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Objective: Psychotic-like experiences (PLEs) are increasingly being recognized as subclinical phenomena that might predict the development of various mental disorders that are not limited to the psychosis spectrum. Accumulating evidence suggests that attention-deficit/hyperactivity disorder (ADHD) and post-traumatic stress disorder (PTSD) are highly comorbid mental disorders. However, their interactive effect on the occurrence of PLEs has not been investigated so far. Therefore, in the present study we aimed to investigate the effect of interaction between ADHD and PTSD symptoms on the level of psychotic-like experiences (PLEs) in the non-clinical sample.

Methods: The study included 3,000 individuals aged 18–35 years with a negative history of psychiatric treatment. The symptoms of ADHD and PTSD were assessed using self-reports.

Results: There was a significant association of the interaction between ADHD and PTSD with the level of reporting PLEs. This association remained significant after adjustment for age, gender, the level of education, the current vocational situation, lifetime history of problematic substance use, and depressive symptoms. Post-hoc tests demonstrated significantly higher levels of reporting PLEs in participants with positive screening for both ADHD and PTSD compared to other subgroups of participants. Also, individuals with positive screening for one vulnerability (either ADHD or PTSD) reported significantly higher levels of reporting PLEs compared to those with a negative screening for ADHD and PTSD. In turn, no significant differences between individuals reporting one vulnerability, i.e., between those with positive screening for ADHD and those with positive screening for PTSD, were observed.

Conclusion: Findings from the present study imply that both PTSD and ADHD symptoms the interaction effect on the level of reporting PLEs that might be of importance for early intervention strategies. However, observed associations require replication in clinical samples.
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1. Introduction

Psychotic-like experiences (PLEs) represent frequent psychopathological phenomena with the median annual prevalence estimated at 7.2% according to a systematic review and meta-analysis (1). Most commonly, PLEs are defined as subclinical phenomena that develop in the absence of underlying illness in terms of international diagnostic systems (2–4). It has been shown that the emergence of PLEs is associated with increased risk of developing mental disorders that are not limited to psychosis spectrum, suicidal behavior, multimorbidity, and poor functioning (5, 6). Although a great progress toward understanding the mechanisms contributing to the development of PLEs has been made in recent years, certain aspects remain unclear.

One of the most crucial mechanisms that might account for the appearance of psychosis spectrum symptoms are alterations in the process of neurodevelopment (7, 8). It has been reported that psychotic symptoms often occur in vulnerable populations affected by common neurodevelopmental disorders. Among them, several studies have focused on attention-deficit/hyperactivity disorder (ADHD) that might persist until adulthood, and affect even 2.5% of adults (9, 10). It has been demonstrated that ADHD diagnosed in childhood is associated with a fivefold higher risk of psychotic disorder in adulthood (11). Moreover, ADHD is highly comorbid with other mental disorders, including, i.e., autism spectrum disorder (12), mood disorders (13, 14), substance use disorders (15, 16).

Exposure to traumatic events is a well-known trigger of various psychiatric disorders, including post-traumatic stress disorder (PTSD) with prevalence rates estimated at 5.6% of trauma-exposed individuals (17). The association between PTSD and psychotic symptoms has been established by several studies and summarized in the ICD-11 for both PTSD and complex PTSD. Moreover, certain risk factors for psychotic symptoms secondary to a diagnosis of PTSD have been reported. These include trauma-related characteristics (childhood trauma and war trauma), refugee and ethnic minority status, comorbid mood disorders and substance use (18). PLEs secondary to PTSD usually include persecutory ideation and auditory or visual hallucination-like experiences (19, 20). Moreover, there is evidence that psychotherapeutic interventions based on cognitive behavioral therapy (CBT) and eye movement and desensitization and reprocessing therapy (EMDR) might be effective for people with PTSD comorbid with other mental disorders and psychotic symptoms (18).

