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Editorial on the Research Topic 


Advances in clinical neuropsychology and interplay with mental health in several health conditions





Introduction

Clinical neuropsychology is an applied neuroscientific discipline that increasingly integrates complex neurobiological data with ecologically valid behavioral information in clinical practice. We are transitioning toward a more stratified and dimensional understanding of mental health conditions, based on continuous spectra, following the precision medicine framework (1). Moreover, digital assessment technologies (2) and artificial intelligence models (3–5) are revolutionizing the field. In this context, the present Research Topic published in Frontiers in Psychiatry provides diverse insights into neurodevelopmental, mental and neurocognitive disorders, along with innovative treatment approaches, bridging the gap between neuropsychology and clinical practice. This Editorial integrates 10 recent contributions, focused on the interplay between neurocognitive outcomes and various health conditions, encompassing reformulated theoretical frameworks, updated reviews, as well as original observational studies and randomized controlled trials.

An interesting paradigm shift is introduced through the framework of systemic neuropsychology. Guiral conceptualized psychological functions as “Topological Functional Systems” and proposed a theoretical and mathematical formalization concerning psychological activity, emphasizing its systemic and dynamic organization, as well as its adaptive function. This theoretical advancement has relevant clinical implications for neuropsychological assessment and rehabilitation, particularly for the management of complex disorders.

Within the spectrum of neurodevelopmental conditions, researchers are refining our understanding of Attention-Deficit/Hyperactivity Disorder (ADHD) by examining multidimensional factors associated with core symptoms. In this sense, the study by Fu et al. suggests that ADHD symptomatology follows differential developmental trajectories and is influenced by specific phenotypes. In particular, using the Swanson, Nolan, and Pelham Rating Scale-IV (SNAP-IV), they found that inattention remained stable across age and sex, and is more linked to learning problems, whereas hyperactivity-impulsivity is more related to younger age, boys, conduct problems, sleep-wake transition disturbances, and lower levels of anxiety. Furthermore, the work of Pan et al. on the validation of the SNAP-IV in amblyopic children highlights the relevance of population-specific assessment protocols to prevent diagnostic misattribution and ensure early intervention in visually impaired youth.

Notably, significant progress has been made in research on schizophrenia endophenotypes. These outcomes serve as intermediate and mediating variables between polygenic risk and clinical outcomes. In particular, a recent review by Garcia et al. highlighted that while oculomotor, event-related potentials, and cognitive deficits are consistently considered established endophenotypes in people living with schizophrenia, social cognition components, such as Theory of Mind and emotion processing, are emerging as promising candidate endophenotypes. These findings foster a shift toward “stratified psychiatry”, aiming to improve remission rates by matching patients to interventions based on specific endophenotype profiles. In the same direction, Øie et al. also emphasized the relevance of neuropsychological assessments and individualized rehabilitation in this population, highlighting the role of clinical neuropsychology in schizophrenia care regarding several areas.

From a long-term perspective, longitudinal studies on verbal memory in patients with major depressive disorder (MDD) offer a more optimistic view of cognitive trends than has been reported previously. In particular, Schmid et al. studied patients with a first depressive episode during five-year follow-ups and found that auditory attention was impaired during the acute phases, whereas verbal memory performance normalized to the level of healthy controls during remission. However, deficits in auditory attention may negatively affect daily memory due to its reliance on attentional processes. Indeed, attention deficits are often subjectively reported by patients experiencing a depressive episode.

Beyond primary mental health disorders, the intersection between physical health and psychological morbidity represents another significant area of research. İlhan et al. presented the clinical complexity of Hashimoto’s encephalopathy among Turkish female patients hospitalized due to mental health disorders, underscoring the diagnostic challenges when neuro-inflammatory disorders mimic primary mental health conditions. Accordingly, identifying “red-flag” signs, such as the delirium-catatonia syndrome, is essential for the timely initiation of corticosteroid therapy, which can yield rapid and substantial remission in cases otherwise refractory to standard psychopharmacological interventions.

Similarly, the close association between acute delirium and posttraumatic stress disorder (PTSD) has been examined through a meta-analysis conducted by Yang et al., showing that patients with delirium faced a significantly higher risk (adjusted odds ratio = 3.96) of developing subsequent PTSD. Therefore, this finding indicates that delirium is not merely a transient state but a potential precursor to long-term psychological impairment, likely mediated by the formation of delusional memories during acute brain dysfunction. Likewise, the relevance of identifying psychopathological signs is further supported by rare case reports, such as the one described by Alhaj et al. regarding intussusception caused by pica in a 13-year-old Middle Eastern girl. In this case, the persistent ingestion of foreign objects served as a maladaptive coping strategy for a severe comorbid MDD, ultimately requiring urgent laparotomy.

Moreover, advancements in neurostimulation provide hope for improving outcomes in both acute and chronic conditions. In particular, in a randomized controlled trial conducted by Xia et al., intermittent theta-burst stimulation (iTBS) of the left dorsolateral prefrontal cortex, combined with cognitive training, proved efficacious in enhancing global cognition, executive function, and working memory in patients with post-stroke cognitive impairment. Importantly, these cognitive gains correlated with significant reductions in serum lactate dehydrogenase levels, suggesting that iTBS may have potent anti-inflammatory or neuroprotective effects.





Conclusion

This Research Topic addresses updated applications of clinical neuropsychology to several health conditions, including both medical illnesses and mental disorders. The 10 studies included in this Research Topic demonstrate that clinical neuropsychology is a neuroscientific discipline with an integrated, evidence-based, and patient-centered approach. Therefore, this Research Topic contributes to building a more complex framework for modern clinical neuropsychology that better addresses the diverse and evolving needs of patients across the lifespan.

Given the specialized care required by these populations, standardized programs covering core competencies should be designed and implemented to create competent specialists in clinical neuropsychology, harmonizing curricular requirements across countries (6, 7). In this context, program modalities analogous to medical residency training may be highly suitable for promoting clinical neuropsychology as a recognized health specialty derived from clinical psychology.
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Introduction

Major depressive disorder (MDD) is associated with cognitive impairment, including verbal memory. Limited knowledge exists following memory performance in first episode (FE) MDD. This study investigated verbal memory, depressive symptoms, and relapse in FE MDD over five years, from the trait, state, and scar perspectives. These perspectives suggests that deficits in memory either preexists, manifest in MDD, or exacerbates with every MDD episode, respectively.





Methods

Thirty patients and 30 healthy matched controls (HC) were assessed using the California Verbal Learning Test, second edition (CVLT-II) across three test occasions; in the acute phase (Y0), at one-year (Y1) and five-year (Y5) follow-up. The relationship between CVLT-II scores and depression severity (measured by the Montgomery Åsberg Depression Rating Scale) and relapse at the five-year follow-up, was assessed.





Results

The FE MDD group demonstrated significantly poorer performance on List A, Trial 1 immediate free recall at Y0 compared to HC, however correction for multiple comparisons the difference did not reach significance. No differences were observed in any other condition at any time point. Further, the PG had a significant improvement on List A, trial 1 from Y0 to Y5. No associations were found between symptom severity and verbal memory, and no performance differences were identified between patients with and without relapse in a five -year perspective.






Discussion

In conclusion, individuals with FE MDD show normal verbal memory performance, but exhibit impaired performance on List A, Trial 1 immediate free recall in the acute phase improving in remission, indicative of a state-related deficit in auditory attention. No evidence of scarring deficits in the FE MDD group was observed in the follow-up period.
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Introduction

Major depressive disorder (MDD) is a common mental disorder. Estimated lifetime prevalence is between 15,3%-16,6% (1, 2), and at any time, 5% of the population suffers from depression (3). MDD is associated with lower quality of life (4), psychosocial impairment (5), impaired daily functioning (6) and occupational impairment (7, 8). Notably, improvement in depressive symptoms does not automatically yield improvement in daily functioning, and impairment may persist in remission, even ten years post onset (9), making the individual vulnerable to new episodes of MDD.

MDD is associated with a high recurrence. Over 50% of patients experience new episodes within two years of onset (10), and between 50% and 85% of patients will experience multiple episodes throughout their life course (11). Residual symptoms and previous episodes increase the risk of relapse and recurrence (12). The consequences of MDD are substantial on individual and societal levels, particularly due to its relapsing remitting nature. Therefore, enhancing the understanding of how MDD develops from first onset is crucial.

Cognitive impairments are frequently reported in the acute phase of MDD, recognized as a central component of the disease in several reviews (13, 14) and meta-analysis (15), with potential impacts on quality of life (16) and daily functioning (17). Subjective reports of cognitive impairment often exceed results found in neurocognitive tests (18, 19). However, studies of neurocognitive tests have demonstrated that over 50% of patients with MDD show general cognitive impairment in the acute phase (20, 21), which persists after recovery from mood symptoms (22, 23), and could contribute to relapse risk (24, 25). In contrast, other reviews report improvement and even normalization of cognitive functioning in remission (14, 26), or intact cognitive performance irrespective of illness state (27, 28).

The diverse findings may be attributed to variations in age (29, 30), education (31, 32), premorbid intelligence (32, 33), categorization of the depressed group (34), depression severity (35), duration of illness and number of episodes (36), effects of medication (37, 38) psychological treatment (39), debut (23, 40), and comorbid disorders (34). Differences in test characteristics and definitions of impairment may also contribute (27, 33). According to memory performance motivation has been proposed as an additional factor influencing performance in MDD (41). Given the heterogeneity of depressive symptoms, some even propose discrete neurocognitive subgroups in MDD (42–44).

According to subgroups of depression, deficits manifest across various domains in both first episode (FE) (45–48) and recurrent and remitted MDD (49–51). However, there is limited knowledge regarding the existence of such impairment prior to the onset of MDD and their potential impact on subsequent illness (52). Thus, investigating FE MDD may provide insights into how deficits develop.

Verbal memory impairment have previously been found both in the acute phase (14, 53, 54) and in remission (51, 55), although some studies report no verbal memory impairment (56, 57). Impairment in immediate and delayed free recall have been found (58), while recognition and cued recall to a greater extent seems to be intact (56, 58). Hammar and Årdal (59) found intact verbal memory performance with repeated material presentation, indicating slower learning, but intact recall and recognition with repetition. A recent large-scale analysis investigating verbal memory in several neurological and psychiatric groups, showed no memory impairment in MDD (60). However, this study did not differentiate between subgroups of depression or follow patients in a longitudinal perspective.

Limited knowledge exists about the longitudinal development of verbal memory function in MDD, and results vary. Differences in FE and recurrent MDD have been noted (45, 54, 56, 61), suggesting performance exacerbation with each episode (14, 23). Intact verbal memory have been found in FE MDD (56, 61). However studies have also shown impaired verbal memory in this group (45, 47, 48), with improvements in remission (26, 62). Thus, investigating an ecologically relevant domain of memory, such as verbal memory, in a clearly defined subgroup with FE MDD in a longitudinal follow-up could advance the understanding of the neurocognitive profile in MDD.

The neurocognitive profile in MDD could be understood through three perspectives (22). In the first perspective, the neurocognitive impairment could be pre-existing (trait) markers, and be present prior to diagnosis, representing an underlying vulnerability (63, 64), or be persistent during periods of symptomatic remission, independent of clinical state (64–67). In the second perspective impairment the impairments are found to be caused by mood (state) symptoms, and temporary linked to the 
current mood state, but normalizing in symptom reduction and remission (68, 69), noting differences in cognitive function between fully remitted, partially remitted, and acute-phase MDD patients (70). In the third perspective deficits are understood as caused by neurobiological changes associated with the stress following the depressive symptoms. The scar perspective suggests such enduring and progressively worsening deficits associated with the number and duration of episodes (71–76), with an association reported between HPA-axis dysregulation and impaired memory function in recurrent MDD (77), but not in FE MDD (78). MDD is often associated with acute or chronic stress (79), with evidence of elevated cortisol levels and impaired cortisol suppression in depressed individuals (73, 80). These abnormalities are associated with impaired memory and hippocampal atrophy (81–84). The current literature is however non-conclusive regarding the validity of any specific perspective regarding verbal memory. Thus, it is valuable to investigate verbal memory performance in FE MDD in a longitudinal perspective.




The present study

To the authors knowledge, this is the first study investigating verbal memory longitudinally in a five-year follow-up in FE MDD. The main aim of the present study was to investigate verbal memory in a group of FE MDD patients acutely, and how verbal memory function develops longitudinally compared to a well-matched healthy control group.

The following research questions were investigated:

	Will the patient group (PG) show impaired verbal memory functioning compared to the healthy control group (HC) in the acute phase of illness, Y0?

	If present, will poor performance in verbal memory functioning in the acute phase of the illness in the PG persist or improve in a longitudinal perspective?

	Is there an association between verbal memory functioning and depression severity?

	Is there a relationship between verbal memory functioning and relapse experience across time?



Based on previous research we expect that the PG will show impaired verbal memory functioning compared to the HC in the acute phase of the illness. Further, we hypothesize that cognitive impairment in verbal memory will improve in a five year perspective, and that the patient group will not differ from the HC in both follow-up assessments. Further, we expect there to be a positive association between symptom severity and cognitive impairment in verbal memory. Furthermore, we want to explore if patients who had a relapse within the five years performed worse in verbal memory function in the acute phase of illness.






Materials and methods




Design

This was a longitudinal case control study with follow-up from Y0 at baseline in the acute phase of illness, Y1 at one-year follow-up, and Y5 at five-year follow-up.





Recruitment and participant flow

A total of 60 participants were included in the study (Y0), consisting of 30 patients; 16 males and 14 females, and 30 healthy individually matched controls (see flowchart in Figure 1 and Table 1 for demographic data). Demographics and procedures have been described in previous reports by Ronold et al. (85) and Schmid & Hammar (25).


[image: Flowchart depicting a clinical study design: sixty participants included after screening sixty-four, split into thirty first episode major depressive disorder patients and thirty matched healthy controls. Follow-up at one and five years, with notes on participants lost to follow-up, discontinued interventions, and healthy controls not assessed at five years.]
Figure 1 | Participant flowchart.


Table 1 | Clinical and demographic variables for the Patient Group (PG) and the Healthy Control Group (HC).
	Variables Y5 
	PG (n =23)
	HC (n = 20)
	Statistics



	Age
	30.34
	5.74
	30.45
	6.09
	-.057
	.96


	Male/Female
	11/12
	NA
	9/11
	NA
	NA
	NA


	Education (years)
	15.35
	2.35
	16.60
	2.01
	-1.86
	.07


	Total IQ (WASI)
	118.65
	8.47
	119.7
	8.27
	-0.41
	.69


	MADRS
	8.87
	8.14
	NA
	NA
	NA
	NA


	N Dep
	7
	30.43%
	NA
	NA
	NA
	NA





PG, patient group; HC, healthy control group; NA, not applicable; WASI, Wechsler Abbreviated Scale of Intelligence; MADRS, Mongomery and Åsberg Depression Rating Scale.

a Independent samples t-test. N Dep = number and percentage of participants with MADRS ≥ 12.



Patients were enrolled in the study through cooperation with doctors and psychologists in primary healthcare. Inclusion criteria for the PG were a diagnosis of single episode MDD according to the Diagnostic and Statistical Manual of Mental Disorders- Forth Edition, Text Revision (86), using the Mini-International Neuropsychiatric Interview (MINI), (87), and a minimum score of 20 on the depression symptom questionnaire, Montgomery Åsberg Depression Rating Scale (MADRS) (88), indicating moderate to severe depression. Exclusion criteria was previous diagnosis of depression or having received treatment for depression previously, psychosis, neurological conditions and somatic disorders that could influence cognition, alcohol or substance abuse, or treatment with electroconvulsive therapy.

The HC was recruited through acquaintances of employees at the department matched to the patient group with respect to age, gender, and years of education (within a +/- 2-year limit). Three patients were excluded due to a history of recurrent MDD, and one patient was excluded because of Norwegian language difficulties.





Clinical characteristics

Two patients received a co-morbid diagnosis of panic disorder with agoraphobia. Fourteen patients were prescribed antidepressant medication: twelve with selective serotonin reuptake inhibitors, one with serotonin noradrenaline reuptake inhibitor, and one with tetracyclic antidepressant. All patients were outpatients. Four patients received only medical treatment, nine received only psychological treatments, ten received both medical and psychological treatments. At Y5 the National Institute of Mental Health Life Chart Method (89) was used to retrospectively assess relapse of MDD. Relapse was defined as reporting one or more depressive episodes since Y0, and % with depression ≥ 12 on MADRS (see Table 1).





Ethics

The study was performed in accordance with the Helsinki Declaration of the World Medical Association Assembly. The Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate approved the study (REK 23218). Informed consent was obtained from all participants.





Neuropsychological assessment

The California Verbal Learning Test, second edition (CVLT-II) (90), was used to measure verbal memory. The test entails presentation of a list of words and measures the following cognitive functions: acquisition with immediate free recall List A, learning (list 1-5), short- and long-term memory, and recognition. In total, seven of the variables from the CVLT-II were analyzed in the present study: (a) immediate free recall, List A, trial 1; (b) learning, trial 1-5, a sum score for correct responses in all five trials; (c) short delay free recall; (d) short delay cued recall; (e) long delay free recall; (f) long delay cued recall; and (g) total hits delayed recognition. High score on either of these variables indicated good performance.

All participants completed the Wechsler Abbreviated Scale of Intelligence (WASI), (91) with the Two-Subtest Form consisting of vocabulary and matrix reasoning. The assessments were conducted at an outpatient neuropsychology clinic at the university.





Analyses and statistics

Preliminary assumption testing was conducted to check for any statistical violations and the data were examined for outliers. For all analyses, a specified significance level of p ≤.05 was used, with 95% CI. Eta-squared (η2) was employed as the measure of effect size, and Bonferroni method was used to correct for multiple comparisons in analyses. Independent samples t-tests were computed to compare the PG and the HC with regard to age, years of education, and IQ scores. ANOVA was performed to compare PG and HC on the different CVLT-II conditions (raw scores) at Y0, Y1 and Y5, and the independent variable was group. To control for multiple comparisons in this analysis Bonferroni correction of α-values was implemented (.05/21 = .002). For the immediate free recall, trial 1 condition, a mixed between-within subjects’ analysis of variance with three time points was performed to compare the groups according to change in performance across Y0, Y1, and Y5. To explore potential exacerbation a change score from Y0 to Y5 was calculated for the immediate free recall trial 1 condition for all patients and controls, and an independent samples t-test was performed to compare the PG and the HC according to change score. To further explore performance across time, a paired-samples t-test was computed to analyze the change in performance separately for the PG and the HC from Y0 to Y5. To control for multiple comparisons on both these analyses, Bonferroni correction of α-values was implemented (.05/14 = .004). The relationship between CVLT-II scores and severity of depression symptoms (measured by MADRS) was examined for the PG by Pearson’s correlation at all time points, Y0, Y1, and Y5 (α-values for each correlation matrix was corrected for multiple comparison (.05/6 = .006). The PG were also divided according to the experience of relapse during the years since initial episode which resulted in a relapse group (n = 16) and a no relapse group (n = 6). Independent samples t-tests were computed to compare the relapse group with the no relapse group in performance on the immediate free recall trial 1 condition of the CVLT-II at Y0, Y1, and Y5 and according to MADRS score at Y0, Y1, and Y5, and on the change score in performance from Y0 to Y5.






Results




Matching of groups

Independent samples t-tests showed that the PG and the HC did not differ with regard to age, years of education, and total IQ at Y0, Y1 or Y5 (see Table 1). Inspection of mean MADRS score showed that the PG was in remission at Y1 and Y5 (see Table 1).





CVLT-II performance




Verbal memory in the acute phase of illness, T1

Investigating the differences between the PG and the HC on the conditions of the CVLT-II, the ANOVA showed that the PG performed significantly poorer compared to the HC on the first trial on CVLT-II, immediate free recall, trial 1at Y0. However, this result was not significant when adjusting for multiple comparisons (> p.002). The two groups did not differ in the other CVLT-II conditions at Y0 or at any other time point (see Table 2 for raw scores and statistics; and Figure 2 for an illustration).


Table 2 | CVLT-II scores for the PG and the HC at Y0, Y1, and Y5.
	Time
	Y0
	Y1
	Y5


	PG (n = 30)
	HC (n = 30)
	Statistics
	PG (n = 28)
	HC (n = 29)
	Statistics
	PG (n = 23)
	HC (n = 20)
	Statistics


	Outcome
	M (SD)
	M (SD)
	F (df)
	p
	η2
	M (SD)
	M (SD)
	F (df)
	p
	η2
	M (SD)
	M (SD)
	F (df)
	p
	η2



	CVLT-II


	IFR TR 1
	7.53 (2.18)
	9.17 (2.82)
	6.31 (1)
	.015* †
	.10
	10.32 (1.98)
	10.97 (2.40)
	1.22 (1)
	.275
	.02
	9.61 (2.25)
	9.80 (2.53)
	0.07 (1)
	.794
	.00


	LTR 1-5
	60.73 (8.47)
	64.93 (8.63)
	3.62 (1)
	.062
	.06
	68.79 (6.24)
	68.55 (8.33)
	0.01 (1)
	.905
	.00
	67.78 (6.20)
	68.05 (8.67)
	0.01 (1)
	.907
	.00


	SDFR
	13.68 (2.29)
	14.07 (2.03)
	0.51 (1)
	.478
	.01
	14.89 (1.60)
	14.86 (1.90)
	0.00 (1)
	.948
	.00
	14.91 (1.53)
	14.85 (1.50)
	0.02 (1)
	.893
	.00


	SDCR
	13.97 (2.24)
	14.23 (2.05)
	0.23 (1)
	.632
	.00
	15.14 (1.11)
	15.21 (1.63)
	0.03 (1)
	.864
	.00
	15.30 (1.02)
	15.30 (1.13)
	0.00 (1)
	.989
	.00


	LDFR
	14.20 (2.30)
	14.63 (2.03)
	0.60 (1)
	.441
	.01
	15.00 (0.98)
	15.17 (1.49)
	0.26 (1)
	.609
	.01
	15.17 (1.03)
	15.20 (1.24)
	0.01 (1)
	.940
	.00


	LDCR
	14.37 (2.07)
	14.57 (1.88)
	0.15 (1)
	.698
	.00
	15.25 (1.04)
	15.27 (1.73)
	0.01 (1)
	.946
	.00
	15.44 (0.79)
	15.35 (1.09)
	0.09 (1)
	.769
	.00


	THDR
	15.73 (0.69)
	15.73 (0.83)
	0.00 (1)
	1.000
	.00
	15.71 (0.60)
	15.66 (0.86)
	0.09 (1)
	.765
	.00
	15.83 (0.49)
	15.85 (0.37)
	0.03 (1)
	.859
	.00





Means and statistics for the condition yielding statistically significant results are shown in bold. Gender is presented as (male/female). PG, patient group; HC, healthy control group; IFR TR 1, immediate free recall trial 1; LTR 1-5, Learning trial 1-5; SDFR, short delay free recall; SDCR, short delay cued recall; LDFR, long delay free recall; LDCR, long delay cued recall; THDR, total hits delayed recognition.

*p <.05. † Bonferroni corrected alpha value (>.002).



[image: Line graph comparing number of words over acute phase, one-year, and five-year follow-up between patient group (solid line) and healthy control group (dashed line), both peaking at one year, then declining. Error bars indicate variability.]
Figure 2 | The immediate free recall condition 1 across time. Error bars represent 95% CIs. Significant difference between the PG and the HC in performance on the first trial, immediate free recall *p < .05 † Bonferroni corrected alpha value (> .002).





Verbal memory across time

At Y1 and Y5, when patients were in symptom reduction and remission, the ANOVA showed that the PG and the HC did not differ in their performance in any of the CVLT-II conditions (see Table 2 for raw scores and statistics and Figure 2 for an illustration).




The immediate free recall, trial 1 condition, across time

The mixed between-within subjects analysis of variance with three time points showed no significant effect between groups, Λ = .93, F (2, 37) = 1.20, p = .313, η2 = .06. There was a significant main effect of time, Λ = .48, F(2, 37) = 19.89, p <.001, η2 = .52, indicating a large effect, showing that across time there was a significant improvement in scores for both groups (see Figure 2). An independent samples t-test showed that the change score from Y0 to Y5 for the PG (M = 2.0, SD = 2.44) did not reach statistical significance compared to HC(M = 0.68, SD = 2.47), t(39) = 1.71, p = .096 (two-tailed). The mean score difference was 1.32, 95% CI [-0.24, 2.87], with a medium effect size η2 = .07. A paired-samples t-test showed that the PG had a significant improvement from Y0 (M = 7.59, SD = 1.79) to Y5 (M = 9.59, SD = 2.30), t(21) = -3.83, p <.001 (two-tailed). This finding was also significant when adjusting for multiple comparisons (Bonferroni correction p <.007). The mean increase in scores on the immediate free recall trial 1 condition was 2.0, 95% CI [-1.29, 3.68], η2 = .41, indicating a large effect. For the HC, a paired-samples t-test showed that there was no significant change in scores from Y0 (M = 9.05, SD = 2.57) to Y5 (M = 9.74, SD = 2.58), t(18) = -1.21, p = .243 (two-tailed). The mean increase in scores on the immediate free recall trial 1 condition was 0.68, 95% CI [-0.73, 0.19], η2 = .07.






Verbal memory and depression severity

At Y0 and Y1, a Pearson’s correlation analysis showed no significant correlations between MADRS score and performance in the different conditions on the CVLT-II. At Y5, there was a significant negative correlation between MADRS score and performance on the total hits delayed recognition condition – the higher MADRS score the poorer performance on the condition, however, this association was not significant following Bonferroni correction for multiple comparisons (p >.006). There were no other significant correlations between MADRS score and performance on the CVLT-II (see Table 3).


Table 3 | Correlations between CVLT-II conditions and MADRS scores for the PG at Y0, Y1, Y5.
	Variable T1
	n
	M
	SD
	1
	2
	3
	4
	5
	6
	7
	8



	1. MADRS
	30
	24.60
	3.73
	—
	 
	 
	 
	 
	 
	 
	 


	2. IFR TR 1
	30
	7.53
	2.18
	.18
	—
	 
	 
	 
	 
	 
	 


	3. LTR1-5
	30
	60.43
	8.47
	.17
	.68**
	—
	 
	 
	 
	 
	 


	4. SDFR
	30
	13.67
	2.29
	.17
	.35
	.79**
	—
	 
	 
	 
	 


	5. SDCR
	30
	13.97
	2.24
	.10
	.49**
	.87**
	.84**
	—
	 
	 
	 


	6. LDFR
	30
	14.20
	2.30
	.12
	.52**
	.90**
	.83**
	.882**
	—
	 
	 


	7. LDCR
	30
	14.37
	2.08
	.16
	.47**
	.85**
	.85**
	.946**
	.93**
	—
	 


	8. THDR
	30
	15.73
	0.69
	.04
	.33
	.68**
	.68**
	.641**
	.82**
	.70**
	—


	Variable T2
	n
	M
	SD
	1
	2
	3
	4
	5
	6
	7
	8


	1. MADRS
	28
	9.89
	6.05
	—
	 
	 
	 
	 
	 
	 
	 


	2. IFR TR 1
	28
	10.32
	1.98
	.10
	—
	 
	 
	 
	 
	 
	 


	3. LTR 1-5
	28
	68.77
	6.24
	.15
	.84**
	—
	 
	 
	 
	 
	 


	4. SDFR
	28
	14.89
	1.59
	.09
	.35
	.60**
	—
	 
	 
	 
	 


	5. SDCR
	28
	15.14
	1.11
	.00
	.33
	.57**
	.76**
	—
	 
	 
	 


	6. LDFR
	28
	15.00
	.98
	-.05
	.29
	.53**
	.71**
	.88**
	—
	 
	 


	7. LDCR
	28
	15.25
	1.04
	-.05
	.23
	.45*
	.71**
	.85**
	.93**
	—
	 


	8. THDR
	28
	15.71
	.60
	.10
	.27
	.42*
	.93**
	.68**
	.82**
	.70**
	—


	Variable T3
	n
	M
	SD
	1
	2
	3
	4
	5
	6
	7
	8


	1. MADRS
	23
	9.38
	8.33
	—
	 
	 
	 
	 
	 
	 
	 


	2. IFR TR 1
	23
	9.61
	2.25
	-.02
	—
	 
	 
	 
	 
	 
	 


	3. LTR 1-5
	23
	67.78
	6.20
	-.06
	.73**
	—
	 
	 
	 
	 
	 


	4. SDFR
	23
	14.91
	1.53
	-.03
	.54**
	.81**
	—
	 
	 
	 
	 


	5. SDCR
	23
	15.30
	1.02
	.07
	.49*
	.80**
	.95**
	—
	 
	 
	 


	6. LDFR
	23
	15.17
	1.03
	-.01
	.50*
	.63**
	.82**
	.88**
	—
	 
	 


	7. LDCR
	23
	15.44
	.79
	-.08
	.61**
	.81**
	.79**
	.85**
	.80**
	—
	 


	8. THDR
	23
	15.83
	.49
	-.48*†
	-.02
	.12
	.28
	.68**
	.33
	.32
	—





Bonferroni correction estimate at significance level <.001. Correlation between CVLT-II conditions and MADRS score yielding statistically significant results are shown in bold. IFR TR 1, immediate free recall trial 1; LTR 1-5, Learning trial 1-5; SDFR, short delay free recall; SDCR, short delay cued recall; LDFR, long delay free recall; LDCR, long delay cued recall; THDR, total hits delayed recognition.

*p <.05. **p <.01 † Bonferroni corrected alpha value (>.006).







Verbal memory and relapse

Dividing the PG according to relapse experience from inclusion and across time, from Y0 to Y5, independent samples t-tests revealed no significant differences in performance on the immediate free recall trial 1 condition at Y0, Y1 or Y5. The independent samples t-test investigating the change score from Y0 to Y5 showed that it was no significant difference between the patients that experienced relapse and those that did not (See appendix 1 for statistics and means).







