocha and Albuquerque
(2003)

Analyze memory deficits and the occurrence of memory
illusions (false recall and false recognition) in alcoholics
using the DRM paradigm.

The experimental group’s average of recalled words was
significantly lower than the control group, which supports a
higher recall capacity by the control group.

There were no significant differences between the groups
regarding false recall or false recognition of critical lures, but there
were significant differences in the free recall of other intrusions
(with the experimental group showing a higher percentage).

Reich et al. (2004)

Test two assumptions of the alcohol expectancy theory,
which say that memories relating to alcohol effects are stored
as templates of information and that these are automatically
activated when in alcohol-related contexts.

The hypotheses were that: (1) participants would present
more false memories for alcohol expectancy words in an
alcohol-related context; (2) participants with a history of
heavy drinking would present more false memories in an
alcohol-related context (vs neutral context).

The results were consistent with both studied components from
the alcohol expectancy theory.

All participants (non-drinkers, light-drinkers, and
heavy-drinkers) showed similar results in standard DRM lists.
Participants with a heavy drinking pattern presented significantly
more false memories in an alcohol-related context (bar) than ina
neutral context. This difference was not significant for
participants with lower drinking patterns.

Schilt et al. (2008)

Investigate the sustained effects of ecstasy on cognitive
functioning (independent of other substances) using a
neuropsychological examination.

Ecstasy independently accounted for significant verbal memory
impairments. Ecstasy users (vs. non-users) recalled fewer words
and presented more intrusion errors.

Thoma et al. (2008)

Study the effects of chronic alcohol consumption on
recollection and familiarity using a verbal list discriminating
task and analyses based on the dual process signal detection
model (DPSD) and the process dissociation procedure
(PDP).

Alcohol-dependent participants showed significant recollection
impairment in both DPSD and PDP analyses, but only showed
familiarity impairment according to analyses based on the PDP.
Alcohol-dependent participants presented significantly higher
false alarms rates (both to non-target list and to novel items) than
healthy comparators.

Maurage et al. (2011)

Explore the association between olfactory and executive
functions in alcoholic individuals and investigate the
usefulness of olfaction as a cognitive market of psychiatric
states.

High-level olfactory functions and executive functions
implicating the orbitofrontal cortex were positively correlated in
both alcoholics and controls.

Alcoholics showed a significant impairment for high-level
olfactory processing and a significantly higher temporal context
confusion (TCC) index.

Gallagher et al. (2012)

Henry et al. (2012)

Klein et al. (2013)

Study the associate learning processes of ecstasy/polydrug
users using a word pair learning task.

Compare the cognitive performance of methadone
maintenance patients with and without cocaine dependence
using a standard battery of tests.

Investigate the presence of attention and recognition
memory biases for alcohol-related stimuli in patients
admitted into a residential treatment for alcohol
dependence.

Ecstasy users showed higher false alarm rates (vs. non-users) to
conjunction and new word pairs in the single attention condition
and to conjunction, new and item word pairs in the divided
attention condition.

Patients with cocaine dependence (vs without cocaine
dependence) only showed significantly more impairment on
some psychomotor performance/attention and episodic memory
measures.

Patients with cocaine dependence had a significantly higher false
alarm rate but similar hit rate to patients without cocaine
dependence.

Patients presented a significant cognitive processing bias for
alcohol-related stimuli. Both hit and false alarm rates were higher
for alcohol-related words than for neutral words.

Fisk et al. (2014)

Riba etal. (2015)

Examine the impact of ecstasy/polydrug use on source
memory processes by comparing ecstasy/polydrug users
with non-users.

Investigate the impact of chronic cannabis use on the ability
to distinguish between veridical and illusory memories, that
is, on the susceptibility to false memories.

The performance of ecstasy/polydrug users and non-using
controls did not differ significantly regarding hits, false positives,
and sensitivity.

Ecstasy/polydrug users were significantly worse than non-using
controls in letter case judgement.

Cannabis users presented a significantly higher susceptibility to
false memories, with higher rates of false recognition and lower
rates of false memory rejection.

This deficit appeared associated with a hypoactivation of a
number of distributed brain regions involved in semantic and
episodic retrieval.

Brion et al. (2017)

Explore the source memory deficits presented by patients
with Korsakoff Syndrome using a “continuous recognition
task”,

Patients with Korsakoff Syndrome showed a higher rate of
temporal context confusions, registering source memory
impairments.

Patients with alcohol dependence (but without Korsakoff
Syndrome) did not show similar source memory deficits.
Patients with Korsakoff Syndrome presented significantly more
false detections than patients with alcohol dependence or healthy
comparators.

Kloft et al. (2019)

Investigate if cannabis use leads to an increase of the
susceptibility to false memory formation.

Cannabis users (vs. non-users) did not show a significantly higher
false memory rate for critical lures. However, both intoxicated
and sober cannabis users presented a significantly higher false
recognition rate for unrelated items.

Cuttler et al. (2021)

Examine acute effects of both high-potency cannabis flower
and concentrates on memory and decision-making.

Cannabis significantly impaired free recall and increased false
memory rates for related and unrelated words. Cannabis did not
significantly increase false recognition rates for critical lures.
Cannabis showed a detrimental effect on source memory.

Provoked confabulation

Welch et al. (1997)

Evaluate a potential specific visual confabulation in alcoholic
patients by conducting a retrospective search for “wineglass”
rotations after the administration of the Card D of the visual
reproduction subtest of the WMS-R.

Twenty percent of the group of alcoholics with brain damage (6
patients out of 30) presented spontaneously produced alterations
to the Card D resembling the bowl and stem of a drinking vessel.
None of the alcoholic controls or the patients in the other groups
made this alteration.

Gudjonsson et al. (2000)

Investigate the impact of alcohol withdrawal on the accuracy
of information obtained in an interview and on the ability to
cope with interrogative pressure.

This was done by comparing the levels of suggestibility and
compliance of patients who were tested at the beginning of
their hospital admission, and patients who had been
hospitalized for at least 6 days.

Suggestibility scores did not differ significantly between the two
groups, despite a significant difference regarding memory, overall
cognitive functioning, and anxiety levels.

Gudjonsson et al. (2004)

Investigate the relationship between suggestibility and
alcohol withdrawal in male and female alcoholics.

The severity of withdrawal symptoms was significantly associated
to memory, confabulation, suggestibility, and compliance scores.
This relationship differed according to sex.

For males, severity of withdrawal symptoms was negatively
associated with memory performance.

For females, severity of withdrawal symptoms was negatively
associated with distortions and positively associated with
fabrications.
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Q7-Were the outcomes measured in a valid and reliable way?

Q8-Was appropriate statistical analysis used?
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