Accumulating evidence indicates that ADHD and PTSD tend to co-occur and might be causally associated (21). Indeed, the most recent Mendelian randomization study demonstrated that ADHD genetic liability increases the risk of PTSD (22). Authors of this study found that risk-taking behaviors, household income, and educational attainment might only partially mediate this association. Specific neurobiological mechanisms underlying the association between ADHD and PTSD are yet to be determined. Nevertheless, it has been found that prenatal nicotine exposure leads to the development of ADHD-like behaviors together with impairments of fear extinction learning in mice (23, 24). The later one might also occur in people with PTSD (25). There are also studies showing beneficial effects of methylphenidate on fear extinction and PTSD symptoms (26, 27). Also, a number of risk factors for comorbid ADHD and PTSD have been reported including the effect of low intelligence quotient, a history of traumatic experiences in parents, alcohol use disorders and familial transmission of this comorbidity (28–30). It has been shown that a diagnosis of PTSD in individuals with ADHD is associated with a higher risk of psychiatric hospitalization, school impairment, worse social and cognitive performance as well as a higher likelihood of mood, conduct disorder, and anxiety disorders (29, 31).

To date, none of previous studies have investigated the interactive effects of PTSD and ADHD symptoms on the occurrence of PLEs. In the present study, we hypothesized that PTSD and ADHD symptoms exert interaction effects on the level of reporting PLEs. Our aim was to explore the interaction between PTSD and ADHD symptoms in a non-clinical population of young adults.



2. Methods


2.1. Recruitment procedures

The total sample included 3,000 individuals recruited through social media and the survey website. Recruitment was conducted via an online survey, with the advertisement targeted at individuals aged 18–35 years, without a history of psychiatric treatment. The findings reported in the present article represent a part of a bigger project investigating epigenetic mechanisms of psychosis proneness. At the screening level, the survey included only email addresses and telephone numbers for participants willing to participate in further stages of the project. Additional personal data were not collected at this stage of the project. Some findings from this study were published previously (32–34). The study was approved by the Ethics Committees at the Institute of Psychology (Polish Academy of Sciences in Warsaw, Poland, approval number: 16/VII/2022), Wroclaw Medical University (Wroclaw, Poland, approval number: 129/2022) and Pomeranian Medical University (Szczecin, Poland, approval number: KB-006/25/2022).



2.2. Measures


2.2.1. PLEs

The occurrence of PLEs was assessed using a 16-item self-report referring to the preceding month. Participants were asked to assess the frequency of PLEs on a 4-point scale (1 – “never”; 2 – “sometimes”; 3 – “often” and 4 – “almost always”), taking into consideration the experiences that had not been related to substance use. Specific items were selected from three questionnaires, including: (1) the Revised Hallucination Scale (35–37): “I hear voice speaking my thoughts aloud,” „I hear people call my name and find that nobody has done so” and “I see shadows and shapes when there is nothing there”, (2) the Revised Green et al., Paranoid Thoughts Scale (38): “I spent time thinking about friends gossiping about me,” “People wanted me to feel threatened, so they stared at me,” “I was convinced there was a conspiracy about me,” “I was distressed by being persecuted” and “People have been dropping hints for me”, and (3) the Prodromal Questionnaire (39): “When I look at a person, or look at myself in a mirror, I have seen the face change right before my eyes,” “I have heard things other people cannot hear like voices of people whispering or talking,” “I often feel that other have it in for me,” “I have seen things that other people apparently cannot see,” “I have had the sense that some person or force is around me, even though I could not see anyone,” “I sometimes see special meanings in advertisements, shop windows, or in the way things are arranged around me,” “I sometimes smell or taste things that other people cannot smell or taste” and “I often seem to live through events exactly as they happened before.” We decided to use items from various questionnaires as existing tools often record the presence of various experiences including hallucination-like experiences, delusion-like experiences, negative, and depressive symptoms (40). The total score of this questionnaire ranges between 16 and 64 points, with higher scores referring to the greater number and frequency of PLEs. The Cronbach’s alpha of the questionnaire in the present study was 0.784.