Discussion

The main aim of this study was to investigate verbal memory in a group of FE MDD patients longitudinally in a five-year perspective compared to a well-matched healthy control group. The results showed that the PG performed poorer compared to the HC in one of the conditions on the CVLT-II in the acute phase, the immediate free recall trial 1 condition. No differences in performance on the CVLT-II were found between the groups on the other conditions, or at any conditions at Y1 or Y5. The results further showed that the PG had a significant improvement in performance across time, and showed a more pronounced improvement compared to the control group. No association between verbal memory functioning and symptom severity was found, except on total hits delayed recognition, where those with higher symptom severity performed worse. Finally, when dividing the PG according to relapse experience at Y5, no differences in cognitive performance or symptom severity were found between the relapse and the no relapse group at any time point.




Verbal memory across time

In the acute phase, patients with FE MDD performed significantly worse than the HC only in the first trial of the CVLT-II, immediate free recall trial 1. However, this result was not significant when correcting for multiple comparisons and must be interpreted with caution Thus, the performance in the other CVLT-II conditions indicated relatively intact memory functioning. These results do not support the hypothesis of verbal memory deficit in the acute phase of illness, but rather show that the patients perform worse on the first trial, indicating deficits in acquisition and auditory attention, affecting a small component of the verbal learning process in the depressed state.

The findings align with some previous studies pointing to first trial immediate free recall trial 1 as a particularly vulnerably function (58, 59). No memory impairment was found in conditions other than immediate free recall trial 1, indicating a general intact verbal memory function, aligning with studies reporting intact verbal memory function in the acute phase of FE MDD (56, 61). However, although the results did not reveal substantial impairment, which patients themselves commonly report (18, 19), the results can still be seen as reflecting the memory outcomes reported by patients, given that everyday memory function is dependent on auditory attention, in the acquisition phase. Hammar and Årdal (74) reported similar results in recurrent MDD, showing impaired performance only in immediate free recall trial 1, with intact function when the material is presented more than once, possibly indicating an auditory attention deficit rather than a memory impairment aligning with several other studies reporting impaired attention in the acute phase of depression (58, 59). Contradiction our findings however, the large- scale study on verbal memory in MDD did not find impairment in the first trail, trial 1 on the CVLT-II test (60), and found intact performance in verbal memory in total, showing the contradicting results concerning verbal memory performance in MDD. Importantly, one could also understand the impairment in auditory attention to be caused by stress, anxiety and motivational factors since trial 1, lit A represent the first encounter with a challenging task.

However, in contrast to Hammar and Årdal’s (59) findings with prevailed impairment in immediate free recall in recurrent MDD patients, the present study suggests a normalization in auditory attention in remission. This may point to a difference in trajectory of memory in FE MDD and recurrent MDD patients. The present results demonstrated that the PG showed a significant improvement in performance over time, from inclusion to follow-up, and performed at the same level as the HC in both follow-up assessments, indicating normalization in auditory attention in phases of 
symptom reduction and remission. The findings suggest that verbal memory is not impaired in FE MDD patients, and that their impaired auditory attention function will improve in symptom reduction and remission in a five-year perspective.

MADRS scores indicated that the PG was in remission at Y1 and Y5. In contrast to previous studies indicating persisting verbal memory impairment during symptom reduction (20, 92–94) or partial improvement in remission (40, 95, 96), the present findings align with reviews and meta-analysis reporting normalized memory function in remission in FE MDD (26, 62).

The absence of further verbal memory impairment beyond the first trial measuring auditory attention, along with the normalization of function, may be explained by individual- and clinical factors in the sample and point to a difference in memory function between FE and recurrent MDD. The present sample comprises young outpatients with normal IQ, all being FE MDD patients with limited illness duration. Despite a mean MADRS score indicating moderate to severe depression, the cut-off at 20 can still be considered relatively low. The sample may therefore represent a sub-group with minor cognitive impairment, implying a need only for minor improvement in remission to reach normal functioning. Moreover, age is of particular importance. Higher age is associated with increased vulnerability to depression related cognitive impairment, including memory (29, 31). The vulnerability may be explained by age-related changes in neurobiological mechanisms related to depression, interacting with depression-related changes in the same mechanisms potentially creating a cumulative effect (54). Further, higher age is associated with increased severity and chronicity of the illness (29) which can lead to progressively worsening of cognition (22). Following this, the present sample appears too young and relatively healthy compared to other depressed populations to fully demonstrate these dynamics.





Verbal memory and depression severity

A significant negative correlation emerged between MADRS score and performance on the total hits delayed recognition condition, indicating a very limited association between depression severity and verbal memory impairment, where higher symptom severity is associated with more impaired memory. This association was not significant after correcting for multiple comparisons. Thus, no systematic correlation was found between depression severity and cognitive performance, and the hypothesis postulating a positive association between symptom severity and cognitive impairment was not confirmed. Still, the PG was in symptom reduction and remission at Y1 and Y5, suggesting that recovery from depression may be associated with improved auditory attention and thus verbal memory performance.

The findings are contrary to previous studies demonstrating an association between symptom severity and cognitive functioning (35). However, they align with Hammar et al. (27) who found no association between symptom severity and verbal memory in recurrent MDD, and with Hammar and Schmid (69) who reported no association between symptom severity and visual memory, but demonstrated memory improvement in remission. Moreover, underlining the importance of symptom load for cognitive functioning, improvement in memory performance is found in remission (13, 14, 69, 95), also for FE MDD (26, 62), and differences in cognitive function is demonstrated between fully remitted, partially remitted, and MDD patients in the acute phase (70). Hence, there is some indication that memory function related to auditory attention show state effects.





Verbal memory and relapse experience

Exploring the difference in verbal memory function between patients who experienced relapse from Y1 to Y5 and those that did not, revealed no difference between the two groups in performance on the first immediate free recall, trial 1, condition across time. Thus, the results do not show any association between relapse experience and poor auditory attention problems. See Appendix 1. for statistical analysis according to relapse experience.

The results are in line with limited studies following FE MDD patients in remission, suggestive of improved verbal memory function in remission (26, 62). Furthermore, comparisons between recurrent and FE MDD have demonstrated verbal memory impairment only in recurrent MDD (56, 61) and that recurrent MDD show larger impairment (45, 55). However, the findings contradict studies reporting more severe cognitive impairment with increasing number of episodes (14, 23, 56). Again, the results highlight a different neurocognitive profile in FE MDD compared to recurrent MDD, suggesting similar patterns of impairment may emerge in FE MDD with sufficient follow-up time and illness duration.

Sample characteristics, primarily age and illness stage, e.g. FE, can contribute to explain absence of scarring effects in the present study. In the current sample, deficits are limited and appear to normalize between episodes. In remission, neurogenesis contributes to cognitive improvement (73, 83) and hinder atrophy and subsequent impairment. However, neurobiological processes underlying depression could impair neurogenesis and cause damage to relevant brain regions, such as the hippocampus, potentially resulting in cognitive impairment. The absence of a lifetime history of recurrent depressive episodes in the present sample may help explain why such neurotoxic effects with subsequent atrophy and functional impairment, are not yet evident (72, 84) but may emerge later in life.

Dysregulated cortisol levels may contribute to increased vulnerability to hippocampal atrophy (82, 83), associated with impaired memory function (84). Antidepressants, commonly used in the present sample, may contribute to normalization of HPA-function and thus impact cortisol levels (76, 81). Increased illness duration leads to prolonged periods of stress and dysregulated cortisol levels (79), found in MDD, including FE MDD (77, 78). However, an association between impaired suppression and cognitive function is observed only in recurrent MDD, not FE MDD (77, 78), suggesting that illness duration and exposure to long-term stress may influence whether cortisol has a damaging impact on the brain. Thus, while such impairment is not evident in the present sample, the possibility of scarring effects emerging over time cannot be ruled out. Early intervention, for instance targeting residual symptoms, is crucial to reduce the risk of recurrent episodes and cognitive deterioration, particularly if scarring effects occur in recurrent MDD, as suggested by previous literature (14, 22, 23, 45, 56).





Relevance for the trait, state, or scar perspective

The results yield mixed support for the three perspectives. No support was found for the trait perspective, considering deficits normalized in remission; thus, were dependent on illness state (64); besides, confirming the trait perspective requires a different design assessing memory before MDD onset. In contrast, the state perspective was partially supported by the results showing state-specific deficits in the acute phase with normalization in remission, although deficits did not seem to fluctuate with symptom severity (63). Further, the results indicated no scarring effects, as impairment did not worsen with relapse experiences (22). However, ruling out scarring effects requires a longer follow-up. The cognitive deficits found in the present study appears to be state-specific. Nonetheless, state-specific impairment in FE MDD may appear as scar impairment in recurrent MDD due to the neurotoxic duration of depression.





Strengths and limitations

The present study is the first to longitudinally investigate verbal memory in FE MDD over five-years, contributing to the understanding of the neurocognitive profile in MDD. However, the sample size is relatively small with dropout throughout the study duration. This can potentially make the study underpowered to detect small effect sizes, and multivariate effects, and increase the risk of type 2 errors. Even though the study corrected for multiple comparisons, the possibility of type-1 errors cannot be ruled out, given the number of statistical comparisons in this group. The results concerning deficits in immediate recall trial 1 condition should be considered preliminary until it is replicated. The inability to detect substantial memory impairment may also be explained by test characteristics and admission. The CVLT- II is well-structured, circumstances MDD patients seem to profit from (27). Consequently, non-significant results together with correlations and effect sizes should be interpreted with caution. Yet, a notable strength lies in the repeated symptom assessments, providing a comprehensive understanding of the longitudinal relationship between memory and symptoms. The extended follow-up 
duration enables insights into changes and stability in cognitive function across various phases of the illness. Additionally, the use of standardized neuropsychological tests facilitates comparisons with other studies.

The sample is well-defined and consists of a selected group which limits the generalizability to other sub-groups, as well as comparability of results with other studies considering different sub-groups of MDD, may show different patterns of memory functioning. Several potential confounding variables may have influenced the results. Further, treatment effects can influence memory function and thus results. Several of the patients received psychological treatment, and approximately half of the patient sample were prescribed antidepressant medication. Although recognized as being small (37), the effects of antidepressants on cognitive function are not fully understood. Moreover, no clinical assessment of the HC was conducted. Hence, potential unknown symptoms in the HC may have affected the results. Age (29, 30), comorbidity (34), and hospital admissions (70) can affect cognitive performance, and so the present study can inform on cognitive functioning in MDD without these variables confounding the result. The sample being FE patients, allows for ruling out potential effects of earlier episodes on cognition, and consequently gain a more concise understanding of the relationship between memory and symptom course. Furthermore, with the inclusion of a matched control group, potential learning effects can be dismissed. The PG and the HC showed comparable IQ scores.

Altogether, the limited sample size, particularly after dividing the PG by experience of relapse, may have contributed to the inability to detect scarring effects. Thus, the results are to be considered preliminary and should be replicated in larger samples. Further, worse cognitive function has been reported in recurrent MDD compared to FE MDD already after two episodes (55), and a longer duration may be necessary as impairment can require time to manifest and worsen with chronicity and severity of affective episodes. Therefore, we cannot dismiss the possibility of persisting impairment in other sub-groups or with a more extended follow-up of the PG. Importantly, the study did not investigate subgroups within the current sample according to cognitive deficits. This could have been interesting given a bigger sample, allowing to divide the group according to deficits in verbal memory function, possible targeting patients with special needs. This underscores the need for a longer follow-up of large samples of patients to enhance the understanding of memory deficits and development in a longitudinal perspective.





Future directions

Future studies exploring memory in MDD should include larger sample sizes and well-defined samples consisting of sub-groups of MDD patients with clear inclusion and exclusion criteria. This may contribute to an improved understanding of potential significant variables such as depression severity, illness phase, depression type, medication, and admission status, apparently lacking in the existing literature. Longitudinal studies with extended follow-ups across different illness phases, ideally starting before the development of full-threshold FE MDD, would provide valuable insights, particularly regarding the trait perspective. Further, incorporating self-report measures of memory is recommended, as subjective reports of cognitive impairment often exceed impairment found in neuropsychological tests (18, 19). Thus, the lack of self-report measures may limit the understanding of memory function in FE MDD.





Clinical implications

In a clinical perspective, the results may add to the understanding of the neurocognitive profile in FE MDD. Contrary to subjective reports of extensive memory problems in MDD (18, 19), our data showed sparse deficits, indicative of auditory attention deficits in FE MDD patients. However, such auditory attention impairment may impact daily memory function as it typically relies on attention (90) and affecting the learning process which again affect memory. Such processes could align with the commonly reported subjective experience. Thus, despite being relatively small, the identified impairment may influence daily life functioning (17). These results can inform prevention and treatment strategies, addressing impairment while highlighting preserved functions. Additionally, patients can understand and manage their cognitive challenges through repetition and attention-focused strategies, and the knowledge holds significance for the patient’s network, broadening their understanding of cognitive impairment’ impact on daily life. Integrating this understanding into prevention and treatment approaches may help reduce the risk of relapse, emphasizing the importance of early discovery and monitoring of cognitive symptoms, considering some impairments are evident already in FE MDD. Early intervention may prove beneficial for recovery and minimize potential scarring effects which may manifest later in the course of the illness.






Conclusion

In conclusion, patients with FE MDD show poorer performance in the first trial of immediate free recall in the acute phase of illness, compared to healthy controls, and the performance improved significantly in phases of symptom reduction and remission in a five-year follow-up, reaching the same level as healthy controls; thus, indicating a state-related impairment. The patient group shows intact verbal learning with repetition, which again support their recall -and recognition function. No systematic association between verbal memory function and depression severity was identified across time. Further, no relationship between verbal memory functioning and relapse experience was evident across the five-year follow-up for the patient group, consequently there were no indication of trait or scarring effects in this FE MDD population.
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Introduction

Hashimoto’s encephalopathy (HE) is a rare neuro-inflammatory disorder that poses a significant diagnostic challenge, particularly when its clinical presentation is dominated by psychiatric symptomatology. This study aimed to delineate the constellation of clinical and paraclinical features that differentiate HE from primary psychiatric disorders among seropositive inpatients, thereby facilitating its early and accurate identification.





Methods

In this retrospective, single-center study, the records of 484 consecutively admitted female psychiatric inpatients were reviewed. The final cohort comprised 40 patients with confirmed thyroid autoantibody seropositivity. Patients presenting with atypical features or suspected autoimmune etiologies were subjected to a comprehensive neurodiagnostic evaluation, including cerebrospinal fluid (CSF) analysis, electroencephalography (EEG), MRI, and 18F-fluorodeoxyglucose positron emission tomography (FDG-PET). The diagnosis of HE was established based on stringent criteria, including the exclusion of alternative etiologies and a definitive therapeutic response to corticosteroids.





Results

Of the 40 seropositive patients, nine (22.5%) met the diagnostic criteria for definitive HE. The HE cohort exhibited a significantly later age of psychiatric symptom onset (42.9 vs. 30.1 years; p=0.011) and markedly greater functional impairment (GAF score: 31.7 vs. 51.6; p<0.001) compared to the non-HE group. The most discriminating clinical features were delirium (88.9% in HE vs. 6.5% in non-HE; p<0.001) and catatonia (77.8% vs. 32.3%; p=0.015). Corroborating neurodiagnostic evidence for HE included inflammatory CSF abnormalities (55.6% vs. 0%), diffuse EEG slowing (33.3% vs. 0%), and cortical hypometabolism on FDG-PET (85.7% vs. 0%). All patients with HE were refractory to standard psychiatric interventions but achieved prompt and substantial clinical remission following high-dose corticosteroid administration.





Discussion

In conclusion, HE manifests as a distinct and severe neuropsychiatric syndrome in a subset of seropositive psychiatric inpatients. The emergence of a late-onset clinical picture characterized by a delirium-catatonia complex, particularly when refractory to conventional psychiatric treatment, warrants a high index of suspicion for HE. A multimodal diagnostic approach is essential for accurate identification, enabling the timely initiation of immunotherapy to ameliorate severe neuropsychiatric morbidity and prevent long-term disability
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Introduction




Background

Hashimoto’s Encephalopathy (HE), first identified in 1966, is a rare neurological condition associated with thyroid autoimmunity (1). Also known as steroid-responsive encephalopathy associated with autoimmune thyroiditis (SREAT), it presents a broad spectrum of symptoms, including cognitive impairment, seizures, stroke-like episodes, psychiatric disturbances, and altered consciousness (2, 3). While linked to high levels of thyroid autoantibodies like anti-thyroid peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG), the exact role of these antibodies in its pathogenesis remains unclear (2).

HE’s clinical presentation is highly variable, with psychiatric symptoms often dominating early stages. Symptoms such as psychosis, depression, catatonia, and mood disorders can lead to confusion with primary psychiatric disorders, increasing the risk of misdiagnosis (4, 5). This is particularly problematic in psychiatric settings, where HE may be overlooked, delaying treatment and worsening patient outcomes. For example, psychiatric patients are often treated with antipsychotics, which may be ineffective for HE, necessitating immunotherapies like corticosteroids instead (4).

With a prevalence estimated at 2.1 per 100,000, HE is four times more common in women, with an average onset age of 40–55 years (6). Despite its rarity, early diagnosis is critical, as corticosteroid treatment can reverse symptoms and improve outcomes (3). Delayed diagnosis, however, can lead to permanent neurological deficits or unnecessary psychotropic medication use, posing significant management challenges.

Most research has focused on neurological cohorts, where seizures, myoclonus, and stroke-like episodes are commonly reported (7). Yet, data on HE in psychiatric populations are limited, and its recognition is challenging when psychiatric symptoms predominate, highlighting a gap in psychiatric practice awareness (5). Addressing this gap is essential to optimize diagnostic accuracy and therapeutic outcomes in psychiatric inpatients presenting with atypical, treatment-resistant symptom profiles.





Rationale and objectives

In an exploratory, single-center cohort of consecutively admitted female psychiatric in-patients subjected to routine thyroid-antibody screening and comprehensive paraclinical work-up, the present study objectives sought to:

	Generate preliminary estimates for the proportion of confirmed HE among seropositive admissions in psychiatric inpatients

	Delineate the constellation of clinical, cognitive, and neurodiagnostic parameters that best distinguish HE from alternative psychiatric or neurological diagnoses; and



By identifying salient differentiating features, this study also aims to inform the design of prospective trials and to facilitate earlier, evidence-based recognition of HE in psychiatric practice.

These objectives are designed to improve recognition and management of HE in psychiatric contexts, particularly in treatment-resistant cases, reducing morbidity through early intervention. By focusing on psychiatric inpatients, the study addresses a critical gap, potentially informing diagnostic protocols and treatment guidelines.






Methods




Study design and setting

This study was a retrospective chart review conducted at a tertiary psychiatric inpatient facility in Ankara, Turkey, within a specialized women’s neuropsychiatry unit. This unit functions as a referral center for complex cases characterized by severe psychiatric symptoms, systematically evaluating patients for both primary psychiatric disorders and underlying organic etiologies, including neurodevelopmental, neurodegenerative, and neuroimmunological conditions. The clinical approach prioritizes comprehensive differential diagnosis, employing paraclinical investigations to identify potentially reversible or treatable medical contributors to psychiatric syndromes.

Since 2022, all inpatients have undergone standardized clinical and paraclinical assessments within a real-world clinical framework, emphasizing the systematic identification of organic contributors to psychiatric symptomatology. Patients with suspected autoimmune neuropsychiatric conditions, including potential Hashimoto’s encephalopathy (HE), are subjected to structured diagnostic work-ups guided by established criteria for autoimmune encephalitis (AE) (8), autoimmune psychosis (9), and the Antibody Prevalence in Epilepsy and Encephalopathy (APE2) score (10).





Participants

Electronic medical records from January 2022 to January 2025 were systematically screened using ICD-10 diagnostic codes for schizophrenia-spectrum disorders (F20–F29) and major affective disorders, including depressive disorders (F30–F39). The initial cohort comprised 484 female patients (aged ≥18 years) hospitalized with these disorders who had undergone routine serological testing for thyroid autoantibodies, anti-thyroid peroxidase (anti-TPO, 0–34 IU/mL) and anti-thyroglobulin (anti-TG, 0–115 IU/mL) during their initial admission.

Inclusion criteria required a positive thyroid antibody result, defined as either anti-TPO (0–34 IU/mL) or anti-TG (0–115 IU/mL) serum titer exceeding the institutional laboratory’s reference range. Exclusion criteria included incomplete medical records, indeterminate final diagnoses, unrecorded antibody test results, or documented clinical hypo- or hyperthyroidism. After applying these criteria, the final study cohort consisted of 40 female psychiatric inpatients who were antibody-positive.





Diagnostic assessments and procedures

Psychiatric diagnoses and neuropsychiatric syndrome features were confirmed by senior psychiatrists, using DSM-5 criteria. Standardized rating scales were prospectively documented in each patient’s chart during hospitalization to assess symptom severity, cognitive status, and functional impairment, including:

	Neuropsychiatric Inventory (NPI): To evaluate the severity and range of neuropsychiatric symptoms (e.g., delusions, hallucinations, agitation, mood lability) (11).

	Bush–Francis Catatonia Rating Scale (BFCRS): To screen for and quantify catatonic signs (12).

	Confusion Assessment Method (CAM): To identify delirium (acute confusional state) in patients with fluctuating consciousness or inattention (13).

	Montreal Cognitive Assessment (MoCA): To assess global cognitive function, administered at baseline and follow-up for patients with suspected cognitive impairment or encephalopathy (14).

	Global Assessment of Functioning (GAF): To rate overall psychosocial and occupational functioning on a 0–100 scale (lower scores indicate worse functioning) (15).

	Clinical Global Impression–Severity (CGI-S) and Improvement (CGI-I): To gauge illness severity at admission and improvement by discharge, respectively (16).



For patients with confirmed HE, MoCA assessments were conducted before and after immunotherapy to objectively document changes in cognition and behavior associated with the treatment.





Neurodiagnostic work-up

Patients suspected of having an underlying autoimmune encephalopathy underwent an extensive neurodiagnostic evaluation as part of the standard inpatient protocol, including:

	Lumbar Puncture and CSF Analysis: Cerebrospinal fluid (CSF) was analyzed for signs of inflammation or infection (e.g., lymphocytic pleocytosis, elevated protein, IgG index, oligoclonal bands) and tested for neuronal and onconeuronal autoantibodies (e.g., anti-NMDAR, LGI1, GABABR) to exclude known antibody-mediated encephalitides.

	Electroencephalography (EEG): Routine EEG was performed to detect diffuse slowing or epileptiform activity indicative of encephalopathy.

	Neuroimaging: Structural brain imaging with magnetic resonance imaging (MRI) was conducted for all patients, with findings expected to be normal or show nonspecific changes in HE cases.

	Functional Imaging: In selected cases with diagnostic uncertainty, 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) was used to assess cerebral glucose metabolism, identifying patterns of cortical hypometabolism consistent with autoimmune encephalopathy.







Autoimmune and extended medical workup

In cases with suspected autoimmune involvement, both central nervous system–specific and systemic autoimmune markers were evaluated. CSF and serum samples were tested for a panel of neuronal autoantibodies associated with AE, including NMDAR, LGI1, CASPR2, GABABR, AMPAR, DPPX, and antibodies against onconeural antigens, amphiphysin, CV2.1, Ma2/Ta, Ri/ANNA-2, Yo/PCA-1, Hu/ANNA-1, Recoverin, SOX1 (AGNA), Zic4, GAD 65. Onconeural antibodies were detected by the combined use of Line immunoassay, and when positive, it is confirmed using indirect immunofluorescence. Cell surface antibodies were investigated only by commercial assays using fixed cells.

Systemic autoimmune screening was conducted for antinuclear antibodies (ANA), extractable nuclear antigen (ENA) panel, anti-dsDNA, ANCA, antiphospholipid antibodies, rheumatoid factor (RF), and complement levels (C3, C4) to exclude conditions such as systemic lupus erythematosus, Sjogren’s syndrome, antiphospholipid antibody syndrome and ANCA vasculitis.

CSF analysis also involved microbiological testing (e.g., Gram staining, culture, PCR for HSV-1/2, VZV, CMV, EBV, enteroviruses, HHV-6) to rule out infectious causes of encephalitis. Thoracoabdominopelvic contrast-enhanced computed tomography (CT) screened for occult malignancies, and cranial CT angiography was performed in cases where vasculitic processes were suspected.

All patients index episode was characterized with subacute onset neuropsychiatric features. Extended work-up was conducted during the patients’ index episode. Illness duration reflects the interval from the patient’s initial psychiatric diagnosis to the onset of neuropsychiatric manifestations that prompted referral to our center for extended diagnostic evaluation.





Diagnostic criteria and case classification

Final neuropsychiatric diagnoses were determined by a multidisciplinary team of psychiatrists and neurologists and documented in discharge summaries. Patients were classified into HE or non-HE groups based on the diagnostic criteria proposed by Graus et al. (2016) (8) and revised Graus criteria (9) for HE.

All patients in HE group fully met the thyroid-function requirement of the Graus diagnostic criteria for HE. For classification purposes, individuals who initially presented with a clinical suspicion of an autoimmune condition (such as Hashimoto’s Encephalopathy) but were ultimately assigned a different, non-autoimmune diagnosis based on comprehensive clinical, laboratory, and imaging assessments, were categorized into the Alternative Diagnosis (AD) group (Figure 1). We adopted a two-step algorithm. Step 1 involved universal antibody testing on admission (yield: 8.3% seropositive). Step 2 triggered a neurological evaluation—CSF analysis, EEG, MRI, ^18F-FDG-PET, and neuropsychological testing—for patients with “yellow or red flag” criteria (cognitive decline, fluctuating consciousness, catatonia) or Pollak et al.’s autoimmune psychosis framework. Of 40 seropositive patients, sixteen advanced to Step 2, nine confirmed as HE, yielding 56% in the high-suspicion subgroup.

[image: Flowchart illustrating the categorization of a non-HE group of thirty-one participants into a primary psychiatric group of twenty-four and an alternative diagnosis group of seven, with each subgroup detailing symptom profiles, autoimmune indicators, clinical features, evaluation processes, and thyroid antibody status considered incidental.]
Figure 1 | Diagnostic assessment of anti-thyroid antibody positive patients.

A subgroup analysis was conducted for patients initially suspected of HE or autoimmunity but ultimately diagnosed with alternative conditions, to explore potential overlaps or distinguishing features. Among the patients classified as non-Hashimoto encephalopathy (non-HE), patients classified into AD subgroup had elevated anti-thyroid peroxidase or anti-thyroglobulin titers and displayed at least one “yellow/red-flag” indicator—or fulfilling the proposed possible autoimmune psychosis criteria—suggesting an autoimmune neuropsychiatric process, and (iii) were euthyroid or had only subclinical thyroid-function abnormalities, thereby phenotypically overlapping with the strict HE group. In contrast, the other non-HE patients exhibited incidental anti-TPO/anti-TG positivity; their neuropsychiatric presentations were fully attributable to established primary psychiatric disorders, and none displayed clinical “yellow/red-flag” features suggestive of autoimmune involvement, and therefore they did not undergo the extended diagnostic work-up. Each patient assigned to the Alternative Diagnosis (AD) subgroup underwent an extended diagnostic work-up—comprising detailed clinical history, comprehensive serological and infectious panels, brain MRI, EEG, and cerebrospinal-fluid analysis—to rule out possible autoimmune condition. The final comprehensive assessment identified an alternative, non–Hashimoto encephalopathy etiology that the prevailing neuropsychiatric manifestations were more likely attributable to an alternative diagnosis. Patients with systemic autoimmune disorders that could account for the neuropsychiatric presentation (e.g., systemic lupus erythematosus, multiple sclerosis, Behçet disease, sarcoidosis, antiphospholipid antibody syndrome, Sjogren’s syndrome) were excluded, as were individuals receiving any immune-modulating therapy. Patients also had undergone an extended medical work-up (comprehensive history, serological autoantibody panel, and targeted neuroimaging) in order to verify that none of these conditions were present in the final Hashimoto encephalopathy cohort.





Treatment and outcomes

Clinical response to corticosteroid treatment was assessed retrospectively via daily progress notes and discharge summaries. Response was defined as neuropsychiatric improvement temporally associated with steroid initiation, evidenced by resolution of delirium (per CAM), reduction in catatonic or psychotic symptoms, cognitive improvement (per MoCA), and functional recovery (per GAF/CGI-I). In HE cases, response typically emerged within days to weeks of initiating high-dose intravenous methylprednisolone (500–1000 mg/day for 5–7 days). 31 patients constituting the non-HE group did not receive empirical steroids or any other form of immunotherapy. Their treatment adhered to current, evidence-based practice guidelines aligned with each patient’s final diagnosis. No empirical ‘steroid challenge’ was administered outside the HE group, therefore no patient was reassigned to an alternative-diagnosis group on the basis of steroid non-responsiveness.





Data extraction and statistical analysis

Demographic, clinical, paraclinical, treatment, and outcome variables were extracted from structured electronic records. Continuous data are reported as mean ± SD or median (IQR) depending on normality (Shapiro–Wilk test). Categorical data are expressed as counts and percentages. Group comparisons employed Chi-square or Fisher’s exact tests for categorical variables and independent-samples t-tests or Mann–Whitney U tests for continuous variables, as appropriate. Because the HE group was small (n = 9), analyses were descriptive; multivariable modelling and diagnostic sensitivity/specificity calculations were not performed. Two-tailed p < 0.05 denoted statistical significance. Analyses were performed in IBM SPSS Statistics v27.





Ethical considerations

The Ankara University Institutional Review Board approved the study (No. 2025/217), and waived written consent owing to its retrospective design. All data were de-identified and analyzed in compliance with the Declaration of Helsinki and STROBE reporting guidelines.