2.3. The screening for ADHD

The Adult ADHD Self-Report Scale (ASRS) was administered to screen for ADHD. It includes 9 items measuring inattention and 9 items measuring impulsivity/hyperactivity over the period of the preceding 6 months (41). Each item is based on a 5-point scale (from 0 – “never” to 4 – “very often”). The total ASRS score ranges between 0 and 72. The first six items of the ASRS were found to show the highest utility in screening for ADHD. It has been found that individuals scoring positively on at least four of these items should be further assessed for a diagnosis of ADHD (41). Positively scored items include those with the symptom frequency reported to be at least 2 – “sometimes” (items 1–3) or 3 – often (items 4–6). Following this threshold, participants were divided into those with positive screening for ADHD and those with negative screening for ADHD. The Cronbach’s alpha of the ASRS was 0.819 in the present study.



2.4. The screening for PTSD

Participants were screened for a diagnosis of PTSD using three questions from the Mini-International Neuropsychiatric (M.I.N.I.) (42): 1) “Have you ever experienced, witnessed or faced an extremely traumatic event, during which people have died or you and/or other persons been in danger of being killed, were severely injured or were harmed with regard to their physical integrity? Examples of traumatic events: severe accident, physical assault, rape, terrorism, hostage-taking, kidnapping, fire, discovering a dead body, sudden death of a significant other, war, natural disasters.”; 2) “Do you often think of this event in a distressing way, do you dream about it or do you frequently have the impression of re-experiencing it?” 3) “Since the occurrence of this event, have you had a tendency to avoid everything that could remind you of the event?.” Participants were classified as screened positive in case of positive responses to all questions.



2.5. Depressive symptoms

Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9) (43). It is a 9-item questionnaire that measures the level of depressive symptoms over the preceding two weeks. Each item of the PHQ-9 is based on a 4-point scale that records the frequency of depressive symptoms (from 0 – “not at all” to 3 – “nearly every day”). The total PHQ-9 score ranges between 0 and 27 with higher scores corresponding with greater severity of depressive symptoms. The Cronbach’s alpha for the PHQ-9 was 0.763 in our sample.



2.6. Other measures

Participants were also asked about age, gender, the level of education, as well a family history of schizophrenia and mood disorders. The level of education was categorized as follows: (1) primary (graduation from primary school only), (2) vocational (gives preparation for professional employment, based on education in basic vocational schools, basic schools or other equivalent schools, or study of crafts); (3) secondary (graduation from a general or vocational secondary school), (4) incomplete higher (a person studied at a university, but did not obtain a diploma), and (5) higher (obtaining a bachelor’s, engineer’s, master’s, or equivalent degree; this category also includes the PhD degree). Current vocational situation [(unemployed, i.e., lack of employment), student (in the course of studies, i.e., first, second or third degree) without full-time job), employed (full-time job), rent (on social support/ security benefits)]. The lifetime problematic substance use was assessed using the screening question from the M.I.N.I. (“Have you ever taken any of these drugs, on one or more occasions, to get better, to get a good mood, or to change your current mood?”; the list of various substances has been provided) (42). Positive response to this question was coded as “problematic substance use.”



2.7. Data analysis

The analysis of variance (ANOVA) was used to test the association of positive screening for PTSD and ADHD (the independent variables) with the level of reporting PLEs (the dependent variable). In the first ANOVA model, results of screening for PTSD and ADHD together with the interaction term (PTSD × ADHD screening results) were included as the only independent variables. The interaction term (PTSD × ADHD screening results) resulted in creating four groups: (1) individuals who screened positive for ADHD, but not for PTSD (the ADHD(+), PTSD(−) group), (2) individuals who screened positive for PTSD, but not for ADHD (the ADHD(−), PTSD(+) group), (3) individuals who screened positive for both ADHD and PTSD (the ADHD(+), PTSD(+) group), and (4) individuals who screened negative for ADHD and PTSD (the ADHD(−), PTSD(−) group). Next, sociodemographic characteristics, including age, gender, the level of education (higher or incomplete higher vs. other) and the current vocational situation (employed or student vs. other) were added as covariates. Finally, the lifetime history of problematic substance use and the PHQ-9 score were added to the ANOVA model as covariates. Post-hoc comparisons were performed using the Games-Howell test. The results of data analysis were interpreted as significant in case of p < 0.05. All analyses were carried out using the SPSS software (version 28).




3. Results

The majority of participants were females (58.3%), individuals with a higher level of education (40.7%), students (51.9%) and people reporting being married or informal relationship (66.6%) (see Table 1 for sample characteristics). Family history of schizophrenia and mood disorders among first- or second-degree relatives was reported by 4.9 and 19.9% of the sample, respectively. A history of problematic substance use was declared by 37.2% of participants. The analysis of data from the questionnaires screening for ADHD and PTSD revealed the following findings: 1) 18.4% were screened positive for ADHD, but not for PTSD (the ADHD(+), PTSD(−) group); 2) 3.7% were screened positive for PTSD, but not for ADHD (the ADHD(−), PTSD(+) group) and 3) 3.7% were screened positive for both ADHD and PTSD (the ADHD(+), PTSD(+) group). Specific subgroups of participants differed significantly with respect to age, gender, education, rates of family history of mood disorders, self-reported lifetime problematic substance use, the level of reporting PLEs, and the PHQ-9 score.



TABLE 1 Descriptive characteristics of the sample.
[image: Table1]

The ANOVA demonstrated significant effects of screening for PTSD and ADHD as well as the ADHD × PTSD interaction on the level of reporting PLEs in general, including delusion-like experiences (DLEs) and hallucination-like experiences (HLEs), even after adding potential covariates to the model (Table 2). The models with all potential covariates explained 26.1, 27.0 and 11.9% of the variance in reporting PLEs, DLEs and HLEs, respectively (by means of the adjusted R2). Post-hoc tests demonstrated that the ADHD(+), PTSD(+) individuals had significantly higher levels of reporting PLEs, DLEs and HLEs compared to the ADHD(+), PTSD(−) individuals as well as the ADHD(−), PTSD(+) individuals (Figure 1, Table 3). The ADHD(+), PTSD(−) individuals as well as the ADHD(−), PTSD(+) individuals did not differ significantly with respect to the level of reporting PLEs, DLEs, and HLEs. However, both groups of participants had significantly higher levels of reporting PLEs, DLEs, and HLEs compared to the ADHD(−), PTSD(−) individuals.



TABLE 2 The association of positive screening for ADHD and PTSD with PLEs after controlling for the effects of potential confounding factors.
[image: Table2]
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FIGURE 1
 The level of psychotic-like experiences (PLEs), delusion-like experiences (DLEs) and hallucination-like experiences (HLEs) in participants with various combinations of ADHD and PTSD. Mean values and corresponding 95%CI (error bars) are shown. Post-hoc tests revealed significant differences of all bivariate comparisons, except for the comparison indicated as “ns”.




TABLE 3 Results of the post-hoc comparisons.
[image: Table3]



4. Discussion

The current study examined the effect of the interaction between PTSD and ADHD symptoms on the level of reporting PLEs in a non-clinical sample. We found that both groups of symptoms show an interaction effect on the level of reporting PLEs in this population. Hence, our results add to the literature showing that PTSD (18) as well as ADHD (11, 44) might be associated with reporting PLEs (11, 18, 29, 31, 44). It should be noted that our study was based on a non-clinical sample, and thus we refer to the level of reporting PLEs. However, some studies have also suggested that PLEs increase the risk of subsequent psychotic disorders (4). Given the fact that we investigated only a simple interaction effect of two potential risk factors on the level of reporting PLEs, we were not able to provide mechanisms of how these factors impact the occurrence of PLEs. More specifically, our results suggest that individuals who have ADHD and PTSD symptoms show significantly higher levels of reporting PLEs compared to the group of individuals without ADHD and PTSD symptoms. Importantly, our results were similar for both types of PLEs, i.e., DLEs and HLEs. In line with prior studies (11, 45), our results can be interpreted as showing an interaction between PTSD and ADHD symptoms on the occurrence of PLEs. Our study suggests a significant interaction between PTSD, ADHD and PLEs. According to our results, we recommend that this interaction should be further investigated.