Results




Sample characteristics and diagnostic classification

Between January 2022 and January 2025, 484 female psychiatric in-patients were screened. Forty individuals (8.3%) tested positive for anti-thyroid antibodies and satisfied the study’s inclusion criteria. Of these, nine (22.5%) fulfilled diagnostic criteria for Hashimoto’s encephalopathy (HE), whereas 31 (77.5%) were classified as non-HE. Within the non-HE cohort, 28 patients carried primary psychiatric diagnoses, and three received alternative neurological or autoimmune diagnoses (e.g. N=1/31 paraneoplastic autoimmune encephalitis or N=2/31 neurodegenerative disease). All patients in HE group had anti-TPO levels above 200 IU/mL.

At admission, the HE and non-HE groups did not differ significantly in mean age (49.9 ± 11.1 years vs. 46.0 ± 12.6 years; p=0.446). In contrast, HE patients showed a significantly later onset of psychiatric symptoms (42.9 ± 13.0 years vs. 30.1 ± 11.2 years; p=0.011) and a shorter interval between initial psychiatric diagnosis and index presentation (7.0 ± 9.3 years vs. 16.0 ± 11.2 years; p=0.009). Functional impairment was greater among HE patients, reflected by lower Global Assessment of Functioning scores (31.7 ± 5.0 vs. 51.6 ± 12.6; p < 0.001), higher Neuropsychiatric Inventory totals (53.8 ± 13.2 vs. 22.9 ± 14.8; p < 0.001), and higher Clinical Global Impression–Severity ratings (6.7 ± 0.5 vs. 4.2 ± 1.2; p < 0.001). Sociodemographic and clinical details are presented in Table 1.


Table 1 | Sociodemographic and clinical features of patients with primary psychiatric disorders vs. Hashimoto’s encephalopathy.
	Variable
	Non-HE group (n = 31)
	Hashimoto’s Encephalopathy (n = 9)
	Test statistic
	p-value



	Age (years)
	45.97 ± 12.58
	49.89 ± 11.06
	U=116.0 (Z=–0.762)
	0.446


	Age at onset (years)
	30.10 ± 11.18
	42.89 ± 13.04
	U=59.0 (Z=–2.625)
	0.011


	Initial psychiatric diagnosis - index presentation interval (years)
	16.00 ± 11.22
	7.00 ± 9.35
	U=61.0 (Z=–2.545)
	0.009


	GAF score (baseline)
	51.61 ± 12.61
	31.67 ± 5.00
	U=29.0 (Z=–3.704)
	< 0.001


	NPI score (baseline)
	22.94 ± 14.79
	53.78 ± 13.17
	U=19.0 (Z=–3.965)
	< 0.001


	CGI-S (baseline severity)
	4.19 ± 1.22
	6.67 ± 0.50
	U=15.0 (Z=–4.119)
	< 0.001


	CGI-I (post-tx improvement)
	1.94 ± 0.96
	1.44 ± 0.53
	U=102.0 (Z=–1.311)
	0.190





Data are presented as mean ± standard deviation. U=Mann–Whitney U test (two-tailed). GAF, Global Assessment of Functioning; NPI, Neuropsychiatric Inventory; CGI-S, Clinical Global Impression–Severity; CGI-I, Clinical Global Impression–Improvement. p < 0.05 indicates statistical significance.



Patients with systemic or organ-specific autoimmune diseases capable of producing primary neuropsychiatric or central nervous system involvement—such as systemic lupus erythematosus, multiple sclerosis, Behçet disease, sarcoidosis, autoimmune vasculitides, or antiphospholipid syndrome—were explicitly excluded, as were individuals receiving ongoing immunomodulatory therapies. Consequently, none of the 40 enrolled patients (neither the nine in the HE group nor the 31 in the non-HE group) had a co-existing autoimmune condition presenting with neuropsychiatric signs and symptoms. No patient in either group harbored a co-existing active autoimmune disorder that required ongoing active treatment. Within the HE cohort (n = 9), co-existing autoimmune disorders comprised thyroiditis by history and thyroid ultrasonography or scintigraphy (n = 7). Coeliac disease (n = 1), rheumatoid arthritis (n = 1), and tracheobronchial asthma (n = 1) were identified by history. In the non-HE cohort (n = 31), autoimmune thyroiditis (n = 3), rheumatoid arthritis (n = 1), and asthma (n = 1) were documented by history. None of these comorbidities required active immunosuppressive treatment during the study period.

According to the Graus 2016 proposed criteria, five patients in the HE group also fulfilled the criteria for probable NMDAR encephalitis (Cases 1, 2, 3, 4, and 7). Four patients met the criteria of possible autoimmune encephalitis (Cases 2, 7, 8, and 9); of these, two (Cases 2 and 7) fulfilled criteria for both the possible AE and probable NMDAR encephalitis. Notably, one patient (Case 7) met the criteria for bot probable but antibody-negative AE and probable NMDAR encephalitis.





Neuropsychiatric syndrome patterns and clinical characteristics of HE patients

Complex and atypical neuropsychiatric presentations characterized the HE cohort. Delirium occurred in 88.9% of HE patients versus 6.5% of non-HE group (χ² = 25.281, p < 0.001). Catatonia was documented in 77.8% of HE cases (7/9) compared with 32.3% of non-HE cases (10/31) (χ² = 5.914, p=0.015). Rates of psychosis (88.9% vs. 61.3%), mania (44.4% vs. 45.2%), and depressive syndromes (22.2% vs. 38.7%) did not differ significantly (χ² ≤ 0.833, p ≥ 0.361 for all).

On formal cognitive testing, nearly all HE patients displayed marked impairment; Montreal Cognitive Assessment (MoCA) scores frequently fell below 10/30, and most of the patients (N=8/9) patients were unable to complete basic items during the acute phase. Delusions were likewise prevalent (88.9%), often taking paranoid or bizarre forms (e.g., Capgras- or Cotard-like). Hallucinations occurred in all patients in HE group (N=9). In eight of cases hallucinations were a manifestation of an established delirum syndrome at presentation.





Neurodiagnostic findings

Evidence of neuroinflammation in cerebrospinal fluid—lymphocytic pleocytosis, elevated IgG index, or type-2 oligoclonal bands—was detected in 55.6% of HE patients (N=5/9) but in none of the non-HE patients (0/31). All HE cases were negative for established neuronal autoantibodies; one non-HE patient harbored a paraneoplastic antibody, leading to a diagnosis of paraneoplastic encephalitis rather than HE.

Diffuse EEG slowing was documented in 33.3% of HE patients (p=0.001). Structural MRI findings were nonspecific for limbic encephalitis and/or autoimmune encephalitis in the context of bilateral medial temporal hyperintensities in both cohorts. Fluorodeoxyglucose positron emission tomography (FDG-PET) revealed cortical hypometabolism in 85.7% of imaged HE patients (6/7), who underwent FDG-PET imaging, compared with 0% of imaged AD patients (0/5) (χ² = 10.500, p=0.001). FDG-PET images of six HE patients are shown in Figure 2. Additionally, two AD patients instead showed patterns suggestive of neurodegeneration, and both were subsequently diagnosed with neurodegenerative disease (N=2/7). Neuropsychiatric syndrome patterns and neurodiagnostic features in patients with the non-HE group and the HE group are shown in Table 2.
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Figure 2 | FDG-PET hypometabolism in six HE patients.


Table 2 | Neuropsychiatric syndrome patterns and neurodiagnostic features in non-HE vs. Hashimoto’s encephalopathy groups.
	Neuropsychiatric syndrome patterns – DSM V
	Non-HE (n=31)
	HE (n=9)
	χ²
	p-value



	Catatonic syndrome
	10/31 (32.3%)
	7/9 (77.8%)
	5.914
	0.015


	Psychotic syndrome
	19/31 (61.3%)
	8/9 (88.9%)
	2.422
	0.120


	Manic syndrome
	14/31 (45.2%)
	4/9 (44.4%)
	0.001
	0.970


	Depression (syndromal)
	12/31 (38.7%)
	2/9 (22.2%)
	0.833
	0.361


	Delirium
	2/31 (6.5%)
	8/9 (88.9%)
	25.281
	< 0.001


	Abnormal CSF
	0/7 (0%)
	5/9 (55.6%)
	5.657
	0.017


	Abnormal EEG
	0/31 (0%)
	3/9 (33.3%)
	11.171
	0.001


	Abnormal FDG-PET
	0/5 (0%)
	6/7 (85.7%)
	10.500
	0.001


	Treatment resistance†
	0/31 (0%)
	9/9 (100%)
	40.000
	< 0.001





Data are presented as a number of patients with a feature/number assessed in the group (%). χ², Chi-square test (two-tailed). CSF and FDG-PET were performed in subsets of patients with diagnostic uncertainty (n=16 for CSF analysis, n=14 for FDG-PET). LP, lumbar puncture; EEG, electroencephalography; FDG-PET, fluorodeoxyglucose positron emission tomography.

†Treatment resistance is defined as a lack of clinically significant improvement with standard psychiatric treatment, necessitating immunotherapy. Abnormal CSF: nonspesific but indicating inflammation. Abnormal EEG: nonspesific abnormal slowing. Abnormal FDG-PET: nonspesific but atypical hypometabolism.







Subgroup of suspected autoimmune cases

Sixteen anti-thyroid antibody positive patients were initially evaluated for possible HE or autoimmune encephalopathy (N=16/40). After full work-up, nine were confirmed as HE and seven were classified into alternative diagnosis (AD; neurodegenerative disorders, N=2; definite autoimmune encephalitis, N=1; primary psychiatric disorder, N=3). Delirium distinguished confirmed HE from false-positive cases (88.9% vs. 14.3%; p=0.003), whereas catatonia was frequent in both subgroups (77.8% vs. 100%; p=0.182). Psychosis, mood syndromes, and abnormal EEG did not differ significantly (p < 0.05). All HE patients were resistant to standard psychiatric therapies involving ECT and/or lorazepam trials for their catatonic symptoms and antipsychotics and/or mood stabilator for their psychotic and manic syndromes, and required corticosteroids; all AD patients improved with conventional treatment for their catatonic symptoms, even patients diagnosed with neurodegenerative disease improved significantly with ECT treatment, except one patient with paraneoplastic autoimmune encephalitis. and paraneoplastic encephalitis responded well (p < 0.001). Subgroup comparison regarding neurodiagnostic syndrome patterns and paraclinical features is shown in Table 3.


Table 3 | Subgroup comparison – patients confirmed with Hashimoto’s encephalopathy vs. those initially suspected of HE but classified into an alternative diagnosis.
	Clinical and Paraclinical features
	AD (n=7)
	HE (n=9)
	Test statistic
	p-value



	Age (years)
	46.43 ± 11.87
	46.89 ± 13.04
	U=31.0
	0.958


	Age at onset (years)
	33.71 ± 10.89
	42.89 ± 13.04
	U=24.5
	0.458


	Illness duration (years)
	12.71 ± 9.87
	7.00 ± 9.35
	U=16.0
	0.097


	GAF score
	48.57 ± 13.21
	31.67 ± 5.00
	U=21.0
	0.142


	NPI score
	25.71 ± 15.34
	53.78 ± 13.17
	U=9.0
	0.014


	CGI-S
	4.43 ± 1.13
	6.67 ± 0.50
	U=13.5
	0.039


	CGI-I
	2.14 ± 1.07
	1.44 ± 0.53
	U=14.5
	0.047


	Clinical and paraclinical features
	AD (n=7)
	HE (n =9)
	χ²
	p-value


	Catatonic syndrome
	7/7 (100%)
	7/9 (77.8%)
	1.778
	0.182


	Psychotic syndrome
	6/7 (85.7%)
	8/9 (88.9%)
	0.036
	0.849


	Manic syndrome
	5/7 (71.4%)
	4/9 (44.4%)
	1.165
	0.280


	Depression
	1/7 (14.3%)
	2/9 (22.2%)
	0.163
	0.687


	Delirium
	1/7 (14.3%)
	8/9 (88.9%)
	8.905
	0.003


	Abnormal CSF*
	0/7 (0%)
	5/9 (55.6%)
	5.657
	0.017


	Abnormal EEG
	0/7 (0%)
	3/9 (33.3%)
	2.872
	0.090


	Abnormal FDG-PET*
	0/5 (0%)
	6/7 (85.7%)
	10.500
	0.001


	Treatment resistance†
	0/7 (0%)
	9/9 (100%)
	16.000
	< 0.001





Suspected HE, patients initially suspected of HE but ultimately diagnosed with a primary psychiatric disorder; Confirmed HE, patients with a confirmed Hashimoto’s Encephalopathy diagnosis. Data are mean ± SD or n/N (%) as indicated. U=Mann–Whitney U test; χ², Chi-square test (two-tailed). Abnormal CSF and FDG-PET were assessed only in those who underwent the procedures (subset of the 14 suspected HE patients). Abbreviations as in previous tables. p < 0.05 indicates statistical significance. Abnormal CSF, nonspesific but indicating inflammation; Abnormal FDG-PET: nonspesific but indicating atypical hypometabolism.



Neurological signs unique to the HE group included stroke-like focal deficits (11.1%), orofacial dyskinesias (11.1%), dysarthria (44.4%), parkinsonian tremor/rigidity (22.2%), myoclonus (22.2%), stroke-like features-unilateral limb paralysis (11.1%), and language disorder (55.5%) A comprehensive list of neurologic neuropsychiatric signs in HE patients are presented in Table 4.


Table 4 | Neuropsychiatric and neurologic signs and symptoms in confirmed Hashimoto’s encephalopathy patients (n=9).
	Clinical signs and symptoms
	Number of patients (n=9)
	Percentage (%)



	Cognitive impairment
	9
	100%


	Catatonic signs and symptoms
	7
	77.8%


	Delusions
	8
	88.9%


	Hallucinations
	9
	100%


	Depressive symptoms
	2
	22.2%


	Delirious features
	8
	88.9%


	Neurological signs:


	- Language disorder
- Myoclonus
	5
2
	55.5%
22.2%


	 – Parkinsonism
	2
	22.2%


	 – Orofacial dyskinesia
	2
	22.2%


	 – Dysarthria
	4
	44.4%


	 – Seizures
	0
	0%


	 – Stroke-like episodes
	1
	11.1%





CSF, cerebrospinal fluid; EEG, electroencephalography; FDG-PET, fluorodeoxyglucose positron emission tomography.







Treatment response and outcomes

All the patients in the HE group failed to improve with antipsychotics, mood stabilizers, lorazepam, or electroconvulsive therapy (ECT), necessitating high-dose intravenous methylprednisolone (1 g day¹ for 5–7 days). Corticosteroid therapy produced rapid resolution of catatonia, delirium, psychosis, mood disturbance, and cognitive impairment, typically within 3–7 days. The BFCRS score of all patients in the HE group was reduced to 0.

In the non-HE group initially suspected of HE (AD group), lorazepam and ECT effectively treated catatonia and other psychiatric symptoms; even those later diagnosed with neurodegenerative disease responded to ECT for their catatonic signs and symptoms. By discharge, Clinical Global Impression–Improvement scores did not differ between HE and primary psychiatric patients (1.44 ± 0.53 vs. 1.94 ± 0.96; U=102.0, p=0.190), reflecting substantial symptomatic recovery in both cohorts. In the HE group, MoCA scores improved from severely impaired (<10/30) to near-normal ranges (mid-20s to 30/30), and associated neurological signs, including parkinsonism, myoclonus, stroke-like features, dyskinesia, dysarthria, and language disorder, resolved in parallel. The FDG‐PET scans obtained during the remission phase following initial therapy for three patients are presented in Figure 3. Early control FDG‐PET studies performed after acute immunotherapy showed improvements in the pretreatment hypometabolism for these three patients. No follow-up FDG-PET data are available for other patients, as control scans were not performed. In those with baseline EEG abnormalities (N=3), follow‐up EEGs normalized. Notably, the subacute neurological motor symptoms listed in Table 4—Parkinsonism, myoclonus, dysarthria, language disorder, and stroke‐like episodes—resolved after 5–7 days of pulse therapy, concomitant with improvement in other neuropsychiatric manifestations. In the management of HE, following initial pulse corticosteroid therapy, immunotherapy was arranged as follows: two patients received maintenance treatment with oral steroids and azathioprine for nine months, one patient received maintenance oral steroids for six months, and the remaining patients received maintenance oral steroids for two months. Detailed objective treatment outcomes of patients with HE are shown in Table 5.
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Figure 3 | Treatment response in three patients with HE.


Table 5 | Objective treatment outcomes in the HE group.
	Case
	MoCA score (Pre → Post)
	FDG-PET(Post-Treatment)
	EEG follow-up
	Maintenance therapy
	Relapse
	Response to relapse
	Final outcome



	1
	<10 → 28
	improvement
	 
	Steroids + AZA (9 mo)
	Yes (1 mo. after AZA stopped)
	Resistance to Re-pulse steroids,
Marked improvement with IVIG
	Asymptomatic at 3 yrs


	2
	<10 → 21
	improvement
	Normalized
	Steroids + AZA (9 mo)
	Yes (2 mo after steroids stopped)
	Improvement with Re-pulse steroids
	Asymptomatic at 3 yrs


	3
	<10 → 24
	improvement
	Normalized
	Steroids (6 mo)
	Yes (1 year after steroid cessation)
	Improvement with Re-pulse steroids
	Asymptomatic at 1 year


	4
	<10 → 27
	Not performed
	 
	Steroids (2 mo)
	No
	—
	Sustained remission


	5
	<10 → 29
	Not performed
	 
	Steroids (2 mo)
	No
	—
	Sustained remission


	6
	<10 → 30
	Not performed
	 
	Steroids (2 mo)
	No
	—
	Sustained remission


	7
	<10 → 25
	Not performed
	 
	Steroids (2 mo)
	No
	–
	Sustained remission


	8
	<10 → 26
	Not performed
	 
	Steroids (2 mo)
	No
	—
	Sustained remission


	9
	<10 → 27
	Not performed
	Normalized
	Steroids (2 mo)
	No
	—
	Sustained remission





CSF, cerebrospinal fluid; EEG, electroencephalography; FDG-PET, fluorodeoxyglucose positron emission tomography.



During post‐treatment follow‐up, three patients experienced relapse within the first year of their follow-up. Among the three patients who relapsed, the timing of relapse was as follows: one patient relapsed within one month of discontinuing azathioprine; a second patient relapsed within two months after steroid therapy cessation; and the third patient relapsed at one year following two months of discontinuation of oral steroids. Among these patients, two achieved complete remission following pulse corticosteroid therapy. Thereafter, long-term maintenance immunosuppression with oral corticosteroids and azathioprine was initiated, and both individuals have remained asymptomatic at three-year follow-up. In contrast, the third patient’s relapse proved refractory to corticosteroid therapy; after remission induction with intravenous immunoglobulin (IVIG), immunomodulatory treatment was initiated.

In sum, among thyroid-antibody–positive psychiatric in-patients (N=40/484), a distinct subset (22.5%) met criteria for Hashimoto’s encephalopathy. These patients exhibited late-onset, acute delirium and/or catatonia, profound functional impairment, objective markers of neuroinflammation, and resistance to standard psychiatric care. Prompt recognition of red-flag features—especially unexplained delirium, concurrent catatonia, and treatment resistance—combined with targeted investigations (thyroid antibodies, CSF analysis, EEG, FDG-PET) enabled timely diagnosis and corticosteroid treatment, resulting in excellent clinical outcomes. Detailed descriptions of FDG-PET, CSF, EEG and MRI investigations in HE patients are shown in Table 6.


Table 6 | Neurodiagnostic findings in HE group.
	Case
	FDG-PET
	CSF
	EEG
	MRI



	1
	Severe Diffuse hypometabolism in bilateral cerebral hemispheres, prominent in parietal, temporal, and occipital lobes.
	Cell= 5 WBC /mm ³, Oligoclonal bands (OCB) Type 2
	Normal trace, 8–9 Hz Background rhythm
	Normal


	2
	Severe Diffuse hypometabolism in bilateral frontal, parietal, temporal, and occipital lobes, most prominently in the left inferior parietal and temporal lobes, with low-level hypometabolism in the posterior cingulate gyrus.
	Cell= 0 WBC/mm3; OCBs (Type IV)
	6–7 Hz background rhythm, Abnormal diffuse slowing
	Nonspecific


	3
	Severe Diffuse hypometabolism in bilateral frontal, parietal, temporal, and occipital lobes (prominently in the right frontal region), anterior cingulate gyrus, and primary visual cortex.
	Cell=0 WBC/mm 3; OCBs (Type IV)
	5–6 Hz Background rhythm,Abnormal diffuse slowing.
	Normal


	4
	N/A.
	Cell=0 WBC/mm3;Protein=53.3 mg/dL; IgG=67.3 mg/dL,; IgG=index 0.89; OCBs (Type II and Type III)
	Normal trace, 9–10 Hz background rhythm
	T2-FLAIR periventricular hyperintensities compatible with inflammatory lesions.


	5
	Normal metabolism
	Cell=5 WBC/mm3; IgG index=1.02
	Normal Trace, 8–9 Hz Background rhythm
	Normal


	6
	Minimal relative focal hypometabolism in the left temporal and lateral prefrontal cortex, and left inferior parietal lobe compared to the contralateral hemisphere.
	Cell= 0 WBC/mm3; OCBs type IV
	Normal trace, 9–10 Hz Background rhythm
	Normal


	7
	N/A.
	Cell: 10 WBC/mm³.
	Normal trace, 9–10 Hz Background rhythm
	Normal


	8
	Severe patchy/regional hypometabolism in multiple areas of bilateral cerebral hemispheres, including the inferior parietal lobe, occipital lobe, lateral temporal lobe, precuneus, and lateral prefrontal cortex (Diffuse hypometabolic focal areas in bilateral cerebral cortex)
	Cell=1 WBC mm3 IgG index=0.91
	Normal Trace,
8–9 Hz background rhythm
	Normal.


	9
	Severe diffuse hypometabolic focal areas in bilateral cerebral hemispheres.
	Cell=0 WBC/mm3
	5–6 Hz background rhythm, abnormal diffuse slowing
	Normal.





CSF, cerebrospinal fluid; EEG, electroencephalography; FDG-PET, fluorodeoxyglucose positron emission tomography.








Discussion

This study is, to our knowledge, the first to systematically and structurally evaluate Hashimoto’s encephalopathy (HE) in psychiatric inpatients through a retrospective chart review of cases that had been prospectively assessed at the time of admission. Conducted in a specialized women’s neuropsychiatry unit, all included patients underwent a structured, protocol-driven diagnostic work-up during their index hospitalization, incorporating multimodal paraclinical assessments—CSF analysis, EEG, MRI, and FDG-PET—together with standardized clinical and cognitive tools such as MoCA, BFCRS, and CAM. This comprehensive, protocolized approach addresses a major gap in the literature, as previous HE studies have predominantly focused on neurology cohorts or relied on retrospective data without structured, prospective psychiatric evaluation. By integrating real-time standardized assessments with retrospective outcome analysis, our study underscores the importance of thorough neuropsychiatric evaluation for accurate HE diagnosis in patients whose presentations are dominated by psychiatric symptoms. Although HE was reported relatively uncommon — In the present study, HE accounted for 1.9% of all admissions and 22.5% of anti-thyroid antibody positive cases, — it emerged as a distinct, severe, and steroid-responsive neuropsychiatric syndrome. The systematic multimodal approach enabled identification of key clinical, cognitive, and neurodiagnostic features that differentiate HE from primary psychiatric disorders, facilitating earlier diagnosis and targeted intervention in this otherwise elusive condition.




Diagnostic challenges in HE

Anti-thyroid (TPO, TG) antibodies are common (8–13%) in the general population and even more prevalent in psychiatric patients. In our cohort of 40 anti-thyroid antibody positive inpatients, only 9 (22.5%) met strict HE criteria – far above the 5.3% and 15.2% reported in neurology cohorts (17, 18). This likely reflects our focus on atypical, treatment-resistant cases. As Valencia-Sanchez et al. (2021) (19) observed, most seropositive patients did not have HE, underscoring that thyroid antibodies alone have limited specificity and that HE may be under-recognized in psychiatric settings.

In the present study, chart reviews revealed prior psychiatric symptoms treated elsewhere, but we did not consider these as causal evidence for Hashimoto’s encephalopathy (HE). HE has been reported to be characterized with a chronic or relapsing–remitting course, which may explain the long interval between patients’ earliest psychiatric presentation and referral to our center, without implying causality. All patients received a comprehensive autoimmune and neuropsychiatric evaluation during the index episode, characterized by subacute onset of neuropsychiatric symptoms.

Given HE’s often chronic or relapsing-remitting course—unlike the typically monophasic trajectory of other antibody-mediated encephalitides, such as NMDAR encephalitis—”mean disease duration” reflected the interval since the first documented psychiatric diagnosis in present study. In the HE group, the reported disease duration of our genuine HE patients represents the interval from the first documented psychiatric diagnosis to the index presentation. While all index episodes of the patients began with subacute neuropsychiatric symptoms, patients’ prior psychiatric history may reflect either early, unrecognized manifestations of HE, or alternatively, co-occurring functional psychiatric syndromes. Notably, in some cases, early signs of autoimmune dysfunction may have been misattributed to functional psychiatric illnesses, such as bipolar disorder, thereby delaying appropriate recognition and intervention.

We adopted a two-step diagnostic algorithm, which optimized sensitivity while reducing unnecessary invasive procedures among patients ultimately diagnosed with primary psychiatric disorders. Nevertheless, this strategy revealed spectrum bias, as the detection rate could have decreased substantially had the remaining 24 anti-thyroid antibody positive patients undergone equivalent evaluations. Importantly, stratifying cases into an initially suspected HE group (e.g., HE-like AD subgroup) underscores that anti-thyroid antibody positivity alone—even when accompanied by overlapping HE-like features—may be insufficient to establish a definitive HE diagnosis or to justify empirical immunotherapy in the absence of additional supportive evidence.

Absolute TPO/TG titers were omitted as they do not predict diagnosis or steroid responsiveness (5, 19). Antibody status was treated categorically to avoid causal inferences from incidental serology. Our findings echo previous warnings (4, 19) that thyroid antibodies must be interpreted within a multimodal framework of (i) compatible clinical features, (ii) neurodiagnostic abnormalities, and (iii) therapeutic response.





Clinical phenotype: a catatonia–delirium complex

All nine HE patients had acute or sub-acute encephalopathy with severe cognitive and behavioral disturbances. Catatonia occurred in 77.8% and delirium in 88.9%, frequencies rarely seen in neurologic cohorts. Classical series note seizures, myoclonus, or ataxia (3, 7, 18), but our patients, from a psychiatric ward, exhibited catatonia, psychosis, or mood disturbances without epileptic features. Although catatonia has historically been underrecognized in Hashimoto’s Encephalopathy (HE), several case reports documented steroid-responsive catatonia as a manifestation of an autoimmune encephalopathy similarly noted catatonia in patients with HE (4, 20–25).

Catatonia (77.8%) and delirium (88.9%) co-occurred prominently in HE patients, marking a novel observation in this cohort and almost absent in the comparison group. While psychosis and mania were common in both groups, these findings suggest that the catatonia–delirium complex may indicate autoimmune encephalopathy/probable HE in psychiatric settings. Although psychosis is often reported (> 50%) in HE (3, 5), our data suggest that catatonia–delirium syndrome may be more informative diagnostically in certain populations. These findings highlight the value of systematic screening: in our unit, routine use of the Bush–Francis Catatonia Rating Scale (BFCRS) and the Confusion Assessment Method (CAM) enabled us to detect catatonia–delirium syndromes that might otherwise be missed.

Psychosis, while common, isn’t a reliable discriminator since it appears in both groups. Its prominence may mask catatonia and cognitive impairment, particularly in psychiatric units where catatonia is often under-assessed. This has important implications, as delayed recognition of HE due to psychosis can lead to postponed treatment. Additionally, severe cognitive impairment, commonly seen as global cognitive impairment, may indicate catatonia or delirium rather than primary decline. This overlap is rarely discussed in the literature, and standardized catatonia evaluations are seldom part of HE case series.

Catatonia may remain underdiagnosed in HE due to misclassification in neurology as “altered mental status,” confusion, or withdrawal, as well as latency in response, apraxia, motor incoordination, language impairments, behavioral disorganization, comprehension difficulties, akinesia, and bradykinesia. Terms like “mutism,” “bradykinesia,” “lack of responsiveness,” or “psychomotor retardation”—common in neurology notes—may describe catatonic states without labeling them (26). In our psychiatric unit, routine screening contributed to high prevalence rates. Based on this, we systematically applied BFCRS and the Confusion Assessment Method (CAM) at admission and during hospitalization.

Importantly, catatonia in HE was refractory to benzodiazepines and ECT but reversed with corticosteroids. By contrast, catatonia in anti-thyroid antibody positive patients with primary psychiatric or degenerative diagnoses responded to lorazepam or ECT alone. Clinically, failing to recognize catatonia–delirium is risky: misguided treatment (e.g., unnecessary antipsychotics) can precipitate malignant catatonia or neuroleptic malignant syndrome, and delirium may be misinterpreted as agitation. We therefore advocate routine BFCRS and CAM screening in anti-thyroid antibody positive, treatment-resistant patients. Catatonia alone was nonspecific: about one-third of anti-thyroid antibody positive cases showed catatonic signs responsive to benzodiazepines or ECT. The diagnostic weight lies in refractory catatonia–delirium alongside thyroid autoimmunity, negative neuronal antibody panels, and supportive paraclinical findings.

Our findings are among the first to quantify the prevalence of catatonia in a cohort of psychiatric inpatients who are positive for thyroid antibodies, suggesting that it may be a common and reversible phenotype when assessed systematically.





Neurodiagnostic features

Neurodiagnostic testing is crucial for differentiating autoimmune encephalopathies, like probable HE (8), from primary psychiatric disorders, neurodegenerative, and neurodevelopmental disorders. Inflammatory CSF abnormalities (pleocytosis, elevated IgG index, oligoclonal bands) occurred in 55.6% of HE patients but in none of our anti-thyroid antibody positive psychiatric controls, consistent with autoimmune CNS inflammation. We observed no significant CSF protein elevation, aligning with recent reports that mild protein increases are nonspecific (3, 19). Many older studies reporting elevated CSF protein did not examine CSF neuronal antibodies (19). EEG showed diffuse slowing in 33.3% of HE patients (versus ~80% in older series), consistent with more recent cohorts (5, 27) (Chaudhuri et al., 2023; Mattozzi et al., 2020). Thus, EEG had modest sensitivity but, when abnormal, supported an encephalopathy diagnosis.

^18F-FDG-PET was the most sensitive modality in our sample, with cortical hypometabolism in 85.7% of HE cases. This aligns with evidence that FDG-PET can reveal functional abnormalities in autoimmune encephalopathy even when MRI and EEG are normal (19, 21, 28). In our study, the severity and extent of hypometabolism strongly suggested an autoimmune process. We therefore endorse including FDG-PET in the workup of anti-thyroid antibody positive, treatment-resistant psychiatric patients with unexplained cognitive decline.

Although only one patient in our HE group met the full criteria for antibody-negative probable autoimmune encephalitis (AE) as defined by Graus et al. (2016)—primarily due to normal MRI findings in the remaining patients—it remained important to consider that some patients may have exhibited a neuroinflammatory process independent of thyroid antibody status. Specifically, certain cases displayed laboratory features suggestive of central nervous system (CNS) inflammation, such as CSF abnormalities or EEG changes, This underscores the possibility that autoimmune etiology in some patients may be supported not solely by thyroid autoantibodies, but also by the presence of neuropsychiatric signs and symptoms associated with limbic dysfunction and other ancillary markers indicative of neuroinflammation. Hashimoto’s encephalopathy (HE), or steroid-responsive encephalopathy associated with thyroiditis (SREAT), is often linked to seropositive thyroid antibodies, which may suggest an autoimmune etiology but are not diagnostic on their own. they may support an autoimmune etiology as an epiphenomenon. Combined with atypical clinical presentations such as severe atypical cognitive dysfunction and other nonspecific but suggestive paraclinical evidence of CNS inflammation in cases with seropositive thyroid antibodies—such as severe cortical hypometabolism on FDG-PET, CNS-specific oligoclonal bands, elevated igG-index and EEG background slowing—thyroid antibodies can support the possibility of an immune-mediated process. Notably, although neither Case 5 nor Case 6 fulfilled any Graus criteria for autoimmune encephalitis, the atypical presentation with an elevated CSF IgG index in Case 5 and the delirium-independent severe cognitive impairment with FDG-PET hypometabolism in Case 6 constitute clinical–paraclinical cues that may indicate CNS autoimmunity and thus warrant initiation of empirical corticosteroid therapy.

Taken together, these observations emphasize that thyroid-antibody seropositivity should be interpreted in the broader context of converging clinical and paraclinical evidence for neuroinflammation. In our study empirical corticosteroids were initiated in individuals who also concurrently met proposed structured criteria for autoimmune encephalitides (e.g. possible AE, probable NMDAR encephalitis) and/or probable autoimmune psychosis – thereby strengthening the clinical rationale for immunosuppressive treatment. Inflammatory CSF markers (elevated IgG index, pleocytosis, or oligoclonal bands) emerged as important markers for the treatment initiation.





Treatment response and prognosis

All nine HE patients responded rapidly to IV methylprednisolone (1 g/day for 5–7 days), with median CGI-I improving from “very much worse” at baseline to “very much improved” by day 7 and MoCA scores rising from <10 to 23–29. Parallel gains were seen on the BFCRS, CAM, and NPI, and follow-up EEG slowing and fronto-parietal ^18F-FDG hypometabolism normalized in follow-up testing in some patients.

Notably, two patients (22%) relapsed within four months of a rapid steroid taper; one regained remission after a second methylprednisolone pulse and extended prednisone taper, and the other after IVIG (2 g/kg) followed by azathioprine (2 mg/kg/day), with both remaining relapse-free at ≥ 12 months. These outcomes underscore the necessity of prolonged tapering and, where appropriate, long-term steroid-sparing therapy, paralleling the ~ 16% relapse rate in Laurent et al. (2016) and the taper-related relapses was also reported (27).

Our 100% steroid-response rate aligns with earlier series of HE but contrasts with varied outcomes in recent, broader cohorts. Castillo et al. (2006) (7) and Ferracci & Carnevale (2006) (29) reported nearly 100% remission with steroids, and other cohorts found 85–93% response rates (2, 30, 31). This treatment response correlates with earlier studies. Laurent et al. (2016) (3) reported a 91% improvement rate with corticosteroids in 251 HE cases. Figgie et al. (2024) (17) noted consistent steroid responsiveness in confirmed HE cases and recommended empirical steroid trials for unexplained neuropsychiatric presentations with thyroid antibodies. Figgie et al. (2024) observed rapid improvement in all confirmed HE patients (7/7) following the same steroid protocol. Dumrikarnlert et al. (2023) (18) found that 75% of patients exhibited significant improvement, while 16.6% showed no benefit, highlighting response variability. Chaudhuri et al. (2023) (28) noted initial steroid efficacy but warned of relapse risks, especially with rapid tapering or inadequate treatment.

In contrast, broader HE cohorts report much lower remission rates (5 19) (32%; 27% respectively). Mattozzi et al. (2020) discovered that only 31.6% of patients with classical HE criteria achieved full remission with steroids (5). Valencia-Sanchez et al. (2021) found that many initially suspected HE patients did not respond to steroids, with most non-responders receiving alternative diagnoses (19). Litmeier et al. (2016) (32) summarized the variability in response rates (32–93%) across the literature, suggesting possible HE subtypes. Thus, steroid responsiveness is supportive but not definitive for diagnosis. This discrepancy highlights how inclusion criteria affect perceived efficacy: our study, like the aforementioned high-response series, required (i) treatment resistance to standard psychotropics, (ii) objective neurodiagnostic abnormalities, and (iii) a monitored steroid trial to confirm HE.

Our results support corticosteroid responsiveness as a diagnostic adjunct in ambiguous or treatment-resistant cases, in line with Figgie et al.’s emphasis on the risks of indiscriminate steroid use (9). Initiating immunotherapy based solely on thyroid antibody positivity, without supportive paraclinical evidence (e.g., CSF inflammation or PET abnormalities), may result in misdiagnosis or iatrogenic harm, echoing warnings from Valencia-Sanchez et al. (2021) and Mattozzi et al. (2020) (5, 19). Their experiences, alongside Valencia-Sanchez et al.’s cautionary data, reaffirm that anti-thyroid antibody positivity is not an indication for empirical steroids (11). Optimal management requires reserving corticosteroid trials for patients with red-flag clinical features (especially the catatonia–delirium complex) and demonstrable CNS inflammatory markers. It also necessitates documenting outcomes with objective scales such as CGI-I, MoCA, BFCRS, and CAM to avoid misattributing nonspecific improvement to immunotherapy.

Significantly, we also identified anti-thyroid antibody-positive cases that exhibited a catatonic syndrome mimicking HE or had encephalopathy-like presentations but responded solely to ECT treatment, implying a spectrum of thyroid-related neuropsychiatric disorders ranging from incidental seropositivity and a potentially subthreshold autoimmune phenotype responsive to conventional psychotropics, and fully established steroid-responsive HE (5). These observations underscore the need to prioritize evidence-based psychiatric treatment before initiating immunotherapy, while reserving corticosteroids for patients meeting rigorous clinical and paraclinical criteria in the context of HE. This notion aligns with isolated case reports in the literature describing improvement of catatonia associated with anti-NMDA receptor encephalitis following ECT or memantine treatment.

Our study adds to the growing recognition that a subset of psychiatric inpatients with thyroid autoantibodies and atypical features—especially those with catatonia, delirium, and treatment resistance—may harbor undiagnosed autoimmune encephalopathy. Yet these patients are often overlooked in psychiatric settings, particularly when overt neurological findings are absent. Knowing that a small but important subgroup of patients may improve dramatically with steroids is crucial, especially as standard psychiatric treatments may be ineffective.

Few HE studies employ formal cognition metrics; in our nine confirmed cases, serial MoCA testing documented robust cognitive gains during corticosteroid therapy, often paralleling EEG and FDG-PET normalization. Earlier series (7, 32) relied largely on clinician impression, whereas combining MoCA with BFCRS in our cohort provides reproducible, objective evidence of treatment efficacy. Baseline MoCA scores were markedly low—likely reflecting the combined impact of catatonia and delirium, phenomena frequently under-recognized in HE literature. These findings highlight the need to integrate standardized neurocognitive assessments when monitoring autoimmune encephalopathy, especially in psychiatric settings where cognitive deficits are multifactorial. The study also illustrates the diagnostic overlap between HE and rapidly progressive neurodegenerative disorders, such as FTD or CJD, highlighted by two neurodegenerative cases whose catatonia resolved with electroconvulsive therapy.

Our findings carry several important implications for practice. They reinforce that HE should be considered in psychiatric inpatients with atypical or refractory presentations. Sudden-onset catatonia, unexplained delirium, or rapidly progressive cognitive decline – especially when accompanied by thyroid antibodies or other “red flag” signs – should prompt evaluation for autoimmune encephalopathy. Failure to consider HE may result in delayed diagnosis and inappropriate treatment, as standard psychiatric interventions alone may not address the underlying immune process.

Our study has limitations. It is a retrospective chart review. The number of confirmed HE cases was small (n=9) and all were women, potentially limiting generalizability and inflating the apparent frequency of thyroid autoimmunity. Effect sizes (e.g. 77.8% catatonia) should be interpreted cautiously until replicated in larger, mixed-gender cohorts. Requiring steroid responsiveness in the HE definition introduces circularity, possibly excluding cases that meet clinical criteria but were not treated or did not respond. Only 16 of 40 anti-thyroid antibody-positive patients underwent complete neurologic evaluation, so milder or subclinical cases may have been missed. It is also unclear whether the severe cognitive deficits observed were intrinsic to HE or secondary to catatonia/delirium. Given the high background prevalence of thyroid antibodies, their clinical significance even in this context remains uncertain. Most of our comparison group were anti-thyroid antibody positive psychiatric patients, which may exaggerate differences (spectrum bias). Elevated anti-TPO/TG antibodies may be epiphenomenal; T-cell–mediated inflammation, molecular mimicry, or yet-undiscovered neuronal antibodies could play primary roles (33). We did not employ advanced antibody discovery (rodent-brain assays), so novel autoantibodies may have been overlooked. Reliance on commercially available cell-surface antibody assays constitutes a methodological limitation, given the possibility of false-negative findings that may result in failure to detect underlying autoantibody related autoimmune processes (34).

Another limitation of this study lies in its dependence on chart reviews for historical psychiatric diagnoses and treatments, which were not regarded as causal evidence for Hashimoto’s encephalopathy (HE). The chronic and/or relapsing–remitting course of HE poses challenges in interpreting prolonged symptom histories, making it difficult to differentiate between the natural progression of HE and co-occurring primary psychiatric syndromes. Future studies with larger sample sizes are required to investigate the association between Hashimoto’s encephalopathy and preceding psychiatric disorders.

These limitations underscore the need for multicenter, prospective studies with standardized protocols, systematic catatonia/delirium screening, comprehensive CSF and imaging panels, and advanced immunologic testing. Such efforts are essential to refine HE prevalence, validate biomarkers, and optimize management in psychiatric populations.






Conclusion and clinical implications

HE is an uncommon but highly treatable cause of refractory neuropsychiatric illness in psychiatric settings. A catatonia–delirium complex in the context of thyroid autoimmunity, negative routine neuronal antibodies, and failure of conventional psychotropics should prompt CSF analysis, metabolic imaging, and, when supportive, a carefully monitored corticosteroid trial. Early recognition can forestall prolonged disability and iatrogenic complications, whereas indiscriminate steroid use based solely on anti-thyroid antibody positivity risks harm. Multimodal, interdisciplinary assessment—including systematic BFCRS, CAM, MoCA, and paraclinical testing—offers the best balance between timely treatment and diagnostic precision. Future multicenter, prospective studies with advanced immunological assays are required to delineate true HE prevalence, clarify pathogenesis, and optimize long-term immunotherapy strategies.
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Background

Delirium, a prevalent form of acute brain dysfunction, is characterized by perceptual disturbances that may lead to the formation of delusional memories. This pathological process could subsequently elevate the risk of developing posttraumatic stress disorder (PTSD). However, the findings of previous research are inconsistent, and the association has not been systematically evaluated. Therefore, this study attempts to clarify the epidemiological relationship between delirium and PTSD as well as its clinical significance through a thorough integration of the available data, aiming to provide an evidence-based foundation for the early identification of high-risk patients and the creation of focused intervention strategies.





Methods

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines during the literature search. Comprehensive searches were conducted in PubMed, Ovid MEDLINE, APA PsycINFO, Embase, Scopus, and CINAHL, covering all relevant literature published from each database’s inception until April 3, 2025. The search strategy combined free-text terms with controlled vocabulary (MeSH/Emtree terms) related to delirium and PTSD. This systematic review was registered with PROSPERO (CRD420251031880).





Results

A total of 11 articles were included in this study. Meta-analysis of unadjusted ORs revealed that patients with delirium exhibited a significantly higher risk of developing PTSD compared to non-delirium controls (OR = 3.31, 95% CI [2.21–4.97]). After adjusting for potential confounders, the pooled results based on adjusted ORs continued to indicate a significant association between delirium and increased PTSD risk (OR = 3.96, 95% CI [1.85–8.50]). Six studies explored differences in PTSD scores between delirious and non-delirious patients. Of the four studies initially reporting median values, two were excluded following skewness assessment for non-normal data distribution. The data from the remaining two studies were transformed into mean ± SD format for subsequent analysis. A meta-analysis of these four trials revealed that patients with delirium scored significantly higher on PTSD symptoms than those without (SMD = 0.50, 95% CI: 0.22–0.78, Z = 3.459, P<0.001).





Conclusion

This meta-analysis found a significant association between PTSD and delirium.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/view/CRD420251031880, identifier CRD420251031880.
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1 Introduction

Delirium is a syndrome of acute brain dysfunction. The American Psychiatric Association’s diagnostic criteria define delirium as the abrupt onset of acute impairment of attention, level of consciousness, and cognitive functioning over a brief period usually hours to days, caused by an underlying medical condition or drug effect. This cluster of symptoms is currently not explained by comatose states or preexisting neurocognitive deficits (1). Epidemiological studies indicate that delirium affects 14% to 24% of hospitalized patients. The number rises dramatically with the severity of the underlying illness and length of hospital stay, reaching 70% to 87% among patients in intensive care (2). Current evidence demonstrates that delirium contributes to multiple adverse clinical outcomes, including prolonged mechanical ventilation duration and ICU length of stay, increased incidence of systemic complications, and long-term cognitive impairment (3, 4).

In recent years, research has gradually revealed a potential association between delirium and PTSD. Delirium’s aberrant perceptual experiences may lead to the creation of delusional memories; this process increases the risk of developing PTSD (5). As a potential distant complication of delirium, PTSD manifests with symptoms of extreme fear. Its primary symptoms include traumatic re-experience, avoidance symptoms, negative cognitive and emotional changes, and increased alertness and responsiveness (1, 6). These symptoms severely impair people’s social functioning, drastically lower their quality of life, and place a heavy burden on both individuals and society. Therefore, it is clinically crucial to determine whether delirium is a risk factor for PTSD to create effective PTSD prevention methods.

However, current research evidence on whether delirium affects the occurrence of PTSD is significantly discrepant. According to certain cohort studies, patients with delirium have a 3–4 times greater risk of PTSD than patients without delirium (OR = 3.23, 95% CI 0.61–17.13), particularly at the 12-month follow-up time point following patient discharge (7). However, according to Su et al.’s study (8), there was no statistically significant difference in the incidence of PTSD between patients with/without delirium, nor in any of the scale assessment characteristics (hyperarousal, intrusive symptoms, and avoidance symptoms). Methodological variations, including the selection of PTSD assessment instruments, the establishment of follow-up time points, and disparate study population characteristics, could be the cause of this discrepancy. While multiple primary investigations have examined the delirium-PTSD relationship, the current literature lacks comprehensive meta-analytic quantification of this association. Therefore, there is a need to elucidate the association through systematic integration of evidence.

This study employs meta-analytic methods to quantitatively assess the delirium-PTSD association, while investigating potential heterogeneity sources through sensitivity and subgroup analyses, thereby establishing a robust evidence base for clinical decision-making.




2 Materials and methods

The systematic review and meta-analysis were conducted in accordance with PRISMA guidelines and have been prospectively registered in the Prospective Registry of Systematic Reviews (PROSPERO) (identifier: CRD420251031880).



2.1 Search strategy

This study used a systematic literature search strategy with a computerized search of six databases: PubMed, Ovid Medline, APA PsycINFO, Embase, Scopus, and CINAHL. The search covered all relevant literature published between the time each database was constructed and April 3, 2025. We developed search strategies using both subject headings and free-text terms for delirium and PTSD. Detailed search strategies are provided in Supplementary Material.




2.2 Inclusion and exclusion criteria



2.2.1 Inclusion criteria

(1)Delirium diagnosis must be established using validated assessment tools (e.g., CAM or ICDSC), meet standardized diagnostic criteria as outlined in the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the International Classification of Diseases (ICD), or be extracted from a case using a qualified professional’s methodology.

(2)The diagnosis of PTSD is based on clinically validated standardized assessment tools, such as diagnostic criteria based on the DSM, reference to the ICD diagnostic criteria, or reliability-tested structured clinical interview tools (e.g., CAPS-5) and symptom rating scales (e.g., PCL-5 or IES-R).

(3) Only prospective or retrospective observational analyses were included.

(4) Articles must be published in English.

(5) Articles must be of moderate or high quality, which is assessed through the Nottingham Ottawa Scale.




2.2.2 Exclusion criteria

(1) Studies for which the full text was not available, the raw data were incomplete, or not reported.

(2) Non-observational studies and review articles.

(3) Oral reports, case reports, newspaper and meeting abstracts.





2.3 Literature selection

After using Endnote 21 document management software to remove duplicates of the literature found through the search, two researchers independently conducted a preliminary screening of the remaining literature’s titles and abstracts. Those that did not fit the inclusion criteria were immediately eliminated. The full-text material that satisfied the criteria was then examined by two researchers, and any disagreements that surfaced throughout the screening process were settled by discussion or third-party negotiation.




2.4 Data extraction and quality evaluation

Two researchers conducted full-text data extraction following the completion of the literature screening. The data extracted included the first author, year of publication, study locations, study population, age, sample size, gender ratio, duration of follow-up, delirium and PTSD assessment tools, and assessment details. Odds ratios (OR) with 95% confidence intervals (CI) and other effect sizes quantifying the relationship between delirium and PTSD were also extracted, using only data from the last follow-up point.

This study used the Nottingham Ottawa Scale (NOS) (9) to evaluate the quality of the included studies. The NOS evaluates studies based on three domains: research subject selection, between-group comparability, and outcome measurements. The scale rating criteria state that the total score ranges from 0 to 9, where 5–6 indicates research of moderate quality and 7–9 indicates studies of high quality. To ensure the reliability of the analysis results, only medium-quality and high-quality literature with a score of ≥5 was selected for inclusion in the final analysis of this study.




2.5 Data synthesis and analysis

This study describes in detail the design features, methodological quality, and results of each study through a narrative synthesis and structured tables. Depending on the type of data distribution, mean ± SD or median (IQR) was selected to report continuous variables. Dichotomous variables were reported as counts and percentages (%). During the effect size data extraction phase, we collected both adjusted and unadjusted ORs and their 95% CIs, as well as the raw data used to calculate the ORs and 95% CIs. Based on this, we used the Mantel-Haenszel method to combine and weight the adjusted ORs and unadjusted ORs separately to assess the strength of the association between exposure and outcome before and after controlling for confounding factors. If the combined OR value is greater than 1, it indicates that the risk of event occurrence in the exposed group is higher than that in the control group, suggesting that the exposure factor may be a risk factor. Conversely, if the OR value is less than 1, it suggests that the exposure factor may be a protective factor. For risk estimate measures such as OR, Ferguson (10) proposed the following interpretation criteria: OR≥2.0 is considered the recommended minimum effect size (RMPE), ≥3.0 indicates a moderate effect, and≥4.0 signifies a strong effect. However, given that the statistical properties of OR are not anchored to r, caution should be exercised when interpreting these values.

For articles where the raw data are reported as median(IQR), the data are first monitored for deviations from normality (11). If the normality test shows that the data are not significantly skewed, the sample mean and standard deviation can be estimated according to the best statistical methods recommended by the existing literature (12, 13). The standardized mean difference (SMD) was used as the effect size. SMD > 0 indicates that the average outcome in the exposed group is higher than that in the control group, while SMD < 0 indicates that the average outcome in the exposed group is lower than that in the control group. For between-group effect sizes, Ferguson (10) recommends the following interpretation criteria: 0.41 represents RMPE, 1.15 corresponds to a moderate effect, and 2.70 corresponds to a large effect. Heterogeneity was assessed using the Cochrane Q-test and the I²statistic. Based on conventional thresholds (14) (low heterogeneity for I²≤30%, moderate for 30% < I²≤50%, and high for I²> 50%), a fixed effects model was chosen if the Q-test p-value>0.1 and I²<50%; if not, a random effects model was employed.

The influence of individual articles on the total effect size was first evaluated via sensitivity analysis to investigate possible causes of heterogeneity. Then, the origins of heterogeneity were investigated using subgroup analyses depending on important variables such as the kind of study design, the instruments used for evaluation, and the length of follow-up. When ten or more articles were included, publication bias was evaluated using Egger’s test and visual inspection of funnel plots; however, because statistical tests were not always as effective when fewer than ten studies were included, quantitative bias analysis was not carried out.






3 Results



3.1 Selected research

Figure 1 outlines the complete literature search process. The initial search resulted in a total of 2403 documents, with 1170 remaining after de-duplication. 1092 articles that did not meet the inclusion criteria were excluded by title and abstract screening. The remaining 78 articles were then assessed in full text, and 67 articles were excluded due to incompatible relevant data, study design, and study content. Ultimately, 11 articles were included in this study. The inter-rater reliability of the literature screening process was good, with a Cohen’s Kappa value of 0.76 (p < 0.001).

[image: Flowchart illustrating study selection for a review, showing identification via six databases, removal of 1,233 duplicates, screening of 1,170 records, and exclusion stages leading to 11 studies included in the final review.]
Figure 1 | The process of literature screening.




3.2 Characteristics of included studies

Table 1 summarizes the basic characteristics of the included studies. A total of 11 articles involving 2533 study participants were included in this study. Geographically, two of the studies were from the Americas, two from Asia, one from Australia, and six from Europe. Eight studies involved intensive care unit patients, two involved geriatric populations, and one involved patients following hematopoietic cell transplant.


Table 1 | Study characteristics.
	Study year
	Site
	Participants
	Assessment tools
	Follow-up period


	Age (m ± SD)
	Sample size n (ND/D)
	Sex, male n(%)
	Research population
	Delirium
	PTSD



	Basinski 2010 (15)
	America
	NA
	52(29/23)
	29 (55.8%)
	HCT
	DRS
	PTS
	1 year


	Slor 2013 (16)
	Netherlands
	83.3 ± 5.7
	53(30/23)
	12 (22.6%)
	Elderly Hip Fractures
	CAM
	PTSS-10
	3 months


	Drews 2015 (17)
	German
	NA
	559(482/77)
	304 (54.4%)
	Elderly
	CAM
	PTSS-14
	3 months


	Svenningsen 2015 (18)
	Denmark
	62 (40–78)d
	299(138/161)
	166 (56%)
	ICU
	CAM-ICU
	HTQ
	6 months


	Wolters 2016 (19)
	Netherlands
	57.69 ± 16.33a
	567(270/297)
	334 (59%)
	ICU
	CAM-ICU
	IES-15
	1 year


	Battle 2017 (20)
	Britain
	64 (53–73)b
	198(163/35)
	92 (46%)
	ICU
	Medical record acquisition
	UK-PTSS-14
	3 months


	Bulic 2020 (21)
	Australia
	60 ± 16
	103(66/37)
	53 (52%)
	ICU
	CAM-ICU
	IES-R
	1 year


	Miyamoto 2021 (7)
	Japan
	72 (61–81)b
	204(143/61)
	121 (59%)
	ICU
	CAM-ICU
	IES-R
	1 year


	Rocha 2023 (22)
	Brazil
	53 ± 17
	65(56/9)
	40 (62%)
	ICU
	CAM-ICU
	IES-6
	4 months


	Friberg 2024 (23)
	Norway
	61 (50–70)b
	273(242/31)
	175 (64.1%)
	ICU
	CAM-ICU
	IES-R
	3 months


	Su 2024 (8)
	China
	52 (45–61)b
	160(80/80)
	96 (60.0%)
	ICU
	CAM-ICU
	IES-R
	3 months





NA, Unavailable; ND, No delirium; D, Delirium; HCT, Hematopoietic Cell Transplant; DRS, the Delirium Rating Scale; PTS, The Post Traumatic Stress scale; CAM, Confusion Assessment Method; PTSS-10, The Post-Traumatic Stress Syndrome Scale-10; CAM-ICU, The Confusion Assessment Method for the ICU; HTQ, The Harvard Trauma Questionnaire; IES-15, the Impact of Event Scale 15 item version; UK-PTSS-14, the UK-Post-Traumatic Stress Syndrome 14-Questions Inventory; IES-R, Impact of events scale-revised; IES-6, the Impact of Event Scale-6.

arepresents the combined calculation result.

brepresents median (interquartile spacing).

drepresents median (10; 90 percentile).



Four principal methods were employed for delirium diagnosis across studies. While multiple instruments were available, the Confusion Assessment Method (CAM; n=2) and its intensive care-adapted version (CAM-ICU; n=7) emerged as the most frequently utilized tools. For PTSD assessment, five validated scales were implemented: the PTSD Symptom Scale (PTS; n=1), Harvard Trauma Questionnaire (HTQ; n=1), PTSD Symptom Scale series (PTSS; n=3), and Impact of Event Scale series (IES; n=6). Notably, four studies adopted the IES-R (Impact of Event Scale-Revised), which quantifies symptom severity on a 0–88 continuum, with higher scores indicating greater distress. However, diagnostic thresholds varied significantly across studies: Bulic 2020 >37, Miyamoto (7) used ≥25, Friberg (23) ≥33, and Su (8) ≥35 points. Most studies evaluated PTSD symptoms at either 3-month (n=5) or 12-month (n=4) post-discharge intervals. The results of the included studies are presented in the Supplementary Material.




3.3 Quality assessments

As shown in Table 2, the methodological quality of all included studies was moderate to high. The absolute consistency intraclass correlation coefficient (ICC) was calculated using a two-way random effects model to assess the consistency between two reviewers on the total score of the NOS. The analysis results showed good inter-rater consistency, with a single measurement ICC value of 0.82 (95% CI: 0.48–0.95), and this was statistically significant (p < 0.001). However, the study also had some methodological limitations. Regarding participant selection (Q4), most articles (n=9) did not specify whether patients with mental disorders were included or whether patients with PTSD at baseline were excluded. Eight studies were deemed to have insufficient follow-up because they either had a dropout rate exceeding 20% or did not compare key characteristics between dropouts and non-dropouts.


Table 2 | NOS scores for included studies.
	Study year
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Scores



	Basinski 2010 (15)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	N
	7


	Slor 2013 (16)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	N
	7


	Drews 2015 (17)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	N
	7


	Svenningsen 2015 (18)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	8


	Wolters 2016 (19)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	N
	7


	Battle 2017 (20)
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y
	U
	6


	Bulic 2020 (21)
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N
	7


	Miyamoto 2021 (7)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	N
	7


	Rocha 2023 (22)
	Y
	Y
	Y
	U
	Y
	N
	Y
	Y
	N
	6


	Friberg 2024 (23)
	Y
	Y
	Y
	U
	Y
	N
	Y
	Y
	Y
	7


	Su 2024 (8)
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y
	8





Q1 Representativeness of the exposed cohort.

Q2 Selection of the non-exposed cohort.

Q3 Ascertainment of exposure.

Q4 Demonstration that outcome of interest was not present at start of study.

Q5 Study controls for _(select the most important factor).

Q6 Study controls for any additional factor.

Q7 Assessment of outcome.

Q8 Was follow-up long enough for outcomes to occur.

Q9 Adequacy of follow-up of cohorts.

Y, Yes; N, No; U, Unclear.






3.4 Meta-analysis



3.4.1 Meta-analysis related to PTSD based on unadjusted OR values

Meta-analysis of ORs from eight included studies revealed a pooled OR of 1.69 (95% CI: 1.30–2.19, p < 0.001), with high heterogeneity (I²= 75.3%, p < 0.001). (See Supplementary Materials for the forest plot.) To assess the robustness of the pooled results, we conducted a sensitivity analysis using the “leave-one-out” method (see Figure 2). The results suggest that the study by Wolters et al. (19) had a substantial impact on both the pooled effect size and the observed heterogeneity. Following its exclusion, heterogeneity decreased to a moderate level (I²= 41.2%, p > 0.1), falling below the conventional threshold of 50%. Given that this study was a pronounced outlier, it was excluded from the final analysis, and the results from the remaining seven studies were taken as the basis. Analysis of the seven studies retained after exclusion yielded a pooled OR of 3.31 (95% CI: 2.21–4.97), which was statistically significant (Z = 5.802, p < 0.001). These results indicate that patients with delirium have a significantly higher risk of developing PTSD compared to those without delirium (see Figure 3). Less than 10 studies were included in all meta-analyses, which would not be enough to test power; hence, publication bias was not evaluated (24).

[image: Forest plot graphic displays meta-analysis sensitivity estimates for studies from Svenningsen 2015 to Su 2024, showing confidence intervals and estimate points; Battle 2017 has a notably wide confidence interval compared to others.]
Figure 2 | Sensitivity analysis (unadjusted odds ratio).