When interpreting our results, it should be noted that our sample can be described as a well-functioning social group. We assessed both PTSD and ADHD symptoms as a continuum in a non-clinical sample. Hence, more severe states within narrow clinical criteria for respective disorders were not represented in the study. At the same time, several studies indicate the role of exposure to trauma in shaping the risk of psychosis, both in clinical (46) and non-clinical studies (47). In a clinical context, comorbidity of ADHD and PTSD has already been reported in prior studies showing the impact on general functioning. For instance, results of the study by Antshel et al. (29) suggested that the co-occurrence of PTSD and ADHD in the adult group leads to a greater degree of clinical severity in terms of co-occurring psychiatric disorders and psychosocial functioning. Biederman et al. (31) demonstrated similar results showing that PTSD comorbidity in individuals with a diagnosis of ADHD leads to greater clinical severity in terms of psychiatric comorbidity and psychosocial dysfunction in adolescents. Also, it should be noted that people with ADHD are more likely to be traumatized due to their impulsivity and risky behavior (48). More specifically ADHD is associated with deficits in cognitive and emotion regulation (e.g., high impulsivity, impaired inhibitory ability) which potentially increases the risk of being exposed to the experience of behavior perceived as “socially problematic” (48). For example, during developmental periods, and later, these individuals are more likely to experience physical trauma, lower performance at work/school, more interpersonal conflict, or exposure to risky behaviors (e.g., gambling, substance abuse, or unsafe sexual behavior) that can lead to the experience of trauma or the experience of violence (48, 49).

Referring to the literature, previous studies that have examined the interaction between the occurrence of PTSD and/or ADHD and substance abuse have noted that certain risk factors for the onset of psychotic symptoms secondary to a diagnosis of PTSD and ADHD are present, including problematic substance use (28). In addition, a strong association has been shown between problematic substance use and positive screening results for PLEs (50, 51), which is also consistent with the results obtained in our study. Moreover, other studies report that in the group of individuals with ADHD, alcohol abuse can be related to a higher frequency of more severe PTSD symptoms (28). Individuals with ADHD diagnosis appear to be more likely to exposure to risky behaviors (e.g., substance abuse) which can be caused, for example, by impaired response inhibition, high impulsivity, or sensation seeking (48, 49, 52). On the other hand, problematic substance use can also be associated with prior experience of trauma (53–55). Indeed, previous studies have indicated high rates of co-occurrence of PTSD and substance abuse. Substance abuse may be, for instance, an attempt to avoid traumatic memories (including the associated distress experienced), but on the other hand, through substance abuse, individuals may expose themselves to traumatic experiences and events (55). Therefore, problematic substance use may largely increase the chance of occurrence of PLEs in the future, especially for those diagnosed with ADHD and/or PTSD as overlapping factors. We suggest that this should be explored in more detail by future studies.

There are important limitations of the present study that need to be discussed. First, the study was based on a snowball sampling method that might be characterized by certain shortcomings related to the accuracy of assessments (56). Second, the use of a non-clinical sample with implementation of screening tools does not allow to discuss valid diagnostic constructs according to international classifications of mental disorders. This might also underlie high rates of problematic substance use found in the present sample. Third, the use of self-reports might be characterized by a recall bias. However, certain constructs assessed using self-reports in the present study might still hold some validity. For instance, there is evidence that self-reported PLEs, even if they are found to serve as false-positive observations upon clinical assessment, may still predict the development of mental disorders, including psychosis (5, 57, 58). Fourth, our sample was limited to individuals aged 18–35 years, and thus generalization of findings should be approached with caution. Finally, causal associations cannot be made as we used a cross-sectional design.

To conclude, the current study investigated the effect of the interaction between PTSD and ADHD symptoms on the risk of PLEs in a non-clinical sample. The results from our study show that both PTSD and ADHD symptoms might have an interaction effect on the level of reporting PLEs. Our results also suggest that individuals who have both PTSD and ADHD symptoms have higher levels of PLEs compared to individuals without these symptoms. This observation highlights the importance of investigating the interaction between PTSD and ADHD on the occurrence of PLEs. Future studies need to investigate our findings in longitudinal cohorts and clinical populations in order to provide specific recommendations for clinical practice. In case of replication within clinical cohorts, findings from the present study would raise awareness about the importance of PTSD and ADHD comorbidity in clinical practice. Also, the findings might provide grounds for investigating the most effective therapeutic interventions in this clinical population.
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