[image: Forest plot displaying odds ratios with ninety-five percent confidence intervals for seven studies with weights shown. The overall pooled odds ratio is three point three one with confidence interval two point two one to four point nine seven, and heterogeneity I-squared is forty-one point two percent, p equals zero point one one six.]
Figure 3 | Forest plot of unadjusted odds ratios (n=7).

Subgroup analyses based on different PTSD assessment tools revealed statistically significant differences between groups (p = 0.027), suggesting that assessment tools may be a major source of heterogeneity across studies (see Figure 4). However, the UK-PTSS-14, HTQ, and IES-6 subgroups each contained only a single study, and their results were associated with considerable uncertainty(wide confidence intervals encompassing non-significant values). Therefore, no reliable conclusions can be drawn regarding the associations under these specific assessment tools. In contrast, the IES-R subgroup provided more robust evidence. This subgroup comprised four studies and exhibited no heterogeneity (I² = 0.0%, p > 0.1). The pooled analysis demonstrated a significant association between delirium and an increased risk of PTSD (OR = 2.80, 95% CI: 1.66–4.71; z = 3.862, p < 0.001), indicating that the risk of developing PTSD was approximately 2.8 times higher in patients with delirium than in those without, among studies using the IES-R scale.

[image: Forest plot comparing odds ratios with 95% confidence intervals for post-traumatic stress outcome scales across five studies, grouped by scale (HTQ, UK-PTSS-14, IES-R, IES-6), with summary diamonds and weights displayed.]
Figure 4 | Forest plot of subgroup analyses grouped by PTSD assessment tool.




3.4.2 Meta-analysis related to PTSD based on adjusted OR values

Meta-analysis of four studies reporting adjusted ORs was performed using a random-effects model. The pooled analysis yielded a combined adjusted OR of 3.96 (95% CI: 1.85–8.50), which was statistically significant (p < 0.001). The results indicate that, after adjusting for potential confounding factors, patients with delirium had a 3.96-fold increased risk of developing PTSD compared to those without delirium (see Figure 5). The heterogeneity reached a moderate level (I² = 51.8%), so we employed a random-effects model for pooling. To assess the robustness of the pooled results, we conducted a sensitivity analysis (see Supplementary Materials). The results indicate that sequentially excluding individual studies did not alter the direction of the pooled effect estimate, and the 95% confidence intervals largely overlapped with those of the original analysis. This suggests that the primary findings of the study are robust and reliable.

[image: Forest plot graphic presenting a meta-analysis of four studies, each showing odds ratios (OR) with 95% confidence intervals and weights. The overall pooled OR is 3.96 (1.85, 8.50) with heterogeneity I-squared 51.8 percent, p equals 0.101.]
Figure 5 | Forest plot of adjusted odds ratios (n=4).




3.4.3 Meta-analysis related to PTSD based on continuous variables

Among the six studies comparing PTSD scores between delirium and non-delirium groups, four reported median values. Normality tests (skewness assessment) identified non-parametric distributions in two datasets, resulting in the exclusion of two studies, Svenningsen 2015 and Su 2024. The final analysis included four studies, whose data were converted for pooling (see Supplementary Materials for details of the converted values). Using a fixed-effects model, the pooled analysis revealed no between-study heterogeneity (I² = 0%, p>0.1). Sensitivity analysis (leave-one-out method) results showed that the combined results were robust, with no significant outliers identified (see Supplementary Materials for figures). As shown in Figure 6, delirium patients exhibited significantly higher PTSD symptom scores than non-delirium patients (SMD = 0.50, 95% CI: 0.22–0.78; Z = 3.459, p<0.001).

[image: Forest plot illustrating meta-analysis results from four studies: Basinski 2010, Slor 2013, Bulic 2020, and Miyamoto 2021, each showing effect sizes, 95 percent confidence intervals, and study weights; the pooled overall effect is 0.50 (0.22, 0.78) with I squared equals 0.0 percent and p equals 0.693.]
Figure 6 | Forest plot of continuous variables (n=4).






4 Discussions

To the best of our knowledge, this study constitutes this is the first systematic review and meta-analysis to investigate the prevalence of PTSD among patients with delirium. The meta-analysis found a significant association between delirium and PTSD. A meta-analysis of unadjusted ORs demonstrated that patients with delirium exhibited a significantly higher risk of developing PTSD compared to non-delirium controls (OR = 3.31, 95% CI [2.21–4.97]). After adjusting for potential confounders, pooled results based on adjusted ORs continued to indicate a significant association between delirium and increased PTSD risk (OR = 3.96, 95% CI [1.85–8.50]). The continuous variable meta-analysis revealed significantly greater PTSD symptom severity in delirium patients compared to controls, with a standardized mean difference of 0.50 (SMD = 0.50, 95% CI [0.22–0.78]).

To ensure the reliability of the pooled results, we excluded Wolters 2016 from the sensitivity analysis due to its disproportionate influence on heterogeneity and the pooled effect size. After excluding this study, heterogeneity decreased significantly (I²from 75.3% to 41.2%), while the direction and statistical significance of the pooled effect size remained unchanged. However, the preliminary assessment did not identify any significant differences between this study and others in terms of patient population, intervention measures, or outcome measurements. Based on this, we speculate that this anomalous result may be due to unmeasured or unreported confounding factors. Alternatively, it could be attributable to chance effects, such as sampling error, thus introducing bias that does not reflect true inter-study differences.

The precise mechanism of action between delirium and PTSD remains unclear. However, existing evidence indicates that the two conditions may be related through multilevel pathophysiological pathways, primarily involving limbic system dysfunction, hypothalamic-pituitary-adrenal (HPA) axis dysregulation, and disruption of neurotransmitters. First, delirium is associated with dysregulation of neurotransmitter systems, including dopamine, acetylcholine, and γ-aminobutyric acid (GABA) (25). Such neurochemical disturbances lead to neuronal instability. Second, both conditions are profoundly linked to dysfunction of the HPA axis. Patients who exhibit delirium symptoms frequently also have hyperactivation of the HPA axis, which results in abnormally high cortisol levels (26, 27). PTSD is characterized by hypocortisolism, manifesting as a distinct ‘low cortisol-high reactivity’ neuroendocrine profile (28, 29). This phenomenon may result from impaired negative feedback regulation of the HPA axis. This impairment follows glucocorticoid depletion induced by chronic stress and leads to a lowered response threshold, consequently causing hypersensitization to stress stimuli (2, 30). Lastly, both have the neurobiological characteristics of the amygdala’s heightened reactivity and the hippocampus’s sensitivity. These abnormalities in limbic system functioning can result in maladaptive consolidation of traumatic memories and poor emotion control (2, 25, 31).

This meta-analysis involved four different PTSD assessment tools. Subgroup analysis based on the assessment tool revealed statistically significant between-group differences (p = 0.027), suggesting that the type of instrument used is a potential source of heterogeneity. However, except for the IES-R subscale, which combined multiple studies, each of the remaining subgroups included only one study, resulting in considerable uncertainty in their findings. Therefore, conclusions drawn from this subgroup analysis should be interpreted with caution and require further validation in future research. The IES-R is the most commonly used tool for assessing PTSD in this study, and this scale is widely applied across diverse populations who have experienced acute traumatic events (32). A prospective study by Schütte et al. (33) provides evidence that the IES-R is a suitable scale for predicting the development of stress symptoms and PTSD following acute psychological trauma. However, differences in study design may lead to variations in the implementation of assessment tools, such as differences in scale structures or cutoff scores (34). For example, the studies included in our analysis used different cutoff values for the IES-R (e.g., 25, 33, and 35), a practice that could introduce fluctuations in PTSD scoring outcomes. Although assessment tools of different types vary in format and structure, they consistently capture the core symptoms of PTSD (e.g., post-traumatic experiences, avoidance behaviors, and negative cognitive changes) (34).

The included studies were centered on the ICU patient, according to the findings of this systematic review. Patients in intensive care units have distinct clinical traits. ICU patients may be particularly prone to delirium due to the severity of their illness, multimorbidity burden, mechanical ventilation, the use of sedatives and analgesics, and the psychologically stressful environment of the intensive care unit (35, 36). Research data show that the incidence of ICU delirium is as high as 70%-87%, which is significantly greater than the rate for patients in normal wards (2). Second, because of potentially traumatic elements like the severity of the disease, invasive procedures, anesthesia, worries about the disease’s prognosis, dread of dying, or witnessing another patient die, intensive care unit patients are frequently more likely to experience PTSD during treatment (37). According to the evidence currently available, PTSD can occur up to 3-4.3 times more frequently in post-ICU treatment survivors than in the general hospitalized population (38, 39). This observation prompts inquiry into whether the elevated prevalence of PTSD among ICU patients is mediated by delirium as an intermediary variable, or stems from the independent direct effects attributable to the ICU environment itself. Future prospective multicenter cohort studies can control for ICU variables to examine the relationship between delirium and PTSD.

We must recognize several limitations of our meta-analysis. Methodologically, our exclusive use of ORs and SMD as effect measures ensured analytical consistency but concomitantly constrained the pool of eligible studies for meta-analysis, potentially compromising the external validity and generalizability of our findings. Second, although this study pooled both unadjusted and adjusted ORs to mitigate confounding bias, only four studies provided adjusted estimates. Consequently, the reliability and generalizability of the findings are constrained. The interpretation of these results should therefore be cautious, and future studies should report multivariate-adjusted effect sizes to strengthen the evidence for this association. Third, this study only included academic articles published in English, which may result in language bias. Finally, even though this study identified a significant association between delirium and PTSD, the current evidence base is still lacking because only 11 studies were included, which may have an impact on the validity of the results.




5 Conclusion

Our meta-analysis reveals a potential association between delirium and PTSD, with the available evidence suggesting that delirium may be a risk factor for subsequent PTSD development. However, given the methodological limitations of the included studies, these findings should be interpreted with caution and require further validation through rigorously designed, high-quality studies with standardized methodologies. Given the severe impact of PTSD on patients’ long-term quality of life and social functioning, the inclusion of delirium prevention and management in the mental health intervention system has important public health implications. On the other hand, the neurobiological mechanisms via which delirium results in PTSD remain poorly understood. Future research could examine how trauma memories and delirium-related neuroinflammatory responses interact, as well as the particular correlations between various delirium subtypes (such as hyperactive/hypoactive/mixed) and the symptoms of post-traumatic stress disorder.
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Objective

To validate the psychometric properties of the Swanson, Nolan, and Pelham Rating Scale (SNAP-IV) in amblyopic children at high AD/HD risk and establish its clinical utility for comorbid AD/HD screening.





Methods

This cross-sectional study utilized baseline data from the China Amblyopia Behavioral Cohort (CABC), which comprises 465 amblyopic children (aged 4–17 years). The reliability of the SNAP-IV was comprehensively assessed using Cronbach’s alpha and the split-half coefficient. The validity of the SNAP-IV was evaluated using criterion validity with the Conners’ parent rating scale (CPRS) and construct validity via confirmatory factor analysis (CFA). The measurement invariance of the SNAP-IV across gender and age groups was also investigated.





Results

The SNAP-IV demonstrated exceptional internal consistency (Cronbach’s α = 0.965 [95% CI: 0.958–0.972], split-half coefficient = 0.891) and strong criterion validity with the CPRS domains, particularly with respect to the oppositional factor of the SNAP-IV scale, which showed the highest correlation with the conduct problem factor of the Conners’ Parent Rating Scale (CPRS) (rs = 0.837, 95% CI: 0.807–0.863, p<0.001, large effect). The findings indicated a substantial correlation between inattention and learning problems (rs = 0.808, 95% CI: 0.767–0.834, p<0.001, large effect) and conduct problems (rs = 0.719, 95% CI: 0.675–0.765, p<0.001, large effect). Confirmatory factor analysis confirmed a three-factor structure (inattention, hyperactivity/impulsivity, oppositional) with robust fit indices (χ²/(291) = 1033.4, χ²/df = 3.551, RMSEA=0.074, CFI=0.92, IFI=0.92), with full measurement invariance confirmed across gender and age groups.





Conclusions

This study constitutes the first systematic validation of the SNAP-IV in amblyopic children, thereby establishing its robustness for AD/HD screening in visually impaired populations. The scale’s standardized application has the potential to enhance the screening of early AD/HD-amblyopia comorbidity and the development of multidisciplinary intervention strategies for integrating visual and behavioral rehabilitation.





Keywords: SNAP-IV, validation, reliability, amblyopia, AD/HD, children





Introduction

Attention Deficit/Hyper Activity (AD/HD), a neurodevelopmental disorder characterized by inattention, hyperactivity, and impulsivity (1), has a global prevalence of approximately 4.8% in children (2), and an estimated prevalence of 9.8% in the United States (3, 4). Its persistence into adulthood (2) and profound impacts on cognitive, behavioral, and psychosocial functioning (5, 6) underscore the urgency of early identification and intervention. Emerging evidence reveals a notable comorbidity between amblyopia and AD/HD. The prevalence of amblyopia among children has been documented to be approximately 2.0% in South Korea (7),1.09% (95% CI: 0.86–1.35%) in central–southern China (8), and 0.99% in Taiwan, China (9). With respect to comorbidity risk, children diagnosed with amblyopia present a 68.7% increased risk of developing AD/HD (OR=1.687, 95% CI: 1.444–1.970) in the Republic of Korea (7), and a 1.81-fold elevated risk in Taiwan, China (HR=1.81, 95% CI: 1.59–2.06) (10). However, AD/HD patients present an 89% higher prevalence of amblyopia (OR=1.89, 95% CI: 1.76–2.05) (11). Given that amblyopia, a visual developmental disorder affecting 1.44% of preschoolers globally (12), shares pathophysiological mechanisms with AD/HD—such as striatal and subcortical neuronal dysfunction affecting executive attention and multisensory integration (13–16)—the co-occurrence of these disorders creates substantial clinical and economic burdens (17–19).

Despite these intersections, contemporary behavioral evaluations for AD/HD (e.g., the Conners’ Parent Rating Scale [CPRS] (20) and the Child Behavior Checklist [CBCL] (21)) lack specificity for populations affected by amblyopia (22). Furthermore, three significant limitations pertaining to the current validation of the SNAP-IV exist: (1) Methodological constraints: Previous studies have systematically excluded cohorts with visual impairments, notwithstanding the evidence that visual deficits can significantly modify behavioral phenotypes (e.g., irritability induced by visual fatigue) (23); (2) Cultural–theoretical deficiencies: The adaptation of the SNAP-IV for Chinese populations (24) remains unvalidated within sensory-impaired groups, prompting concerns regarding its generalizability; and (3) Clinical diagnostic complications: the attention dysfunction associated with amblyopia frequently overlaps with symptoms of visual impairment, resulting in diagnostic misattribution (17). These limitations pose a threat to timely identification and effective intervention strategies for AD/HD linked to amblyopia.

To address these gaps, this study conducted a systematic psychometric evaluation of the Chinese SNAP-IV in 465 amblyopic children (aged 4–17 years) from the China Amblyopia Behavioral Cohort (CABC). Utilizing a multidimensional validation framework, the present study examines internal consistency (Cronbach’s α), structural validity via confirmatory factor analysis (CFA), and measurement invariance across gender and age groups.

By establishing the reliability and validity of the SNAP-IV in this understudied population, our study aims to 1) provide evidence-based guidelines for integrating the SNAP-IV into amblyopia-associated AD/HD screening protocols, 2) increase diagnostic precision by clarifying behavioral manifestations related to visual impairment, and 3) reduce healthcare costs through early identification and multidisciplinary interventions. The present research addresses a critical methodological void (24–28) and offers a translational solution to improve behavioral health outcomes in visually impaired children.





Methods




Participants

This study recruited 465 amblyopic children aged 4–17 years from the China Amblyopia Behavioral Cohort (CABC), a multicenter initiative conducted between April 2024 and May 2026 across Guangxi, Guangdong, and Sichuan Provinces. The sample size was determined via an empirical approach (29), calculating 5–10 times the number of items in the SNAP-IV scale (26 items), yielding a minimum target of 130–260 participants.

The inclusion criteria for the study participants were as follows: The subject met the diagnostic criteria for amblyopia of the Chinese Medical Association Ophthalmology Branch (30), including anisometropic amblyopia (binocular spherical anisometropia ≥ 1.5D or cylindrical anisometropia ≥ 1.0D), ametropia amblyopia (binocular equivalent spherical anisometropia < 0.75D), and strabismic amblyopia; In addition, the subject had no other eye diseases or related systemic diseases; and no history of eye surgery. The exclusion criteria were as follows: The subject was found to be (1) unable to cooperate with the examination and (2) had other diseases that may affect the development of the central nervous system.

The severity classification criteria for amblyopia were as follows: (1) mild-to-moderate amblyopia, with best-corrected visual acuity (BCVA) lower than the age-specific normal value but ≤ 0.6 logMAR; and (2) severe amblyopia, with BCVA > 0.6 logMAR.

This study received ethical approval from the Ethics Committee of the Guangxi Zhuang Autonomous Region People’s Hospital (Approval No. KY-KJT-2023-285) and complied with the principles of the Declaration of Helsinki. Written informed consent was obtained from all participants and their guardians.





Measures




Demographic data

The demographic data of the participants was collected via questionnaires, encompassing age, gender, parental education level, maternal smoking/alcohol history, family history of amblyopia, family history of myopia, and birth weight of amblyopic children, were collected through questionnaires.





Clinical data

The clinical data of the patients were collected through a comprehensive eye examination, including an assessment of visual acuity, a fundus examination, and an ocular alignment evaluation. At the initial visit, retinoscopy was performed using 1% atropine sulfate-induced ciliary muscle paralysis, and BCVA was converted to the logarithm of the minimum angle of resolution (LogMAR).





Behavioral questionnaires

The questionnaires were conducted through via the Questionnaire Star platform, with parents completing them under the guidance of professionals. The researchers then proceeded to review and process the collected questionnaires, identifying and addressing missing or anomalous values and removing invalid responses.

The SNAP-IV Rating Scale is comprised of 26 items (31, 32), which constitute three factors: inattention (9 items), hyperactivity/impulsivity (9 items), and oppositional (8 items). The 4-point Likert scale ranges from 0 (none) to 3 (extremely severe) (24) and is suitable for children aged 6–18 years. Although the SNAP-IV/CPRS are normed for children ages 6–18 years, prior adaptations have demonstrated adequate validity and reliability in younger children (aged 4–5 years) via parental reports (28, 33).

The conners parent rating scale (CPRS) used in the study is the 48-item version (34). The CPRS includes five subscales: conduct problem, learning problem, psychosomatic, hyperactivity/impulsivity, and anxiety. The scale utilized is a parallel 4-point rating scale, ranging from 0 to 3. This CPRS version was selected as the criterion measure for validating the SNAP-IV, primarily because of its extensive validation and establishment of normative data in Chinese populations, ensuring cultural appropriateness. The 48-item CPRS is a well-validated and optimal benchmark specifically for establishing criterion validity in this initial study, given its strong conceptual overlap with the SNAP-IV and proven utility in comparable Chinese research.






Statistical analyzes

The data were analyzed via IBM SPSS Statistics 28.0 and AMOS 26.0. Normality was assessed via the Shapiro–Wilk test. Descriptive statistics (mean ± SDs) were used for normally distributed data; medians and interquartile ranges (IQR) were used for skewed data. Categorical variables are reported as frequencies/percentages (n, %). All the statistical tests were two-tailed, and a p-value < 0.05 was considered statistically significant. For comparisons involving multiple groups, Bonferroni-adjusted post hoc tests were applied to control for Type I error. To comprehensively convey the magnitude and precision of the findings, 95% confidence intervals (CIs) and specific effect sizes were reported for all key results. The specific effect size metrics used for each type of statistical test were listed as follow and were interpreted according to conventional thresholds.




Group comparisons

For demographic and clinical characteristics, Cramer’s V (phi (φ) coefficients or V) were used for chi-square tests, with interpretations as small (0.1), medium (0.3), or large (0.5); for non-normally distributed continuous variables, the effect size rank-biserial correlation (rrβ) was calculated alongside Mann-Whitney U tests, interpreted similarly to Cohen’s guidelines (small: 0.1, medium: 0.3, large: 0.5); and for parametric tests, Cohen’s d or η² were reported as appropriate.





Item analysis

Spearman’s rank correlation coefficients (rs) were calculated between items and factors, with the correlation coefficient (rs) itself interpreted as the effect size, reported with 95% confidence intervals (CI), where r values indicate effect size (small: 0.1-0.3, medium: 0.3-0.5, large: >0.5). Acceptable item–factor correlations were defined as those that were ≥ 0.40 (marginally acceptable) (35).





Reliability assessment

Cronbach’s α coefficient and split-half coefficients were used to evaluate the internal consistency of the scale and its factors. Which served as the primary reliability indices. A Cronbach’s α coefficient ≥ 0.70 was considered acceptable (36).





Validity evaluation

Criterion-related validity was analyzed via Spearman’s correlation analysis to examine the correlation between the SNAP-IV rating scale and each factor of the CPRS dimensions. The correlation coefficient (rs) and 95%CI was interpreted as the effect size. Structural validity was assessed via confirmatory factor analysis (CFA). The commonly used fit evaluation indicators are as follows: 1) χ²/df < 5.0 is an acceptable model; 2) Comparative Fit Index (CFI) and Incremental Fit Index (IFI) > 0.90 are acceptable standards; 3) Root Mean Square Error of Approximation (RMSEA) and Root Mean Square Residual (RMR) < 0.08 are acceptable standards. These fit indices serve as effect size measures for model adequacy. Convergent validity was supported by standardized factor loadings (λ) values > 0.50, composite reliability (CR) > 0.70 and average variance extracted (AVE) > 0.50 are ideal values (36–38). Discriminant validity was assessed using the Fornell-Larcker criterion by comparing the square root of the AVE for each factor with the inter-factor correlations. Additionally, the Maximum Shared Variance (MSV) and the Average Shared Variance (ASV) were calculated. Strong discriminant validity is indicated when the AVE for each construct is greater than its MSV, and simultaneously greater than its ASV.





Measurement invariance

Multigroup CFA was used to evaluate measurement invariance across gender and age. Invariance was tested by sequentially constraining the factor loadings (metric), intercepts (scalar), and residuals (strict) to be equal across groups. Invariance was supported if the change in fit indices between nested models met the following criteria: ΔCFI was < 0.01 and ΔRMSEA < 0.015 (39). These difference indices are the critical effect sizes for evaluating measurement invariance.







Results




Demographics and clinical characteristics of amblyopic children

A total of 465 amblyopic children (99.1% valid questionnaires) participated in this study, and their demographics and clinical features are summarized in Table 1. The sample had a mean age of 6.28 ± 1.87 years, with 67.96% of subjects being aged ≤ 6 years and 51.0% being boys. Amblyopia severity was predominantly mild-to-moderate (94.6%), with refractive amblyopia being the most prevalent subtype (63.6%). Stratified analyses (Supplementary Table S1) revealed no significant gender- or age-related differences in amblyopia severity (all p > 0.05, φ = 0.005–0.041, indicating negligible effects). However, severe amblyopia was associated with poorer BCVA in the worse eye (U=0, p<0.001, rrβ = 0.398, medium effect) and was more prevalent in the anisometropic and strabismic subtypes (χ² = 17.2, p<0.001, Cramér’s V=0.192, small effect). Maternal smoking/alcohol history was low (< 5%), and 58.4% of the caregivers had a college-level education or higher. These results indicate that the sample was representative of typical clinical amblyopia populations.


Table 1 | Demographic and clinical characteristics.
	Characteristics
	Total (N=465)



	Gender (n (%))


	 Boy
	237 (51.0)


	 Girl
	228 (49.0)


	Age (years) (n (%))


	 ≤6
	316 (67.96)


	 >6
	149 (32.04)


	Family history of amblyopia (n (%))


	 Yes
	30 (6.5)


	 No
	435 (93.5)


	Family history of myopia (n (%))


	 Yes
	87 (18.7)


	 No
	378 (81.3)


	Parental education (n (%))


	 Middle school
	103 (22.2)


	 High school
	90 (19.4)


	 College or above
	272 (58.4)


	Mother’s smoking history (n (%))


	 Yes
	9 (1.94)


	 No
	456 (98.06)


	Mother’s history of alcohol consumption (n (%))


	 Yes
	38 (8.17)


	 No
	427 (91.83)


	Child’s birth weight (n (%))


	 ≤2500 g
	69 (14.8)


	 2500~4000 g
	376 (80.9)


	 ≥4000 g
	20 (4.3)


	Types of amblyopia (n (%))


	 Ametropic amblyopia
	296 (63.6)


	 Anisometropic amblyopia
	144 (31.0)


	 Strabismic amblyopia
	25 (5.4)


	Severity of amblyopia (n (%))


	 Mild to moderate
	440 (94.6)


	 Severe
	25 (5.4)


	BCVA (Median (P25, P75))


	 Better eye
	0.2 (0.1,0.3)


	 Worse eye
	0.3 (0.2,0.4)


	Subscales (Median (P25, P75))


	 Inattention
	0.67 (0.22,1.0)


	 Hyperactivity/Impulsivity
	0.67 (0.22,1.0)


	 Oppositional
	0.625 (0.125,1.0)











Item analysis and factor correlations of the SNAP-IV

As shown in Table 2, all the factors were significantly positively correlated after Bonferroni correction (p < 0.001), with correlations ranging from moderate to strong (rs = 0.724–0.923, large effect). The factor–total correlations (rs = 0.887–0.923, large effect) were consistently greater than the correlations between factors (rs = 0.724–0.768, large effect), supporting strong internal consistency. The strongest link was observed between inattention and hyperactivity/impulsivity (rs = 0.768, 95% CI: 0.715–0.795, large effect), followed by moderate associations between inattention and oppositional behavior (rs = 0.724, 95% CI: 0.677–0.766, large effect) and between hyperactivity/impulsivity and oppositional behavior (rs = 0.739, 95% CI: 0.693–0.779, large effect). These results confirm the internal homogeneity of each factor and highlight meaningful relationships among core behavioral constructs.


Table 2 | Spearman correlations of the interfactor and factor-total scores.
	Subscales
	Inattention
	Hyperactivity/Impulsivity
	Oppositional



	Inattention
	1.00
	 
	 


	Hyperactivity/Impulsivity
	0.768 (0.715,0.795) ***
	1.00
	 


	Oppositional
	0.724 (0.677,0.766) ***
	0.739 (0.693,0.779) ***
	1.00


	Total
	0.903 (0.885,0.919) ***
	0.923 (0.908,0.936) ***
	0.887 (0.865,0.905) ***





Values are Spearman’s correlation coefficients (rs) with 95% confidence intervals (95% CI) in parentheses.

*p < 0.05; **p < 0.01; ***p < 0.001.







Internal consistency and reliability of the SNAP-IV

As demonstrated in Table 3, the reliability results for the SNAP-IV scale are presented. Cronbach’s α and split-half coefficients are retained as reliability metrics, which inherently reflect effect size-like properties for internal consistency. The Cronbach’s α for the total scale is 0.965 (95% CI: 0.958–0.972), and the Cronbach’s α values of each factor are greater than 0.90. The split-half reliability for the total scale is 0.891, and the individual factor coefficients range from 0.844–0.904. These metrics exceed the conventional psychometric thresholds (α ≥ 0.70), confirming that the SNAP-IV yields stable and reproducible scores in amblyopic children.


Table 3 | Reliability of the SNAP-IV.
	Subscales
	Cronbach’s α
	Split-Half reliability



	Total
	0.965
	0.891


	Inattention
	0.929
	0.904


	Hyperactivity/Impulsivity
	0.925
	0.844


	Oppositional
	0.928
	0.900





p<0.05*, p<0.01**, and p<0.001***.







Criterion-related validity with the CPRS

The correlations with the CPRS revealed strong convergent validity (Table 4). Overall, the oppositional of the SNAP-IV exhibited the strongest associations, particularly with the conduct problem of the CPRS (rs = 0.837, 95% CI: 0.807–0.863, p<0.001, large effect), indicating a close alignment between behavioral measures of oppositionality across the two instruments. Inattention was strongly correlated with both learning problems (rs = 0.808, 95% CI: 0.767–0.834, p<0.001, large effect) and conduct problems (rs = 0.719, 95% CI: 0.675–0.765, p<0.001, large effect), In contrast, correlations between the SNAP-IV subscales and the psychosomatic and anxiety factors of the CPRS were moderate (rs = 0.346–0.478, p < 0.001, medium effects), indicating that these dimensions are less directly related to core ADHD symptom domains but still significantly overlap. Collectively, these results provide robust evidence that the SNAP-IV captures behavioral dimensions that are meaningfully associated with established CPRS constructs.


Table 4 | Spearman correlations of the SNAP-IV and the CPRS.
	Subscales
	Inattention
	Hyperactivity/Impulsivity
	Oppositional



	Conduct problem
	0.719 (0.675,0.765) ***
	0.710 (0.660,0.753) ***
	0.837 (0.807,0.863) ***


	Learning problem
	0.808 (0.767,0.834) ***
	0.676 (0.622,0.724) ***
	0.677 (0.623,0.724) ***


	Psychosomatic
	0.475 (0.389,0.536) ***
	0.423 (0.343,0.497) ***
	0.478 (0.403,0.547) ***


	Impulsivity/Hyperactivity
	0.627 (0.567,0.681) ***
	0.673 (0.618,0.721) ***
	0.696 (0.644,0.741) ***


	Anxiety
	0.450 (0.371,0.520) ***
	0.346 (0.261,0.426) ***
	0.456(0.378,0.527) ***





Values are Spearman’s correlation coefficients (rs) with 95% confidence intervals (95% CI) in parentheses.

*p < 0.05; **p < 0.01; ***p < 0.001.







Confirmatory factor analysis

The initial three-factor model demonstrated suboptimal fit (χ²/(296) = 1225.6, χ²/df = 4.141, p < 0.05, RMSEA=0.082, CFI=0.90, IFI=0.90). Model refinement resulted in indices that met to acceptable levels (χ²/(291) = 1033.4, χ²/df = 3.551, p<0.05, RMSEA=0.074, CFI=0.92, IFI=0.92; Figure 1). The improved fit supports the scale’s structural validity in amblyopic populations.

[image: Structural equation model diagram showing three latent factors—Inattention, Hyperactivity_Impulsivity, and Oppositional—represented as ovals, each connected to corresponding observed variables Q1 to Q26 as rectangles. Each rectangle has an arrow from a latent factor and an error term denoted by small ovals labeled e1 to e26. The latent factors show correlation coefficients between .77 and .85. Factor loadings for each item range from .63 to .85.]
Figure 1 | Standardized path coefficients of the SNAP-IV.





Convergent and discriminant validity

The results of the convergent validity study are presented in Table 5. Standardized factor loadings exceeded 0.5 (λ = 0.619–0.847, indicating large effects), with composite reliability (CR=0.924–0.928) and average variance explained (AVE=0.50–0.57) both meeting psychometric standards. The discriminant validity results in Table 6 show that the correlation coefficients between the factors range from 0.767 to 0.851, with some exceeding the square root of their respective AVEs. The correlation coefficient between inattention and hyperactivity/impulsivity (r =0.851) is greater than the square root value of the AVE (0.769), and the correlation coefficient between hyperactivity/impulsivity and the oppositional factor (r =0.811) is greater than the square root value of the AVE (0.762), indicating that some factors are not independent enough and that the discriminant validity needs to be improved. Furthermore, we now include maximum shared variance (MSV=0.724) and average shared variance (ASV=0.657) as supplemental effect size metrics, confirming moderate-to-high shared variance but acceptable discriminant validity per Fornell-Larcker criterion. These indices collectively suggest that while the factors are robust, discriminant validity between them requires improvement.


Table 5 | Standardized regression coefficients of the SNAP-IV.
	Item
	Estimate
	S.E.
	p
	AVE
	CR



	Q1
	<–––
	Inattention
	0.837
	 
	 
	0.591
	0.928


	Q2
	<–––
	Inattention
	0.841
	0.044
	***
	 
	 


	Q3
	<–––
	Inattention
	0.772
	0.046
	***
	 
	 


	Q4
	<–––
	Inattention
	0.754
	0.041
	***
	 
	 


	Q5
	<–––
	Inattention
	0.740
	0.042
	***
	 
	 


	Q6
	<–––
	Inattention
	0.771
	0.044
	***
	 
	 


	Q7
	<–––
	Inattention
	0.731
	0.048
	***
	 
	 


	Q8
	<–––
	Inattention
	0.790
	0.049
	***
	 
	 


	Q9
	<–––
	Inattention
	0.667
	0.045
	***
	 
	 


	Q10
	<–––
	Hyperactivity/Impulsivity
	0.794
	 
	 
	0.581
	0.925


	Q11
	<–––
	Hyperactivity/Impulsivity
	0.742
	0.043
	***
	 
	 


	Q12
	<–––
	Hyperactivity/Impulsivity
	0.809
	0.052
	***
	 
	 


	Q13
	<–––
	Hyperactivity/Impulsivity
	0.847
	0.047
	***
	 
	 


	Q14
	<–––
	Hyperactivity/Impulsivity
	0.800
	0.057
	***
	 
	 


	Q15
	<–––
	Hyperactivity/Impulsivity
	0.681
	0.058
	***
	 
	 


	Q16
	<–––
	Hyperactivity/Impulsivity
	0.748
	0.050
	***
	 
	 


	Q17
	<–––
	Hyperactivity/Impulsivity
	0.698
	0.040
	***
	 
	 


	Q18
	<–––
	Hyperactivity/Impulsivity
	0.725
	0.047
	***
	 
	 


	Q19
	<–––
	Oppositional
	0.772
	 
	 
	0.605
	0.924


	Q20
	<–––
	Oppositional
	0.804
	0.055
	***
	 
	 


	Q21
	<–––
	Oppositional
	0.820
	0.052
	***
	 
	 


	Q22
	<–––
	Oppositional
	0.793
	0.052
	***
	 
	 


	Q23
	<–––
	Oppositional
	0.793
	0.051
	***
	 
	 


	Q24
	<–––
	Oppositional
	0.822
	0.054
	***
	 
	 


	Q25
	<–––
	Oppositional
	0.782
	0.050
	***
	 
	 


	Q26
	<–––
	Oppositional
	0.619
	0.040
	***
	 
	 





p<0.05*, p<0.01**, and p<0.001***.




Table 6 | Discriminant validity of the SNAP-IV.
	Variables
	Inattention
	Hyperactivity/Impulsivity
	Oppositional



	Inattention
	0.591
	 
	 


	Hyperactivity/Impulsivity
	0.851***
	0.581
	 


	Oppositional
	0.767***
	0.811***
	0.605


	Square root of AVE
	0.769
	0.762
	0.778


	MSV (Maximum Shared Variance)
	0.724
	0.724
	0.724


	ASV (Average Shared Variance)
	0.657
	0.657
	0.657





Square root of AVE is compared with inter-factor correlations for discriminant validity. MSV and ASV are included as supplementary indicators of discriminant validity; p<0.05*, p<0.01**, and p<0.001***.







Measurement invariance

Measurement invariance for gender and age groups was evaluated via the three-factor model, with the results summarized in Table 7. ΔCFI and ΔRMSEA are reported as effect sizes for model differences (e.g., for gender scalar invariance: ΔCFI=-0.002, small effect; ΔRMSEA=-0.001, negligible effect). Both groups showed an acceptable fit in the configural model (RMSEA=0.063, CFI=0.885, RMR=0.028 for gender; RMSEA=0.063, CFI=0.886, RMR=0.331 for age). The fit of the metric, scalar, and strict factor models was similar to that of the configural model (ΔRMSEA < 0.015, ΔCFI < 0.01), thereby supporting measurement invariance across gender and age groups.


Table 7 | Multigroup CFA fit indices for the SNAP-IV across gender and age.
	Model (gender)
	χ2
	df
	Δχ2
	Δdf
	p
	CFI
	RMSEA
	RMR
	ΔCFI
	ΔRMSEA



	Model1 (configural invariance)
	1669.454
	592
	 
	 
	 
	0.885
	0.063
	0.028
	 
	 


	Model2 (metric invariance)
	1690.035
	615
	20.581
	23
	0.607
	0.885
	0.061
	0.031
	0
	-0.002


	Model3 (scalar invariance)
	1713.67
	621
	44.216
	29
	0.035
	0.883
	0.062
	0.043
	-0.002
	-0.001


	Model4 (strict invariance)
	1770.387
	647
	100.933
	55
	0.000
	0.88
	0.061
	0.044
	-0.005
	-0.002


	Model (age)


	Model1 (configural invariance)
	1664.644
	592
	 
	 
	 
	0.886
	0.063
	0.031
	 
	 


	Model2 (metric invariance)
	1691.426
	615
	26.782
	23
	0.265
	0.886
	0.061
	0.037
	0
	-0.002


	Model3 (scalar invariance)
	1697.805
	621
	33.161
	29
	0.271
	0.886
	0.061
	0.055
	0
	-0.002


	Model4 (strict invariance)
	1780.282
	647
	115.638
	55
	0.000
	0.88
	0.062
	0.056
	-0.006
	-0.001





p<0.05*, p<0.01**, and p<0.001***.








Discussions




Key findings and psychometric robustness

This study represents the first systematic psychometric evaluation of the SNAP-IV rating scale in amblyopic children at high AD/HD risk, demonstrating exceptional reliability and validity. The scale exhibited outstanding internal consistency, surpassing previous cross-cultural adaptations in Brazil (α > 0.91) and China (α =0.88–0.90) (24, 28). These findings serve to reinforce the stability of the SNAP-IV in capturing homogenous behavioral constructs across diverse populations. The findings of the factorial analysis provided further support for the construct validity of the scale, with strong correlations between factors, indicating that all items reliably discriminate their respective dimensions (40, 41).

Importantly, the observed effect sizes across the main psychometric indices ranged from medium to large, highlighting that the associations observed are not only statistically significant but also of practical and clinical importance. Convergent validity with the CPRS was robust, particularly with respect to the oppositional factor of the SNAP-IV scale, which showed a large effect size correlation with the conduct problem factor of the CPRS (rs = 0.837, p <0.001), which is consistent with evidence that children with unilateral visual impairment frequently present with heightened behavioral difficulties, including externalizing symptoms (23). Notably, large correlations between inattention and behavior problems (with learning problems and conduct problems, all p <0.001) underscore that attentional deficits exert a substantial behavioral impact in visually impaired children. Such magnitudes suggest that these relationships reflect meaningful behavioral mechanisms rather than trivial statistical findings. The large effect sizes observed support the hypothesis that attentional resource allocation deficits secondary to visual impairment, manifesting as cascading behavioral sequelae (42), thereby supporting theories of symptom overlap in neurodevelopmental disorders (43, 44). Together, these results demonstrate both statistical robustness and real-world relevance, underscoring the need for integrated interventions that addressing both visual symptoms and behavioral comorbidities in children with amblyopia.





Factor structure and measurement invariance

The three-factor model of the SNAP-IV (inattention, hyperactivity/impulsivity, oppositional) is illustrated in Figure 1. This model demonstrated strong cross-cultural adaptability with acceptable fit indices (p < 0.05) (28, 41, 45). However, initial model misfit (RMSEA=0.082) highlighted insufficient factor independence, a finding that is probably attributable to the clinical co-occurrence of AD/HD symptoms (44) and nonspecific behavioral responses to visual dysfunction (46). As depicted in Figure 1, the standardized path coefficients ranged from 0.62 to 0.85, corresponding to large effect sizes, which affirm both the statistical robustness and the practical interpretability of the model. These magnitudes indicate that items have substantial loading strength on their latent constructs, advancing SNAP-IV understanding by confirming its factor structure in amblyopic children-a previously untested domain-and supporting its use for nuanced ADHD subtyping in visual impairment contexts. A high proportion of individuals ≤6 years of age (67.96%) may attenuate age norms, but invariance tests confirmed their applicability. Similarly, the measurement invariance across gender groups further corroborated the scale’s applicability across demographic subgroups.

However, configural and metric invariance were maintained (Δχ² = 26.782, Δdf = 23, p =0.265), and the small-to-medium effect size differences observed at the intercept level (ΔRMSEA = 0.001, ΔCFI = 0.006), which may reflect variations in behavioral expression due to age and environmental factors. This aligns with developmental trends showing declining hyperactivity with increasing age (20, 24). These effects are modest yet informative, emphasizing the need for age-adjusted thresholds in clinical practice. Furthermore, small effect size differences were detected across gender in scalar and strict invariance models (both p<0.05, ΔRMSEA < 0.005, ΔCFI < 0.002), with behavioral patterns consistent with clinical features of AD/HD (47). The minimal magnitude of these differences suggests they represent true behavioral variation rather than measurement bias. The small magnitude of these differences indicates they reflect genuine behavioral variation rather than measurement bias. Cross-cultural evidence suggests that these gender differences cannot be attributed to reporter bias or differences in assessment tools (48). These insights underscore the necessity of gender-sensitive assessment protocols in pediatric populations.





Clinical and theoretical implications

The SNAP-IV scale has demonstrated strong reliability and validity across various cultural adaptations (28, 49, 50), underscoring its clinical value in assessing behavioral issues in amblyopic children. The validated reliability and validity of the SNAP-IV in this understudied population provide a critical tool for the early identification of AD/HD comorbidities in amblyopic children. Given that a high percentage of amblyopic children develop AD/HD-related behaviors (51) and that visual treatment windows is typically limited to age 7 (52), this scale offers timely clinical utility. Our findings align with transactional developmental theory (42, 53), suggesting that visual impairment disrupts attentional processes, which in turn exacerbate behavioral outcomes. The overlap between attentional difficulties and visual impairment may further complicate diagnostic processes, underscoring the need for precise, population-specific assessment protocols. This mechanistic framework justifies multidisciplinary interventions targeting both sensory and behavioral domains in children with amblyopia. From the perspective of multidisciplinary management of amblyopia, the results of this study provide a practical tool for the comprehensive assessment and intervention of children with amblyopia, ultimately leading to better long-term outcomes for these children.





Limitations and future directions

While groundbreaking, this study has several limitations. First, parent-reported data introduced potential reporter bias, as both the SNAP-IV and the CPRS were completed by caregivers (54). Second, the absence of a clinical AD/HD diagnosis group precluded sensitivity/specificity analysis. Third, the cross-sectional design provided limited insights into the temporal stability of the scale. Fourth, both the authors and the participants in this study belong to the same ethnic and cultural group, potentially influencing the results through in-group familiarity with subtle behavioral norms (42). Caution is warranted when generalizing findings to other populations. Last but still important, while the SNAP-IV/CPRS lack age/gender norms (unlike Conners-4), they were chosen for validated Chinese adaptations in pediatric cohorts and brevity for clinical feasibility. Future research should incorporate teacher and self-reports to triangulate data, longitudinal tracking to assess developmental trajectories (55, 56), and validation against gold-standard diagnostic interviews (e.g., Conners-4) (57). Additionally, optimizing items for age-specific expression (e.g., preschool vs. school-age) and incorporating neurocognitive measures (e.g., eye-tracking, fMRI) could enhance discriminative validity (58).






Conclusions

This study establishes the SNAP-IV as a reliable and valid instrument for assessing AD/HD-related behaviors in amblyopic children, filling a critical gap in developmental psychology research. While measurement invariance was largely preserved, age- and gender-related variations necessitate refined calibration for clinical use. Future advancements should prioritize longitudinal validation and multidisciplinary integration to address the complex interplay between visual impairment and behavioral comorbidities, ultimately improving long-term developmental outcomes for these vulnerable children.
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Objective

To evaluate the efficacy of intermittent theta-burst stimulation (iTBS) targeting the left dorsolateral prefrontal cortex (DLPFC) combined with cognitive training in patients with post-stroke cognitive impairment (PSCI), and to investigate its effects on systemic inflammatory biomarkers: homocysteine (Hcy), C-reactive protein (CRP), and lactate dehydrogenase (LDH).





Methods

In this single-center, randomized, sham-controlled trial, 69 PSCI patients received 4 weeks of daily cognitive training combined with either real iTBS (target: left DLPFC; 1200 pulses per session at 80 % of resting motor threshold, total 20 sessions) or sham stimulation. Assessments were conducted at baseline (week 0) and week 4, including measures of global cognition (Mini-Mental State Examination [MMSE], Montreal Cognitive Assessment [MoCA]), executive function (Frontal Assessment Battery [FAB]), activities of daily living (Barthel Index [BI]), domain-specific cognitive subscores (forward/backward digit span [FDS/BDS], delayed recall, attention), and inflammatory biomarkers (Hcy, CRP, LDH). Data were analyzed using two-way mixed General Linear Models (GLM) to assess main and interaction effects of Time and Group.





Results

Significant Time effects were observed for all cognitive and biochemical measures (p < 0.001), indicating overall improvement after intervention. Significant Time × Group interactions favored the iTBS group for MMSE, MoCA, BI, FDS, BDS (p < 0.05), suggesting enhanced gains in global cognition, executive function, and working memory. Serum LDH showed a greater reduction in the iTBS group (p < 0.05), while decreases in Hcy and CRP were comparable between groups. Correlation analysis revealed that reductions in LDH and Hcy were significantly associated with improvements in MMSE, MoCA, FAB, and working-memory subscores in the iTBS group (r = −0.334 to −0.525, p < 0.05), supporting a metabolic-cognitive coupling effect.





Conclusions

iTBS applied to the left DLPFC, combined with cognitive training, produces superior improvements in global cognition, executive function, and daily living ability compared with cognitive training alone in PSCI patients. The concomitant reduction in LDH suggests potential anti-inflammatory or neuroprotective mechanisms underlying these cognitive benefits. LDH may thus serve as a sensitive peripheral biomarker for neuromodulation-induced recovery in PSCI rehabilitation.






Clinical trial registration

https://www.chictr.org.cn/, identifier ChiCTR2300076109.
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1 Introduction

Post-stroke cognitive impairment (PSCI) is one of the most debilitating sequelae of stroke, affecting up to 60% of survivors within the first year and persisting in roughly one-third long-term (1). Contemporary epidemiological syntheses suggest an overall prevalence as high as 70%, making PSCI a leading contributor to post-stroke disability, dependency and rehospitalisation (2). In addition to lowering quality of life, PSCI markedly increases health-care costs and hampers the recovery of motor, language and psychosocial functions, thereby amplifying the overall burden on families and society (3).

Despite three decades of research, the mechanisms underlying PSCI remain incompletely understood. Growing evidence points to a pivotal contribution of systemic and cerebral inflammation. Large prospective cohorts have shown that elevated circulating C-reactive protein (CRP), homocysteine (Hcy) and lactate dehydrogenase (LDH) soon after stroke predict early-onset cognitive decline (4). Meta-analytic work further implicates CRP, Hcy, total cholesterol and LDL-C as independent biomarkers of PSCI risk (5). Inflammatory panels derived from high-throughput proteomics now explain up to 35% of variance in cognitive outcomes at 12 months (6), highlighting neuro-immune interactions as a therapeutic target.

Pharmacological options for PSCI are limited and largely off-label, underscoring the need for disease-modifying strategies. Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive brain-stimulation technique that modulates cortical excitability and has demonstrated moderate efficacy in multiple systematic reviews (7). A 2024 network meta-analysis comparing rTMS protocols ranked theta-burst paradigms among the most promising but highlighted heterogeneity and small sample sizes (8).

iTBS delivers bursts of 50 Hz pulses repeated at the endogenous 5 Hz theta rhythm, requiring fewer pulses, lower intensities and < 5 min per session while producing longer-lasting neuroplastic effects than conventional high-frequency rTMS. A single-blind randomized controlled trial in 2023 showed that iTBS over the left dorsolateral prefrontal cortex (DLPFC) combined with cognitive training significantly improved MoCA and executive scores versus sham in PSCI (9). High-dose, individualized iTBS protocols further enhanced global cognition without compromising safety (10), and adjunctive approaches such as scalp-acupuncture-primed iTBS yielded additive benefits (11). Bibliometric analyses confirm iTBS as a rapidly expanding research hotspot in neuromodulation (12). Beyond cognition, iTBS accelerates motor recovery and network re-organization in early stroke (13), promotes neurovascular unit remodeling (14), and mitigates ferroptotic and apoptotic cascades after ischaemia-reperfusion injury (15), underscoring its pleiotropic potential.

While mechanistic reviews suggest that theta-burst stimulation down-regulates oxidative stress, glial activation and pro-inflammatory cytokine release (16), direct clinical evidence linking iTBS-induced cognitive gains to changes in peripheral or central inflammatory markers is scarce. Pre-clinical studies demonstrate that iTBS shifts microglia toward an M2 reparative phenotype via Cry1 signaling (17) and enhances PI3K/Akt-mediated synaptic plasticity while dampening neuro-inflammation (18). Meta-analytic data on theta-burst stimulation for motor recovery likewise imply anti-inflammatory actions (19), yet clinical correlation with biomarkers such as LDH or CRP in PSCI is virtually unexplored. Continuous-TBS paradigms can even exert opposite dopaminergic and excitability effects, highlighting the need for protocol-specific biomarker mapping (20).

Given (i) the high prevalence and societal impact of PSCI, (ii) compelling but inconclusive evidence for iTBS-mediated cognitive restoration, and (iii) the putative role of systemic inflammation in cognitive decline, we designed a randomized controlled trial to determine whether intermittent theta-burst stimulation of the left DLPFC enhances cognitive recovery in PSCI and whether such effects are accompanied by favorable shifts in inflammatory biomarkers (Hcy, CRP, LDH). Clarifying these relationships will help refine precision-neuromodulation strategies and provide mechanistic insight into non-pharmacological treatment of PSCI.





2 Methods



2.1 Subjects

This single-center, parallel-group, assessor-blinded, randomized, sham-controlled trial was conducted in the Second Rehabilitation Hospital of Shanghai between 1 January 2023 and 31 December 2024. Trial reporting follows the CONSORT-2010 extension for non-pharmacological interventions (21) and adopts the updated IFCN safety recommendations for transcranial magnetic stimulation (TMS) (22). A total of 72 eligible patients were enrolled in the study. During the intervention period, 3 patients withdrew due to early discharge from the hospital—1 from the iTBS group and 2 from the sham group. Ultimately, 69 participants completed the study, including 36 in the iTBS group and 33 in the sham group (see Figure 1).
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Figure 1 | The flow-chart of the study.



2.1.1 Eligibility criteria

Inclusion criteria were:

	Diagnosis of PSCI according to the 2019 Chinese Expert Consensus on post-stroke cognitive impairment (23) and harmonized with the NINDS-CSN vascular cognitive impairment standards (24).

	First-ever ischaemic or haemorrhagic stroke confirmed by CT or MRI within 6 months (25).

	Age 45–80 years.

	Mini-Mental State Examination (MMSE) ≤ 24 at screening, indicating at least mild cognitive deficit.

	Stable medical condition and ability to participate in cognitive testing and rehabilitation.

	Provision of written informed consent by the patient or legally authorized representative in accordance with the Declaration of Helsinki.



Exclusion criteria were:

	Contra-indications to TMS (metallic cranial implants, cardiac pacemaker, active epilepsy, skull defects) per IFCN guidelines (26).

	Pre-existing neurodegenerative or severe psychiatric disorders.

	Severe aphasia, visual or auditory deficits precluding valid cognitive assessment.

	Uncontrolled systemic disease (eg, de-compensated heart failure, severe renal/hepatic insufficiency).

	Current participation in another interventional trial.






2.1.2 Sample-size determination

A priori power analysis was performed with G*Power 3.1.9 using the difference in Montreal Cognitive Assessment (MoCA) improvement reported in a recent iTBS-PSCI pilot (mean ± SD change 3.2 ± 4.0 vs 0.6 ± 3.5) (9). Assuming a two-tailed α = 0.05, 80% power and an effect size d = 0.7, we required 33 participants per arm. Anticipating a 15% attrition rate, we set the target enrolment at 78 subjects (39 each group), consistent with recommendations for pragmatic clinical trials (5).

During the recruitment period, 72 eligible patients meeting all inclusion criteria were successfully enrolled, and 69 participants completed the full intervention and assessment schedule (iTBS = 36, Sham = 33). The actual attrition rate of ≈ 8% was lower than anticipated, and post hoc power analysis confirmed that the achieved statistical power remained above 0.80 for detecting the observed group × time interaction effects in the General Linear Model (GLM) analysis.




2.1.3 Randomization and masking

Participants were randomly assigned (1: 1) to either intermittent theta-burst stimulation (iTBS) or sham stimulation using a computer-generated sequence with random block sizes of 4–6 prepared by an independent statistician. Allocation was concealed in sequentially numbered, opaque, sealed envelopes opened by the TMS operator immediately before the first session. Outcome assessors, data analysts and participants were blinded to group allocation. Sham stimulation was delivered with the figure-of-”8” coil rotated 90° away from the scalp, reproducing acoustic artefacts without effective cortical stimulation (6).




2.1.4 Baseline assessment

Demographic data (age, sex, education), stroke characteristics (type) and cognitive/functional status (Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), Barthel Index (BI)) were collected at enrolment. Resting motor threshold was measured over the contralesional “motor hotspot” according to standardized procedures (27). Peripheral blood was drawn for inflammatory biomarkers (homocysteine (Hcy), C-reactive protein (CRP), Lactate dehydrogenase (LDH)) before randomization, aligning with emerging evidence linking these markers to PSCI severity (28). The demographic characteristics and baseline MMSE scores did not differ significantly between the two groups (P > 0.05; see Table 1).


Table 1 | Baseline demographic and clinical characteristics of participants in the iTBS and sham-stimulation groups.
	Variable
	iTBS group (n=36)
	Sham group (n=33)
	Test statistic (χ2/t/Z)
	P-value



	Male/Female (n/n)
	21/15
	25/8
	2.352
	0.125


	Stroke type
	 
	 
	0.643
	0.423


	ischaemic
	31
	26
	 
	 


	haemorrhagic
	5
	7
	 
	 


	Age (mean ± SD, years)
	64.39 ± 5.52
	66.79 ± 6.74
	-1.624
	0.109


	Duration since stroke (months); median (Q1, Q3)
	3.00(2.00,4.00)
	2.00(2.00,4.00)
	-1.179
	0.238


	Years of education (years); median (Q1, Q3)
	9.00(6.00,12.00)
	6.00(6.00,9.00)
	-1.902
	0.057


	MMSE score; median (Q1, Q3)
	16.00(6.25,23.00)
	15.00(9.00,20.50)
	-0.548
	0.584





Itbs, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination.






2.1.5 Ethics and registration

The study protocol was approved by the Shanghai Second Rehabilitation Hospital Ethics Committee (approval No. 2022-10-01) and registered at the Chinese Clinical Trial Registry (ChiCTR2300076109). All procedures complied with the Declaration of Helsinki and local regulatory requirements.





2.2 Evaluation indicators

We adopted a multimodal evaluation battery that captures global cognition, frontal-executive control, functional independence, working-memory span and systemic inflammation. All tools have been validated in stroke cohorts during the past five years and align with contemporary PSCI-assessment recommendations.



2.2.1 Global cognition

MMSE (0–30) and MoCA (0–30; +1 point if ≤12 y education) were administered. A 2024 multicenter analysis confirmed comparable discrimination of MMSE and MoCA for PSCI detection, supporting continued use of both screeners (29). However, an updated diagnostic-accuracy study recommends a stroke-specific MoCA cut-off of 21/22 to optimize sensitivity and specificity in Asian populations (30).




2.2.2 Frontal-executive function

FAB (0–18) probes abstract reasoning, mental set-shifting and inhibitory control at the DLPFC level. A 2024 Japanese validation showed high internal consistency (α = 0.89) and limits of agreement of −1.7 to +2.9 points in stroke survivors (31); similar reliability was reported for the telephone FAB variant in 2022 (32).




2.2.3 Activities of daily living

Functional independence was quantified with the BI (0–100). Machine-learning prognostic modelling (2024) demonstrated that baseline BI scores accurately predict discharge self-care status after intensive stroke rehabilitation (33), while item-level analyses in a 2023 registry identified grooming and transfers as the strongest early predictors of global BI at discharge (34).




2.2.4 Working-memory span

Forward Digit-Span (FDS) and Backward Digit-Span (BDS) were delivered according to WAIS-IV procedures. A decade-long longitudinal study revealed that BDS trajectories closely mirror functional-connectivity changes and long-term cognitive recovery post-stroke (35). Complementary evidence from a 2023 cardiovascular-risk cohort linked BDS decline to vascular-cognitive trajectories in 137 stroke survivors (36).




2.2.5 Delayed recall

We assessed delayed recall using the MoCA’s memory subscore (range 0–5). This subitem—a 5-word recall following a 5-minute delay—is sensitive to hippocampal-dependent consolidation deficits common in post-stroke cognitive impairment. Domain-specific analyses have demonstrated that delayed recall declines significantly between discharge and 3-month follow-up post-stroke, highlighting its longitudinal sensitivity and prognostic value for functional outcomes (37).




2.2.6 Attention

The attention domain of MoCA (range 0–6) includes tasks assessing sustained attention, working memory (digit span), and serial subtraction. Recent studies emphasize its robust association with executive control network dysfunction and daily activity performance post-stroke. Prognostic modeling studies have confirmed that attention subscores contribute valuable specificity in detecting PSCI, particularly when combined with other domain scores (38, 39).




2.2.7 Inflammatory & metabolic biomarkers

Fasting venous samples (07:00–08:00 h) were collected for: Hcy (μmol/L); CRP (mg/L); LDH (U/L). A 2023 meta-analysis involving > 3–000 patients confirmed that elevated Hcy and CRP independently predict early cognitive decline after acute stroke (40, 41). Two large observational studies reported that high LDH or an elevated LDH-to-albumin ratio is associated with poor 3-month neurological outcome and larger infarct burden (42, 43).

All evaluation indicators—MOCA total, MMSE, FAB, BI, FDS/BDS, delayed recall, attention subscores, and inflammatory biomarkers—were measured at baseline (week 0) and repeated at end of week 4, ensuring consistency in pre- and post-treatment comparisons.





2.3 Intervention protocol



2.3.1 Overview of intervention

Both study arms received standard-of-care baseline treatment—comprising conventional pharmacotherapy (e.g. antiplatelets, statins, antihypertensives) and individualized rehabilitation (physiotherapy, occupational therapy, physical modalities)—alongside structured one-on-one cognitive training lasting 30 minutes daily. Cognitive tasks focused on everyday functional relevance and engagement, including object recognition/use, memory card tasks, numeracy tasks, and computer-assisted training, with graduated difficulty tailored to patient ability. After cognitive training, participants proceeded to group-specific experimental treatments. Sessions occurred once daily, five times per week for four consecutive weeks (total 20 sessions). Outcomes were assessed at week 0 and week 4 endpoints.




2.3.2 iTBS treatment (experimental group)

The experimental group received intermittent theta-burst stimulation (iTBS) delivered with a OSF-5/T TMS device (Aosaifu, Wuhan, China) using a figure-of-“8” coil. The iTBS protocol consisted of bursts of three pulses at 50 Hz, repeated at 5 Hz (theta rhythm). Specifically, a 2 s stimulation train was followed by an 8 s pause, repeated until a total of 1200 pulses over approximately 383.7 s (~6.4 min) per session. Stimulation intensity was set at 80 % of the resting motor threshold (RMT) measured at the contralesional M1 “motor hotspot” in sitting subjects with relaxed upper limb muscles, defined as the minimal intensity producing ≥50 µV MEP in 5 of 10 trials. The coil was placed tangentially over the left dorsolateral prefrontal cortex (DLPFC)—identified with standard anatomical landmarks and the international 10—20 System—consistent with recent clinical protocols for PSCI rehabilitation (see Figure 2A).

[image: Panel A shows a person with a rectangular blue bar obscuring the eyes, seated against a wood-paneled wall, with a white TMS coil positioned at an angle on the left side of the forehead. Panel B shows the same person with the TMS coil placed horizontally on the left side of the forehead.]
Figure 2 | Stimulation Protocols for the iTBS and Sham Groups. (A) Real intermittent theta burst stimulation (iTBS) in the iTBS group: the figure-of-”8” coil was positioned tangentially to the scalp over the left dorsolateral prefrontal cortex (DLPFC) at an angle that ensured effective cortical stimulation. (B) Sham stimulation in the control group: the coil was rotated 90° perpendicular to the scalp surface, minimizing magnetic field penetration and producing only auditory and somatosensory sensations without real cortical activation.




2.3.3 Sham stimulation (control group)

Sham treatment used an identical schedule and device settings, but with the coil rotated 90°, producing similar acoustic and sensory artifacts without effective cortical stimulation. All other parameters (intensity, duration, coil type, session frequency) were matched to the active iTBS group. Participants were instructed to remain relaxed and stable throughout treatment, and the coil position was consistently marked to ensure precision over the four-week course (see Figure 2B).




2.3.4 Safety monitoring and stimulation precision

RMT was re-assessed weekly to accommodate potential fluctuations in cortical excitability and to adjust stimulation dosage accordingly. To promote safety, operators monitored for adverse events (e.g. headache, scalp discomfort, syncope) after each session, in line with updated NIBS safety guidelines (no serious adverse effects were reported in prior iTBS-PSCI trials) (44, 45). Coil positioning and patient head stability were verified before each session to maintain consistent targeting across treatment days.





2.4 Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics 26.0 (IBM Corp., Armonk, NY, USA). Data distribution was examined using the Shapiro–Wilk test. Continuous variables conforming to a normal distribution are presented as the mean ± standard deviation (SD), while non-normally distributed data are expressed as the median (interquartile range, IQR). Categorical variables are summarized as counts and percentages.

Between-group differences in baseline demographic and clinical characteristics (Table 1) were analyzed using the independent-samples t test for normally distributed variables, the Mann–Whitney U test for non-normal variables, and the chi-square (χ²) test for categorical data.

To evaluate treatment effects, cognitive, subdomain, and biochemical outcomes were analyzed using a two-way mixed-design General Linear Model (GLM) with Group (iTBS vs. Sham) as the between-subjects factor and Time (Pre vs. Post) as the within-subjects factor (Table 2). The interaction term (Time × Group) reflected the differential effect of iTBS relative to sham stimulation. Where significant main or interaction effects were detected, Bonferroni-corrected post hoc tests were performed. Partial η² values were calculated to estimate effect size and interpreted as small (≥ 0.01), medium (≥ 0.06), and large (≥ 0.14).


Table 2 | General Linear Model (GLM) results for cognitive, subdomain, and biochemical outcomes in the iTBS and Sham groups.
	Outcome measure
	Source of variation
	F
	df
	P-value
	Partial η²
	Interpretation



	MMSE
	Time (Pre vs. Post)
	39.001
	1,67
	<0.001
	0.368
	Significant Time effect; overall cognition improved after treatment.


	 
	Group (iTBS vs. Sham)
	3.318
	1,67
	0.073
	0.047
	Trend toward higher overall scores in iTBS.


	 
	Time × Group
	9.26
	1,67
	0.003
	0.121
	iTBS group showed greater MMSE improvement than Sham.


	MoCA
	Time (Pre vs. Post)
	97.569
	1,67
	<0.001
	0.593
	Strong Time effect; marked global cognitive improvement.


	 
	Group (iTBS vs. Sham)
	4.458
	1,67
	0.038
	0.062
	Overall higher MoCA scores in iTBS group.


	 
	Time × Group
	4.503
	1,67
	0.038
	0.063
	Greater cognitive gain in iTBS vs. Sham.


	FAB
	Time (Pre vs. Post)
	74.914
	1,67
	<0.001
	0.528
	Executive function improved significantly in both groups.


	 
	Group (iTBS vs. Sham)
	7.207
	1,67
	0.009
	0.097
	Higher overall FAB scores in iTBS.


	 
	Time × Group
	2.3
	1,67
	0.134
	0.033
	No significant interaction; both groups improved similarly.


	BI
	Time (Pre vs. Post)
	74.63
	1,67
	<0.001
	0.527
	Activities of daily living improved after therapy.


	 
	Group (iTBS vs. Sham)
	3.493
	1,67
	0.066
	0.05
	Trend toward higher overall BI in iTBS.


	 
	Time × Group
	7.801
	1,67
	0.007
	0.104
	iTBS yielded greater functional gains than Sham.


	FDS
	Time (Pre vs. Post)
	45.103
	1,67
	<0.001
	0.402
	Working-memory span increased after treatment.


	 
	Group (iTBS vs. Sham)
	3.476
	1,67
	0.067
	0.049
	Trend favoring iTBS overall.


	 
	Time × Group
	5.281
	1,67
	0.025
	0.073
	Stronger FDS improvement in iTBS.


	BDS
	Time (Pre vs. Post)
	35.413
	1,67
	<0.001
	0.346
	Backward-digit memory improved across time.


	 
	Group (iTBS vs. Sham)
	8.724
	1,67
	0.004
	0.115
	Higher overall BDS in iTBS group.


	 
	Time × Group
	14.827
	1,67
	<0.001
	0.181
	Marked interaction: iTBS produced greater improvement.


	Delayed Recall
	Time (Pre vs. Post)
	49.644
	1,67
	<0.001
	0.426
	Memory recall improved after treatment.


	 
	Group (iTBS vs. Sham)
	0.847
	1,67
	0.361
	0.012
	No group difference.


	 
	Time × Group
	0.209
	1,67
	0.649
	0.003
	No differential effect between groups.


	Attention
	Time (Pre vs. Post)
	34.135
	1,67
	<0.001
	0.338
	Attention enhanced over time.


	 
	Group (iTBS vs. Sham)
	3.521
	1,67
	0.065
	0.05
	Trend toward better performance in iTBS.


	 
	Time × Group
	2.953
	1,67
	0.09
	0.042
	No significant interaction; both groups improved.


	Hcy (μmol/L)
	Time (Pre vs. Post)
	26.653
	1,67
	<0.001
	0.285
	Homocysteine decreased post-treatment in both groups.


	 
	Group (iTBS vs. Sham)
	0.086
	1,67
	0.770
	0.001
	No group difference.


	 
	Time × Group
	0.429
	1,67
	0.515
	0.006
	No interaction effect.


	CRP (mg/L)
	Time (Pre vs. Post)
	15.354
	1,67
	<0.001
	0.186
	Inflammatory marker decreased after treatment.


	 
	Group (iTBS vs. Sham)
	0.029
	1,67
	0.865
	<0.001
	No difference between groups.


	 
	Time × Group
	0.178
	1,67
	0.675
	0.003
	No interaction effect.


	LDH (U/L)
	Time (Pre vs. Post)
	33.603
	1,67
	<0.001
	0.334
	LDH decreased significantly after intervention.


	 
	Group (iTBS vs. Sham)
	3.172
	1,67
	0.079
	0.045
	Trend toward lower LDH in iTBS.


	 
	Time × Group
	2.899
	1,67
	0.093
	0.041
	Slight trend for stronger LDH reduction in iTBS.





Results are derived from a two-way mixed General Linear Model (GLM) with factors Time (Pre vs Post) and Group (iTBS vs Sham). F values, degrees of freedom (df), p-values, and partial η² (effect sizes) are reported. Partial η² values are interpreted as small (≥ 0.01), medium (≥ 0.06), and large (≥ 0.14). p < 0.05 was considered statistically significant.

iTBS, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; BI, Barthel Index; FDS, forward digit span; BDS, backward digit span; Hcy, homocysteine; CRP, C-reactive protein; LDH, lactate dehydrogenase.



For descriptive reference, paired-samples t-tests were used within each group to identify significant pre-to-post changes, and independent-samples t-tests were used to compare post-treatment values between the iTBS and sham groups (Table 3).


Table 3 | Descriptive statistics for cognitive, subdomain, and biochemical outcomes (Mean ± SD).
	Outcome measure
	Group
	n
	Pre
	Post
	Δ Change
	T-value
	P-value



	MMSE
	iTBS
	36
	15.08 ± 8.28
	21.50 ± 6.93**
	6.42 ± 6.95
	5.543
	<0.001*


	 
	Sham
	33
	14.30 ± 6.89
	16.52 ± 6.32
	2.21 ± 4.01
	3.172
	0.003*


	MoCA
	iTBS
	36
	11.44 ± 6.73
	18.81 ± 6.46**
	7.36 ± 5.93
	7.443
	<0.001*


	 
	Sham
	33
	9.73 ± 6.00
	14.48 ± 6.59
	4.76 ± 3.97
	6.886
	<0.001*


	FAB
	iTBS
	36
	8.25 ± 4.49
	12.61 ± 4.28**
	4.36 ± 4.27
	6.127
	<0.001*


	 
	Sham
	33
	6.48 ± 3.73
	9.55 ± 3.95
	3.06 ± 2.56
	6.865
	<0.001*


	BI
	iTBS
	36
	45.56 ± 24.95
	67.78 ± 22.85**
	22.22 ± 17.58
	7.583
	<0.001*


	 
	Sham
	33
	41.97 ± 19.92
	53.33 ± 17.35
	11.36 ± 14.38
	4.541
	<0.001*


	FDS
	iTBS
	36
	4.61 ± 2.36
	6.53 ± 2.46**
	1.92 ± 2.29
	5.033
	<0.001*


	 
	Sham
	33
	4.21 ± 1.82
	5.15 ± 1.91
	0.94 ± 0.90
	6.001
	<0.001*


	BDS
	iTBS
	36
	1.97 ± 1.23
	3.53 ± 1.50**
	1.56 ± 1.61
	5.792
	<0.001*


	 
	Sham
	33
	1.70 ± 1.49
	2.03 ± 1.40
	0.33 ± 0.89
	2.152
	0.039*


	Delayed Recall
	iTBS
	36
	0.78 ± 0.99
	1.92 ± 1.42
	1.14 ± 1.44
	4.754
	<0.001*


	 
	Sham
	33
	0.64 ± 0.90
	1.64 ± 1.17
	1.00 ± 1.03
	5.573
	<0.001*


	Attention
	iTBS
	36
	2.67 ± 2.07
	4.11 ± 1.92**
	1.44 ± 1.80
	4.826
	<0.001*


	 
	Sham
	33
	2.18 ± 1.90
	2.97 ± 1.96
	0.79 ± 1.32
	3.436
	0.002*


	Hcy (μmol/L)
	iTBS
	36
	13.542 ± 4.08
	10.22 ± 3.42
	-3.32 ± 4.65
	4.285
	<0.001*


	 
	Sham
	33
	13.382 ± 4.91
	10.81 ± 2.61
	-2.57 ± 4.83
	3.060
	0.004*


	CRP (mg/L)
	iTBS
	36
	7.15 ± 11.19
	3.77 ± 8.10
	-3.37 ± 6.49
	3.116
	0.004*


	 
	Sham
	33
	6.45 ± 11.20
	3.73 ± 6.51
	-2.72 ± 6.40
	2.440
	0.020*


	LDH (U/L)
	iTBS
	36
	158.69 ± 37.01
	126.28 ± 18.01**
	-32.42 ± 34.96
	5.563
	<0.001*


	 
	Sham
	33
	164.39 ± 42.95
	146.70 ± 39.06
	-17.70 ± 36.84
	2.760
	0.009*





*Indicates a statistically significant difference within the same group (before vs. after treatment) (P<0.05). **Indicates a statistically significant difference between groups (iTBS vs. sham) after treatment (P<0.05). Values are expressed as mean ± standard deviation (SD). Δ Change = Post – Pre. p < 0.05 was considered statistically significant. iTBS, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; BI, Barthel Index; FDS, forward digit span; BDS, backward digit span; Hcy, homocysteine; CRP, C-reactive protein; LDH, lactate dehydrogenase.



Correlations between changes in cognitive performance and biochemical parameters (Table 4; Figure 3) were examined using Pearson’s correlation analysis within each group. Δ values were computed as the difference between post- and pre-treatment scores (Δ = Post – Pre).


Table 4 | Correlations between Changes in Cognitive and Biochemical Parameters after Treatment in the iTBS and Sham Groups.
	Variable pair
	Group
	r
	P-value



	ΔMMSE – ΔLDH
	iTBS
	-0.488
	0.003


	ΔMoCA – ΔLDH
	iTBS
	-0.384
	0.021


	ΔFAB – ΔHcy
	iTBS
	-0.486
	0.003


	ΔFAB – ΔLDH
	iTBS
	-0.525
	0.001


	ΔFDS – ΔLDH
	iTBS
	-0.334
	0.046


	ΔBDS – ΔLDH
	iTBS
	-0.351
	0.036


	ΔMMSE – ΔHcy
	Sham
	0.687
	<0.001


	ΔMoCA – ΔHcy
	Sham
	0.469
	0.006


	ΔFDS – ΔHcy
	Sham
	0.382
	0.028


	ΔAttention – ΔHcy
	Sham
	0.607
	<0.001





Values represent Pearson correlation coefficients (r) and corresponding two-tailed p-values. Δ indicates change from post- to pre-treatment (Δ = Post – Pre). p < 0.05 was considered statistically significant. iTBS, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; BI, Barthel Index; FDS, forward digit span; BDS, backward digit span; Hcy, homocysteine; CRP, C-reactive protein; LDH, lactate dehydrogenase.



[image: Panel A shows a scatter plot with ΔLDH (U/L) on the x-axis and ΔMMSE (score) on the y-axis, displaying a negative correlation with R squared equals 0.236. Panel B presents ΔLDH (U/L) versus ΔMoCA (score), revealing a less pronounced negative trend, R squared equals 0.148. Panel C plots ΔHcy (µmol/L) against ΔFAB (score), also indicating a negative correlation, R squared equals 0.236. Panel D depicts ΔLDH (U/L) versus ΔFAB (score), with a stronger negative relationship, R squared equals 0.276. Panel E plots ΔLDH (U/L) against ΔEDS (score), showing a slight negative trend, R squared equals 0.112. Panel F presents ΔLDH (U/L) versus ΔBDS (score), also with a weak negative trend, R squared equals 0.123. Each scatter plot includes a line representing linear regression with the corresponding equation.]
Figure 3 | Correlations between changes in cognitive performance and biochemical markers following iTBS treatment. (A) Correlation between changes in Mini-Mental State Examination (ΔMMSE) and lactate dehydrogenase (ΔLDH) levels (r = –0.488, p = 0.003). (B) Correlation between changes in Montreal Cognitive Assessment (ΔMoCA) and ΔLDH levels (r = –0.384, p = 0.021). (C) Correlation between changes in Frontal Assessment Battery (ΔFAB) and homocysteine (ΔHcy) levels (r = –0.486, p = 0.003). (D) Correlation between changes in ΔFAB and ΔLDH levels (r = –0.525, p = 0.001). (E) Correlation between changes in forward digit span (ΔFDS) and ΔLDH levels (r = –0.334, p = 0.046). (F) Correlation between changes in backward digit span (ΔBDS) and ΔLDH levels (r = –0.351, p = 0.036). Each panel illustrates a significant or near-significant relationship between cognitive improvement and biochemical modulation after intermittent theta-burst stimulation (iTBS). Pearson’s correlation analysis revealed that greater reductions in serum LDH and Hcy were associated with larger gains in global cognition, executive function, and working memory. Solid lines represent the best-fit linear regression. r and p values are based on Pearson’s correlation analysis; mean ± SD values are used for descriptive reference. iTBS, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; FDS, forward digit span; BDS, backward digit span; Hcy, homocysteine; LDH, lactatedehydrogenase.

All statistical tests were two-tailed, and a p value < 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics

As shown in Table 1, no significant differences were found between the iTBS and sham groups in sex distribution, stroke type, age, time since stroke onset, years of education, or baseline MMSE scores (all p > 0.05). These results indicate good baseline comparability between the two groups prior to intervention.




3.2 Changes in global cognition and daily function

After the 4-week intervention, both groups demonstrated significant within-group improvements in MMSE, MoCA, FAB, and BI scores compared with baseline (all p < 0.001). However, post-treatment comparisons revealed that the iTBS group achieved significantly greater gains than the sham group across all four scales (Table 3, Figure 4A).

[image: Grouped bar charts display changes in various cognitive and biochemical measures before and after interventions for iTBS and sham groups. Section A shows MMSE, MoCA, FAB, and BI scores, all significantly improving after iTBS, but not in the sham group. Section B includes FDS, BDS, Delayed Recall, and Attention scores, with significant increases in FDS, BDS, and Attention after iTBS. Section C presents Hcy, CRP, and LDH values, with LDH significantly reduced in the iTBS group after intervention. Significance is marked by double asterisks. Error bars represent variability.]
Figure 4 | Comparison of cognitive, memory, and biochemical outcomes before and after treatment in the iTBS and sham groups. (A) Comparison of cognitive function and activities of daily living scores before and after treatment in the two groups. (B) Comparison of memory and attention scores before and after treatment in the two groups. (C) Comparison of serum biochemical indicators before and after treatment in the two groups. Values are presented as mean ± SD. **Indicates a statistically significant difference between groups (P < 0.05). iTBS, intermittent theta-burst stimulation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; BI, Barthel Index; FDS, forward digit span; BDS, backward digit span; Hcy, homocysteine; CRP, C-reactive protein; LDH, lactatedehydrogenase.

The two-way mixed General Linear Model (GLM) confirmed significant main effects of Time for all cognitive and functional measures (all p < 0.001), indicating overall improvement after treatment. Moreover, significant Time × Group interactions for MMSE (F = 9.26, p = 0.003, partial η² = 0.121), MoCA (F = 4.503, p = 0.038, partial η² = 0.063), and BI (F = 7.801, p = 0.007, partial η² = 0.104) suggest that iTBS combined with cognitive training led to greater cognitive and functional improvements than sham stimulation (Table 2).




3.3 Changes in memory and attention subdomains

Baseline performance on the FDS, BDS, delayed recall, and attention subscores did not differ significantly between groups (all p > 0.05). Following intervention, both groups exhibited significant within-group improvements in all subdomains (all p < 0.05).

Between-group comparisons indicated that the iTBS group showed significantly greater improvements in FDS, BDS, and attention scores compared with sham (all p < 0.05), whereas differences in delayed recall did not reach significance (Table 3, Figure 4B).

GLM analysis demonstrated significant Time effects for all subdomains (all p < 0.001) and significant Time × Group interactions for FDS (F = 5.281, p = 0.025, partial η² = 0.073) and BDS (F = 14.827, p < 0.001, partial η² = 0.181), confirming that working-memory was more pronounced following iTBS treatment (Table 2).




3.4 Changes in serum biochemical markers

At baseline, serum concentrations of Hcy, CRP, and LDH were comparable between the two groups (all p > 0.05). After 4 weeks of intervention, both groups exhibited significant within-group reductions in these inflammatory biomarkers (all p < 0.05).

Notably, LDH levels decreased significantly more in the iTBS group than in the sham group (p < 0.05), while intergroup differences for Hcy and CRP were not statistically significant (Table 3, Figure 4C).

GLM results further supported a significant main effect of Time for all three markers (all p < 0.001), reflecting overall reduction after treatment, and a trend toward greater LDH reduction in the iTBS group (F = 2.899, p = 0.093, partial η² = 0.041; Table 2).




3.5 Correlations between cognitive and biochemical changes

To explore potential mechanistic relationships, Pearson correlation analyses were conducted between Δ scores in cognitive and biochemical measures (Table 4, Figure 3).

In the iTBS group, improvements in global and executive cognitive functions (ΔMMSE, ΔMoCA, ΔFAB, ΔFDS, ΔBDS) were significantly correlated with decreases in serum LDH (all r = –0.33 to –0.53, p < 0.05), while ΔFAB also correlated with reductions in Hcy (r = –0.486, p = 0.003). These associations suggest that cognitive gains were accompanied by biochemical modulation, particularly LDH reduction.

In contrast, in the sham group, ΔMMSE, ΔMoCA, ΔFDS, and ΔAttention were positively correlated with ΔHcy (r = 0.38–0.69, all p < 0.05), indicating that lesser Hcy reduction was associated with poorer cognitive improvement.





4 Discussion



4.1 Clinical significance and rationale

Early intervention in PSCI is crucial to prevent progression to vascular dementia or mixed-type Alzheimer’s disease. While rTMS has shown general benefits for cognitive deficits, evidence for iTBS in PSCI remains scarce. This study demonstrates that both groups experienced significant improvements in global cognition, with the iTBS group showing superior gains compared to sham stimulation. These findings suggest that iTBS may exert more potent neuromodulatory effects on cognitive recovery in PSCI, supporting its potential as an adjunctive non-pharmacological approach.




4.2 Neurophysiological mechanisms: left DLPFC, theta entrainment, and precision targeting

Our hypothesis—that restoring theta-frequency synchronization within the left DLPFC facilitates cognitive recovery—was supported by the present findings and aligns with emerging neurophysiological evidence. Consistent with previous meta-analyses, excitatory TMS targeting the left DLPFC has been shown to produce stronger improvements in global cognition, memory, attention, and executive control in PSCI patients compared with right-hemisphere or non-frontal stimulation sites (46). In line with this, recent randomized controlled trials reported that iTBS applied over the left DLPFC, when combined with structured cognitive training, enhanced global and executive functions and increased P300 amplitudes while shortening latency, suggesting improved neural efficiency and cognitive processing speed (47). A high-dose, individualized iTBS protocol guided by functional connectivity mapping of the fronto-cognitive network further yielded robust cognitive benefits without adverse effects (10).

Mechanistically, theta-patterned stimulation delivered intermittently is thought to entrain endogenous oscillations within the theta band (4–7 Hz) and promote long-term potentiation (LTP)-like plasticity in prefrontal–limbic circuits. This network-level modulation extends beyond local cortical excitability and may underlie the observed behavioral improvements in executive and working-memory domains. Functional near-infrared spectroscopy (fNIRS) and EEG studies have demonstrated that iTBS induces increased activation in frontopolar, orbitofrontal, and anterior cingulate regions, correlating with improvements on functional scales such as BI and LOTCA (48, 49). These findings underscore the distributed neuroplastic response of the DLPFC-centered control network following theta-burst entrainment.

Our study adds further evidence by showing that iTBS-induced cognitive gains were accompanied by significant reductions in serum lactate dehydrogenase (LDH) and homocysteine (Hcy), both of which have been linked to oxidative stress and neural injury. The significant negative correlations between ΔLDH and Δcognitive scores in the iTBS group suggest that cortical neuroplastic recovery may be associated with systemic metabolic normalization and anti-inflammatory modulation. This observation complements prior reports indicating that prefrontal stimulation enhances mitochondrial efficiency and downregulates peripheral stress markers (50, 51).

Taken together, these results support the notion that precision-targeted iTBS over the left DLPFC can recalibrate disrupted frontoparietal and limbic circuits through theta-band entrainment and metabolic modulation, leading to functional and biochemical recovery in PSCI patients. The clinically practical protocol adopted in this study (1200 pulses at 80% RMT over the left DLPFC) further demonstrates real-world feasibility for integrating neuromodulation into cognitive rehabilitation frameworks.




4.3 Domain-specific cognitive recovery: working memory, executive function, and everyday function

Our trial demonstrated that iTBS significantly enhanced working memory (FDS, BDS), executive processing (FAB), and activities of daily living (BI) more than sham stimulation. These findings are consistent with the growing literature demonstrating that iTBS targeted to the left DLPFC can selectively improve higher-order cognitive domains in PSCI and related populations (46, 52).

A recent three-arm RCT at Peking University directly compared high-dose (3600 pulses/day) iTBS, standard-dose (1200 pulses/day) iTBS, and sham controls in PSCI patients. Both active groups improved on MoCA, but the high-dose strategy produced significantly greater gains versus control and the standard-dose arm (10). Improvements extended across secondary outcomes including Wechsler Memory Scale and WAIS working-memory indices, showing a dose-dependent effect on memory and executive domains. Meanwhile, a network meta-analysis synthesizing data from 12 RCTs (n ≈ 506) concluded that iTBS and conventional rTMS both significantly improve global cognition and daily functioning in PSCI, but with stronger effect sizes for executive and working-memory components in iTBS-treated patients, although heterogeneous methodology limits conclusions (53, 54).

Moreover, an iTBS-plus-cognitive-training study in NeuroRehabilitation (2023–2024) using fNIRS demonstrated that combined treatment enhanced visuomotor organization and thinking operations (LOTCA domains), accompanied by activation changes in left DLPFC, prefrontal polar cortex and Broca’s region — brain areas implicated in executive and working-memory control (9). In parallel, a meta-analysis of post-stroke iTBS for upper limb motor recovery reported concomitant improvements in BI, reinforcing the link between enhanced executive-motor integration and daily function recovery (55). Lastly, broader reviews in stroke rehabilitation confirm that domain-focused cognitive interventions, whether behavioral or neurostimulatory, yield selective enhancements in memory and executive subdomains and daily functioning — with iTBS showing particular promise for working-memory transfer and functional independence (48).

Thus, our results align with and extend the existing body of evidence, indicating that left DLPFC-applied iTBS facilitates not only global cognition but selectively bolsters working memory and executive control, translating into meaningful gains in everyday function. These cognitive-domain level improvements support the mechanistic rationale of hemispheric excitation balance re-establishment and network-level synchronization integration in rehabilitation.




4.4 Anti-inflammatory and neuroprotective mechanisms of iTBS: biochemical modulation and cognitive coupling in PSCI

Our findings indicate that iTBS significantly reduced serum LDH levels compared with sham stimulation, while Hcy and CRP decreased in both groups without statistically significant intergroup differences. Importantly, correlation analyses revealed that reductions in LDH and Hcy were significantly associated with improvements in global cognition (ΔMMSE, ΔMoCA) and executive-working-memory performance (ΔFAB, ΔFDS, ΔBDS), suggesting a biochemical–behavioral coupling mechanism (Table 4, Figure 3).

A 2024 meta-analysis of repetitive TMS (rTMS) across various neurological and psychiatric disorders reported consistent improvements in peripheral inflammatory markers alongside cognitive gains, underscoring the potential of inflammation modulation to mediate clinical recovery (18, 56). In patients with PSCI, a prospective South Korean trial applying high-frequency rTMS over the ipsilesional DLPFC documented significant reductions in blood IL-6 and IL-1β immediately after treatment, which remained lower at three months and correlated strongly with improvements in verbal memory and visuospatial functioning (57).

Although cytokine studies have dominated the literature, large-scale cohort investigations demonstrate that elevated CRP and Hcy are independent predictors of early cognitive decline after stroke. For example, the Nor-COAST study (2023–2024) found that higher CRP-to-lymphocyte and globulin-to-lymphocyte ratios were associated with increased PSCI risk (4). Our results extend this evidence by showing that iTBS-induced reductions in LDH may reflect enhanced neuronal integrity and reduced oxidative injury. LDH serves as a metabolic stress marker reflecting both astrocytic glycolytic activity and tissue hypoxia; its decline may indicate improved cerebral energy metabolism and reduced cell-damage load following neuromodulation.

While LDH has been less extensively studied, its elevation is widely recognized as a marker of neuronal injury and tissue hypoxia, and reductions may reflect improved cellular integrity. Recent neurophysiological evidence shows that rTMS applied to cortical motor and prefrontal regions can modulate oxidative stress and decrease serum LDH activity, paralleling behavioral recovery (58). This aligns with our observation that greater LDH reductions corresponded to stronger cognitive improvements, implying that metabolic restoration is an integral component of the neuroplastic response. Animal data further confirm that low-frequency rTMS can suppress LDH release and improve memory and learning after ischemia-hypoxia (56, 59).

In summary, this study is among the first to quantitatively evaluate Hcy, CRP, and LDH as systemic biomarkers of iTBS treatment in PSCI. The pronounced LDH reduction and its strong correlation with cognitive recovery support the hypothesis that iTBS ameliorates neuronal injury and metabolic dysregulation through both central (neuroplasticity, theta entrainment) and systemic (anti-oxidative, anti-inflammatory) pathways. These findings provide mechanistic insight into how iTBS facilitates cognitive rehabilitation and identify LDH as a promising candidate biomarker for monitoring neuromodulation efficacy in PSCI.





5 Advantages, tolerance and limitations

The iTBS paradigm features shorter duration, focused rhythmic pulses and higher patient tolerability compared to conventional rTMS, as reflected by lower dropout rates and better subjective acceptability in this trial. Its theta-rhythm alignment may improve precision targeting and cortical entrainment efficiency. However, the study limitations include: lack (1) Although the original power analysis estimated 78 participants to achieve sufficient statistical power, only 72 were enrolled and 69 completed the study. This modest shortfall may have slightly reduced the power to detect smaller between-group effects. To address this limitation, the analysis was strengthened using a two-way mixed General Linear Model (GLM), which accounts for both within- and between-subject variance and enhances the robustness of inference; (2) of neuroimaging validation to objectively confirm cortical activation changes; (3) absence of individualized stimulation parameter optimization (e.g., target site, intensity, frequency); and (4) enrollment solely of general cognitive impairment without subtype stratification (e.g., visuospatial deficits or calculation impairment), and limited assessment tools.




6 Future directions

Future research should incorporate neuroimaging (e.g., EEG or fMRI) to map iTBS-induced network changes and confirm engagement in cognitive circuits. Stratified RCTs comparing customized stimulation parameters across cognitive subtypes would enhance precision rehabilitation. Additionally, larger and longer-term studies are needed to establish optimal frequency selection (e.g., comparing 2, 5, 6 Hz), dose-response relationships, and durability of effects.
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Background

Pica is a complex behavioral condition with both psychological and biological components, characterized by the persistent ingestion of non-nutritive substances. It often coexists with other mental health conditions, and when left untreated, may lead to life-threatening medical complications. While gastrointestinal obstruction is a known outcome, intussusception caused by pica is extremely rare, particularly in adolescents.





Case presentation

We report a case of a 13-year-old Middle Eastern girl of mixed Emirati Indonesian descent, with a history of emotional distress and familial instability, who presented with persistent abdominal pain and vomiting. Imaging revealed an intussusception caused by foreign bodies extending from the stomach to the duodenum. The patient underwent emergency laparotomy, during which multiple ingested objects were removed, including hair ties, shoelaces, and a thin metal wire. A postoperative psychiatric evaluation led to a diagnosis of pica and major depressive disorder. Cognitive Behavioral Therapy (CBT) was initiated shortly after diagnosis, and the patient demonstrated significant clinical improvement, including cessation of pica behaviors without pharmacological intervention.





Conclusion

This case demonstrates the rarity of intussusception as a surgical complication of pica and highlights the importance of early psychiatric assessment and coordinated multidisciplinary care. The patient’s recovery was facilitated by timely psychosocial intervention, with marked improvement following the introduction of CBT.
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Introduction

Pica is characterized by the chronic ingestion of non-food, non-nutritive substances and is often linked to underlying psychological distress or neurodevelopmental abnormalities. Although frequently classified as a psychiatric condition, the behavioral manifestations of pica can result in life-threatening medical complications if left untreated. The ingestion of foreign objects may lead to gastrointestinal toxicity, obstruction, or other serious outcomes. This case describes an uncommon and acute presentation of pica in a teenage girl with a history of emotional distress, dysfunctional family dynamics, and untreated major depressive disorder. Her persistent ingestion of hair ties and shoelaces culminated in an urgent surgical intervention for intussusception.





Case presentation

A 13-year-old Middle Eastern girl was admitted on January 12, 2025, with a three-day history of abdominal pain and vomiting. On physical examination, her abdomen was soft, and her vital signs were within normal limits: temperature 36.7 °C, heart rate 85 bpm, respiratory rate 22 breaths per minute, blood pressure 113/70 mmHg, and oxygen saturation 98%. She was underweight, with a height of 156 cm, weight of 40.15 kg, and BMI of 16. An abdominal CT scan revealed intussusception caused by suspected foreign bodies extending from the stomach to the duodenum. Initial conservative management, including fluid resuscitation and close observation, was attempted in the emergency department; however, symptoms persisted, and surgical intervention was subsequently scheduled.

On January 13, 2025, the patient underwent a laparotomy involving multiple enterotomies and a gastrostomy, during which various foreign objects were removed, including hair ties, shoelaces, and a thin metal wire. The procedure was completed without complications.

Postoperatively, she remained clinically stable, tolerated oral intake, and showed no signs of infection or abdominal tenderness. Her recovery was uneventful, and she was monitored in the pediatric ward until January 20.

Due to the nature of the ingested materials and concerns about intentional behavior, a psychiatric consultation was initiated postoperatively. The patient disclosed that she had been living with her father and stepsiblings following the death of her mother in 2019. Both she and the household maid reported longstanding emotional distress, stemming from familial instability and psychosocial stressors. The patient described persistent low mood, frequent crying spells, and social withdrawal. She had begun ingesting hair ties approximately three years earlier as a means of coping with stress. Eight months prior to admission, she developed suicidal ideation without taking action and engaged in self-harming behaviors using sharp objects, resulting in visible scars. She denied any suicidal intent or substance use.

During psychiatric evaluation, she was cooperative and maintained good eye contact, with normal speech and behavior. Her affect was low, but there were no signs of hallucinations or delusions. Cognition, insight, and judgment were intact. Standardized assessments were administered, yielding the following scores: Beck Depression Inventory (BDI) – 32 (severe depression), Beck Anxiety Inventory (BAI) – 44 (severe anxiety), and Yale-Brown Obsessive Compulsive Scale (Y-BOCS) – 22 (moderate OCD symptoms). Risk assessment revealed no immediate threat to self or others. Based on clinical evaluation and standardized tools, she was diagnosed with pica and major depressive disorder, as per DSM-5 criteria. Psychoeducation and reassurance were provided, and a follow-up plan for outpatient psychiatric care was arranged.

She was discharged on January 20, 2025, with continued management of postoperative pain and constipation.

The patient’s physical recovery remained stable. An abdominal X-ray performed on February 24, 2025, revealed a normal gas pattern, without air-fluid levels, free air, or radio-opaque shadows, indicating no residual surgical complications. However, she continued to report constipation, prompting referral to pediatric gastroenterology. Additional referrals were made to gynecology for excessive menstrual bleeding and to dermatology for acne vulgaris. Her nutritional workup showed ferritin at 19.1 pmol/L, at the lower limit of normal, and zinc at 82.06 µg/dL (reference range: ≥44 µg/dL), indicating adequate micronutrient levels. Dermatological evaluation attributed her acne to inadequate skin hygiene rather than nutritional or endocrine causes, while gynecological assessment found no underlying abnormalities. Constipation improved with dietary regulation and behavioral modification.

During psychiatric follow-up, Cognitive Behavioral Therapy (CBT) was initiated as outpatient care, without pharmacological treatment. The patient showed steady clinical improvement, including mood stabilization and cessation of pica behavior (Figures 1, 2). She denied ongoing suicidal ideation or self-harm. In one follow-up visit, her father attended and shared additional context regarding family dynamics, including emotional unavailability, unstable personal relationships, and alcohol use—factors contributing to her long-term emotional distress.

[image: Timeline chart showing key psychiatric and medical events over approximately three years, including initial low mood and hair ingestion, periods of suicidal thoughts and self-harm, admission, laparotomy, psychiatric evaluation, discharge, X-ray follow-up, initiation of cognitive behavioral therapy, stability markers such as no pica and stable mood, and maintained CBT.]
Figure 1 | Clinical timeline of the case.

The patient’s surgical wound healed well, and subsequent abdominal examinations were unremarkable. A multidisciplinary care approach—encompassing surgery, psychiatry, pediatrics, gastroenterology, gynecology, and dermatology—proved essential in addressing both the acute and underlying conditions. Her long-term management plan emphasized continued psychiatric follow-up, structured psychotherapy, and strengthened family support.

Goals included preventing relapse, enhancing emotional regulation, and addressing the psychosocial contributors to her behavioral dysregulation.





Intervention and psychotherapeutic management

Following the diagnosis of pica and major depressive disorder, the patient was enrolled in outpatient psychotherapy without pharmacological treatment. The therapeutic approach was grounded in Cognitive Behavioral Therapy (CBT) and focused on addressing both the behavioral symptoms and underlying emotional distress.

CBT was initiated in March 2025, and the patient completed four sessions of cognitive restructuring prior to relocation in June 2025 (Figure 2). Each session lasted approximately 45–50 minutes and targeted persistent negative automatic thoughts related to low self-esteem, self-blame, and hopelessness. Through guided exercises and therapist-facilitated reflection, she learned to identify maladaptive beliefs and replace them with more adaptive, reality-based alternatives. These sessions aimed to enhance self-awareness, build self-efficacy, and improve emotional regulation.

[image: Timeline graphic showing psychiatric care milestones from January to August. Events include initial evaluation with low mood and self-harm, start of CBT, mood improvement, no suicidal thoughts, resolution of pica, stable behavior, and maintenance of therapy with stable mood.]
Figure 2 | Psychiatric and behavioral progress over time.

In parallel, psychoeducation was provided to the patient’s father to increase his understanding of the emotional and behavioral impact of neglectful caregiving, unresolved grief, and ongoing family instability. This intervention addressed the role of parental availability and support in adolescent mental health, while also promoting insight into the consequences of his own inconsistent involvement and alcohol misuse.

As part of the family-focused intervention, the patient was relocated in June 2025 to live with her paternal aunt, a retired teacher who was aware of her brother’s behavioral challenges. This move provided a more stable and supportive environment, marking a pivotal point in her recovery. The aunt implemented several positive adjustments in the patient’s life, including improved self-hygiene routines, structured academic support, and social enrichment activities such as family outings and travel. In-person follow-up continued until August 2025, during which the patient maintained behavioral stability, emotional improvement, and full remission of pica symptoms.

Following these interventions, the pica behaviors ceased entirely, with the exception of a single episode during a family gathering where sensitive family issues were discussed. The brief relapse episode, in which the patient chewed a hairband, appeared to be triggered by emotional distress during the gathering that reminded her of prior stressful experiences within her household. This situational cue likely reactivated conditioned associations between anxiety and oral self-soothing behaviors, consistent with stress-induced regression mechanisms described in pica and related impulse-control disorders. On that occasion, the patient chewed, but did not swallow the hairband, reflecting a markedly diminished behavioral response to psychological stress. Understanding such context-dependent triggers is essential in relapse prevention, as it highlights the role of emotional memory and environmental cues in symptom re-emergence.

Overall, the therapeutic response was favorable, and no pharmacologic treatment was required.

The combination of trauma-informed CBT, family restructuring, and psychoeducation yielded clinically meaningful improvement in mood, coping strategies, and behavioral regulation.





Discussion

This case highlights a rare but serious presentation of pica, where persistent ingestion of non-food items—hair ties and shoelaces—served as a maladaptive coping mechanism amid familial stress and emotional distress, ultimately causing intussusception requiring surgical intervention. Psychiatric care was essential to address the underlying behavioral and mood disorders.

According to DSM-5, pica involves persistent ingestion of non-nutritive substances for at least one month, developmentally inappropriate and not culturally normative. It commonly involves items like dirt, hair, or ice, and may be linked to nutritional deficiencies such as iron anemia.

Pica can co-occur with neurodevelopmental disorders or psychiatric conditions and warrants independent clinical attention (1–3).

Neurobiologically, pica shares features with compulsive disorders and impulse control deficits. Dysfunction in cortico-striatal-thalamo-cortical circuits and dysregulated dopamine signaling in prefrontal regions impair behavioral inhibition and gratification delay, aligning pica with conditions such as ADHD and binge-eating disorder (4–6). The behavior may initially provide sensory pleasure and emotional relief, reinforcing compulsive ingestion via dopamine-mediated reward pathways, eventually shifting into habitual automaticity akin to substance use disorders (6, 7).

Neuroimaging implicates altered activity in brain areas responsible for reward processing, impulse control, emotional regulation, and interoception—including the ventral tegmental area, nucleus accumbens, prefrontal cortex, insula, anterior cingulate cortex, and amygdala—which collectively contribute to the persistence of pica behaviors and stress vulnerability (6, 7).

Psychologically, pica often functions as a maladaptive coping mechanism for emotional distress, anxiety, or boredom, sharing characteristics with self-injurious behaviors like NSSI by providing sensory grounding or emotional numbing without explicit intent to self-harm (8, 9). In this case, the patient used ingestion to manage overwhelming family stress rather than deliberate self-injury.

Childhood trauma, adverse experiences, and family dysfunction significantly increase vulnerability to pica by disrupting emotional regulation and fostering compulsive coping behaviors. Insecure attachment patterns further exacerbate these risks, with trauma-informed frameworks viewing pica as an adaptive response to dysregulated arousal and emotional pain (10–12).

The patient’s mixed Emirati–Indonesian background may have shaped both symptom expression and family attitudes toward psychiatric care. In Middle Eastern societies, mental health concerns are often associated with stigma, leading families to initially attribute behavioral changes to stress or spiritual causes rather than psychological disorders. Similarly, collectivist cultural values emphasizing family privacy may delay professional help-seeking until symptoms become severe. Awareness of these cultural dynamics is crucial for clinicians working in the Gulf region, as culturally sensitive psychoeducation and family engagement can significantly enhance adherence and reduce relapse risk.

Though gastrointestinal complications from pica are uncommon, they can be life-threatening, as shown in reported cases involving bezoars, obstruction, and intussusception requiring surgical intervention, especially among individuals with neurodevelopmental or psychiatric comorbidities (13–15). Our patient’s successful multidisciplinary care adds to this body of evidence.

While this comparative analysis provides valuable insights into the psychiatric and medical management of pica, certain limitations should be acknowledged. As this report only details one case, its findings cannot be generalized to all patients with pica. Furthermore, relying on self-reported ingestion history may result in recall bias or underreporting, especially given the behavioral and emotional elements at play Nonetheless, the consistency of clinical findings, imaging results, and surgical outcomes supports the validity of the observed associations.

Comparative analysis of similar cases reveals variability in ingestion patterns, psychiatric comorbidities, and treatment responses. Notably, our adolescent patient achieved remission of pica behaviors and mood stabilization with cognitive behavioral therapy (CBT) alone, within a multidisciplinary framework—a contrast to cases requiring pharmacotherapy or limited psychiatric follow-up.

Routine psychiatric screening and integrated multidisciplinary management—including psychiatry, pediatrics, surgery, and nutrition—are critical to improve diagnosis, prevent complications, and optimize outcomes (16–19). Evidence-based psychotherapeutic approaches (CBT, trauma-focused therapies) combined with pharmacological treatments for comorbid mood and anxiety disorders and nutritional supplementation (especially iron) constitute the foundation of effective care.

Despite growing awareness of pica’s medical risks, it remains under recognized as an early behavioral indicator of serious psychological morbidity. This case underscores the importance of early identification and intervention in vulnerable youth to prevent progression to severe medical and psychiatric complications and to improve long-term prognosis.





Conclusion

Pica, though primarily considered a behavioral and psychiatric condition, can result in life-threatening medical complications when left unrecognized. >This case demonstrates a rare and severe surgical consequence of pica, manifesting as intussusception caused by the ingestion of hair ties and shoelaces. Emergency laparotomy was required, followed by comprehensive psychiatric evaluation, which revealed a comorbid major depressive disorder.

Early initiation of cognitive behavioral therapy (CBT) resulted in rapid and sustained improvement, with cessation of pica behaviors and mood stabilization, without the need for pharmacologic treatment. This outcome underscores the critical importance of timely psychiatric assessment in adolescents presenting with unusual behavioral symptoms, particularly those with histories of trauma, loss, or neglect (20, 21).

The case also highlights the effectiveness of a multidisciplinary approach—including psychiatry, surgery, pediatrics, gastroenterology, dermatology, and family intervention—in promoting recovery and preventing relapse. Additionally, it brings attention to an underexplored area in the literature: the potential of pica as an early behavioral indicator of significant psychological or emotional distress. Although this case suggests that pica behaviors may reflect early signs of psychosocial disturbance, establishing this connection requires longitudinal and multi-center studies. Further research is needed to evaluate whether early identification of pica could improve risk stratification and guide preventative mental health interventions in vulnerable populations (22, 23).
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Objective

Attention-Deficit/Hyperactivity Disorder (ADHD) involves inattention (IA) and hyperactivity-impulsivity (HI), which may be linked to distinct developmental and behavioral profiles. This study examined the demographic, cognitive, sleep, and behavioral factors associated with IA and HI symptoms among children.





Methods

A cross-sectional sample of 331 children aged 6–12 years (mean = 8.72 ± 1.45 years; 84.6% male), diagnosed with ADHD, participated in this study between December 2020 and December 2022. ADHD symptoms were assessed via Swanson, Nolan, and Pelham Rating Scale-IV (SNAP-IV); cognitive function with Chinese version of the Das-Naglieri Cognitive Assessment System (DN: CAS); sleep via the Sleep Disturbance Scale for Children (SDSC); and behavior using the Conners Parent Symptom Questionnaire (PSQ).





Results

Regression analyses showed that HI symptoms were negatively associated with age (β = –0.197, p < 0.001) and higher in boys (β = –0.156, p = 0.004), while IA symptoms remained stable across age and gender. IA was significantly related to attentional deficits (β = –0.146, p = 0.037) and learning problems (β = 0.471, p < 0.001). HI showed stronger associations with conduct problems (β = 0.411, p < 0.001), sleep-wake disturbances (β = 0.164, p = 0.003), and low anxiety (β = –0.121, p = 0.033).





Conclusion

These findings support dimension-specific understanding and targeted management of ADHD symptoms.





Keywords: ADHD, inattention, hyperactivity-impulsivity, cognitive function, sleep disturbances





Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder characterized by symptoms of inattention and hyperactivity-impulsivity, affecting approximately 5%-7% of school-aged children globally (1, 2). Regional variations exist, with approximately 10% prevalence in the United States (3) and 6.4% in China (4). Despite clear diagnostic criteria (DSM-5, ICD-11), ADHD treatment depends on parent-reported symptoms, and their remission is key to better function and quality of life (5). However, significant symptom heterogeneity complicates diagnosis and treatment, necessitating investigations into underlying influencing factors.

Both the executive function hypothesis and the cognitive processing theory posit that cognitive functional deficits are considered the core impairments of ADHD, with cognitive deficits potentially serving as endophenotypes of ADHD. A recent systematic review identified consistent executive function (EF) impairments in children with neurodevelopmental disorders, particularly in attention, response inhibition, working memory, and planning (6). These EF deficits correlate with ADHD core symptoms. Emerging evidence suggests symptom dimension–specific neural substrates: inattention is linked to deficits in attentional control, whereas hyperactivity-impulsivity is associated with impaired response inhibition (7). Complementing the EF framework, the cognitive processing theory proposes that disruptions in distinct cognitive operations—such as planning, attention, and successive processing—underlie ADHD pathology. Empirical studies using cognitive processing assessments have confirmed these deficits in children with ADHD (8, 9). However, the direct relationships between cognitive processing components and specific ADHD symptom dimensions remain less thoroughly explored than EF-based models. Clarifying these associations may deepen our understanding of the distinct cognitive-neural mechanisms underlying inattention and hyperactivity-impulsivity.

Comorbidities, notably behavioral issues and sleep disorders, frequently co-occur with ADHD, complicating clinical presentations and potentially exacerbating ADHD symptom severity. Approximately 50%-90% of children with ADHD exhibit at least one comorbid condition, such as learning disabilities, oppositional defiant disorder (ODD), or anxiety disorders (4, 10, 11). Additionally, prevalent sleep disturbances like difficulty initiating and maintaining sleep, excessive daytime somnolence, and sleep-wake transition disorders significantly correlate with worsened ADHD symptoms (12–15). These issues highlight the importance of comprehensively understanding how cognitive, behavioral, and sleep-related factors collectively influence ADHD symptom profiles.

However, critical gaps remain regarding the interactive roles of demographic characteristics, cognitive functioning, sleep disturbances (when considered as specific phenotypes rather than a unitary construct), and behavioral comorbidities in shaping ADHD symptomatology. In particular, the differential effects of discrete sleep phenotypes (e.g., disorders of initiating and maintaining sleep [DIMS], disorders of excessive somnolence [DOES], and sleep–wake transition disorders [SWTD]) and the modulatory role of emotional profiles—such as the reported inverse association between anxiety and hyperactivity-impulsivity—have been understudied. Addressing these gaps is pivotal for advancing precision diagnostics and developing tailored interventions. Therefore, in the present study we adopt a multidimensional framework that integrates demographic, cognitive (DN: CAS), sleep (SDSC subscales), and behavioral (Conners PSQ) measures to examine predictors of inattention and hyperactivity-impulsivity, with particular attention to specific sleep phenotypes and the low-anxiety/high-impulsivity relationship. This focused, integrative approach aims to clarify symptom-specific pathways and inform more individualized assessment and intervention strategies.





Materials and methods




Study design

This cross-sectional study was conducted at the outpatient Cognitive Center of Guangxi Zhuang Autonomous Region People’s Hospital, between December 2020 and December 2022. The research protocol was approved by the Ethics Committee of the People’s Hospital of Guangxi Zhuang Autonomous Region (Approval No.: KY-ZC-2017-33).





Participants

Children aged 6 to 12 years who presented to the clinic during the study period were screened for eligibility. Inclusion criteria were: (1) diagnosis of ADHD based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), confirmed by two attending psychiatrists using the Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS); (2) currently enrolled in elementary school (grades 1–6); (3) no use of ADHD medication in the past month; (4) full-scale IQ ≥70, assessed by the Chinese Wechsler Intelligence Scale for Children-Revised (WISC-CR) (16), and (5) absence of comorbid neurological or psychiatric disorders (e.g., autism spectrum disorder, epilepsy, schizophrenia), severe medical conditions (e.g., genetic syndromes, endocrine disorders), or current use of psychotropic medications. Exclusion criteria during the study included unwillingness to complete all assessments, withdrawal of consent, or loss to follow-up.





Measurement tools

ADHD core symptoms were assessed using the Swanson, Nolan, and Pelham Rating Scale-IV (SNAP-IV), a validated 18-item parent-report questionnaire evaluating inattention and hyperactivity-impulsivity symptoms. Each item is rated on a 4-point Likert scale (0 = not at all, 3 = very much), with higher mean scores reflecting greater symptom severity (17).

Sleep disturbances were measured using the Sleep Disturbance Scale for Children (SDSC), a 26-item parent-report tool that evaluates six domains: disorders of initiating and maintaining sleep (DIMS), sleep breathing disorders (SDB), sleep–wake transition disorders (SWTD), disorders of arousal (DA), disorders of excessive somnolence (DOES), and nocturnal hyperhidrosis (SHY). Each item is rated on a 5-point Likert scale, and higher scores indicate more severe disturbances (18, 19).

Behavioral problems were assessed using the Conners Parent Symptom Questionnaire (PSQ), which includes subscales for conduct problems, learning problems, psychosomatic symptoms, and anxiety. Items are rated on a 4-point Likert scale (0 = never, 3 = frequently), with higher scores indicating greater behavioral difficulties (20).

Cognitive function was evaluated using the Chinese version of the Das-Naglieri Cognitive Assessment System (DN: CAS), which is based on the PASS theory and measures four domains (P: planning, SIM: simultaneous processing, AIT: attention, and SUS: successive processing). Each domain consists of three tasks. Raw scores were converted into standard scores (M = 100, SD = 15), with lower scores indicating greater cognitive impairment (21).

IQ was assessed using the WISC-CR, which yields Verbal IQ, Performance IQ, and Full-Scale IQ scores. Only children with Full-Scale IQ ≥70 were included (16).





Outcomes

The primary outcomes were the severity of ADHD core symptoms, including inattention and hyperactivity-impulsivity, as measured by the mean scores on the corresponding subscales of the SNAP-IV questionnaire. These scores were used as continuous dependent variables in correlation and regression analyses.





Statistical analysis

All statistical analyses were performed using SPSS 23.0 and Zstats software. Non-normally distributed continuous variables were reported as median with interquartile range (IQR). Spearman correlation analysis was used to explore associations among ADHD symptoms, cognitive function, sleep disturbance phenotypes, and behavioral problems. To assess the independent and cumulative effects of demographic, cognitive, sleep, and behavioral factors on ADHD symptoms, hierarchical multiple regression analyses were conducted. In each regression, inattention and hyperactivity-impulsivity symptoms were entered separately as dependent variables. Model 1 included demographic variables (gender and age); Model 2 added cognitive processing scores (planning, attention, simultaneous, and successive processing); Model 3 included sleep variables (DIMS, SDB, SWTD, DA, DOES, SHY); and Model 4 added behavioral problems (conduct, learning, psychosomatic symptoms, anxiety). Statistical significance was set at p < 0.05.






Results




Demographic and clinical characteristics

A total of 331 children diagnosed with ADHD were included in the final analysis. The mean age was 8.72 ± 1.45 years (range: 6–12), and the majority were male (n = 280, 84.6%). On the SNAP-IV, the median total score across all 18 items was 1.61 (IQR: 1.28–2.00). Inattention symptoms were more severe than hyperactivity-impulsivity symptoms, with median scores of 1.78 (1.44–2.33) and 1.44 (1.00–2.00), respectively. For cognitive function assessed via the DN: CAS, the median standardized scores were highest for simultaneous processing [106 (98–116)], followed by successive processing [102 (92–112)], attention [84 (77–92)], and planning [77 (69–83)]. When comparing the median of the mean factor scores across the six SDSC subscales, DIMS and SHY showed the highest mean median scores [2.00 (1.71–2.57) and 2.00 (1.50–3.00), respectively], followed by SWTD [1.67 (1.33–2.00)], DOES [1.60 (1.20–2.20)], SDB [1.33 (1.00–1.67)], and DA [1.00 (1.00–1.33)]. Behavioral problems assessed using the PSQ revealed that learning problems had the highest median severity score [1.50 (1.25–2.00)], followed by conduct problems [0.75 (0.58–1.25)], anxiety [0.25 (0.00–0.75)], and psychosomatic symptoms 0.20(0.00-0.40) (Table 1).


Table 1 | Characteristics of all participants.
	Variables
	Min
	Max
	M25
	M50
	M75



	Gender (F/M)
	51/280
	 
	 
	 
	 


	Age
	6.2
	12.9
	7.50
	8.50
	9.67


	Cognition


	P
	53
	113
	69.00
	77.00
	83


	SIM
	76
	150
	98.00
	106.00
	116


	AIT
	53
	117
	77.00
	84.00
	92


	SUS
	69
	129
	92.00
	102.00
	112


	Sleep


	DIMS
	7
	29
	12.00
	14.00
	18


	SDB
	3
	12
	3.00
	4.00
	5


	SWTD
	6
	23
	8.00
	10.00
	12


	DA
	3
	9
	3.00
	3.00
	4


	DOES
	5
	20
	6.00
	8.00
	11


	SHY
	2
	9
	3.00
	4.00
	6


	Behavior


	Conduct problems
	0
	3
	0.58
	0.75
	1.25


	Learning problems
	0
	3
	1.25
	1.50
	2


	Psychosomatic symptoms
	0
	1.2
	0.00
	0.20
	0.4


	Anxiety
	0
	2.25
	0.00
	0.25
	0.75


	ADHD core symptoms


	IA
	0.33
	3
	1.44
	1.78
	2.33


	HI
	0
	3
	1.00
	1.44
	2





IA, inattention; HI, hyperactive/impulsivity; P, planning; SIM, simultaneous processing; AIT, attention; SUS, successive processing; DIMS, disorders in initiating and maintaining sleep; SDB, sleep breathing disorders; SWTD, sleep-wake transition disorders; DA, disorders of arousal; DOES, disorders of excessive somnolence; SHY, nocturnal hyperhidrosis.







Correlation analysis

Spearman correlation analysis indicated that attention function, as measured by DN: CAS, was significantly negatively correlated with inattention symptoms (r = –0.114, p = 0.039), suggesting that lower attention capacity was associated with greater inattentive severity. All six SDSC sleep phenotypes were positively correlated with inattention (r = 0.113 to 0.266, all p < 0.05), with the strongest correlation observed for SWTD (r = 0.266, p < 0.001). For hyperactivity-impulsivity symptoms, significant positive correlations were observed with DIMS (r = 0.206, p < 0.001), SWTD (r = 0.276, p < 0.001), DOES (r = 0.134, p = 0.015), and SHY (r = 0.142, p = 0.010).

All four PSQ behavioral domains were significantly positively correlated with both ADHD symptom dimensions. For inattention, the strongest correlations were found with learning problems (r = 0.562, p < 0.001), followed by conduct problems (r = 0.385), anxiety (r = 0.304), and psychosomatic symptoms  (r = 0.163) (all p < 0.01). For hyperactivity-impulsivity, the strongest correlation was with conduct problems (r = 0.479, p < 0.001), followed by learning problems (r = 0.321), psychosomatic symptoms (r = 0.191), and anxiety (r = 0.175) (all p < 0.01). Full correlation results are presented in Table 2.


Table 2 | Correlations between cognitive function, sleep disturbances, behavior problems and ADHD core symptoms.
	Core symptoms
	P
	SIM
	AIT
	SUS
	DIMS
	SDB
	SWTD
	DA
	DOES
	SHY
	Conduct problems
	Learning problems
	Psychosomatic symptoms
	Anxiety



	IA
	-0.03
	-0.01
	-0.11*
	-0.07
	0.26**
	0.18**
	0.27**
	0.14*
	0.30**
	0.11*
	0.39**
	0.56**
	0.16**
	0.30**


	HI
	-0.02
	-0.01
	-0.03
	0.03
	0.21**
	0.07
	0.28**
	0.07
	0.13*
	0.14**
	0.48**
	0.32**
	0.19**
	0.18**





IA, inattention; HI, hyperactive/impulsivity; P, planning; SIM, simultaneous processing; AIT, attention; SUS, successive processing; DIMS, disorders in initiating and maintaining sleep; SDB, sleep breathing disorders; SWTD, sleep-wake transition disorders; DA, disorders of arousal; DOES, disorders of excessive somnolence; SHY, nocturnal hyperhidrosis. *p<0.05, **p<0.01.







Hierarchical multiple regression analysis

Hierarchical regression was performed to identify predictors of ADHD core symptoms. For inattention, Model 1 included demographic variables, but neither gender (β = –0.014, p = 0.800) nor age (β = 0.015, p = 0.788) showed significant effects showed significant effects. In Model 2, the addition of cognitive variables revealed that attention (AIT) was a significant negative predictor (β = –0.146, p = 0.037), indicating that poorer attention performance was associated with more severe inattention. This effect remained significant in Model 3 (β = –0.134, p = 0.040), even after controlling for sleep disturbances. Notably, two sleep phenotypes also entered as significant predictors: DIMS (β = 0.149, p = 0.016) and DOES (β = 0.178, p = 0.003), suggesting that sleep initiation difficulties and excessive daytime sleepiness both contribute to inattentive symptoms. In the final model (Model 4), the addition of behavioral variables substantially improved model fit. Learning problems emerged as the most robust predictor of inattention (β = 0.471, p < 0.001), while AIT (β = –0.079, p = 0.160), DIMS (β = 0.107, p = 0.051), and DOES (β = 0.052, p = 0.332) lost statistical significance. This indicates that the relationship between sleep and cognitive factors with inattention may be partially mediated by behavioral learning difficulties (Table 3).


Table 3 | Multivariate hierarchical regression analysis of the effects of gender, age, cognitive function, sleep, and behavioral problems on ADHD core symptoms.
	IA
	HI


	Variable
	Unstandardized β coefficient
	95.0% CI
	SE
	Standardized β coefficient
	P value
	Unstandardized β coefficient
	95.0% CI
	SE
	Standardized β coefficient
	P value


	lower limit
	upper limit
	lower limit
	upper limit



	(constant)
	1.31
	0.53
	2.10
	0.40
	 
	0.00
	2.19
	1.28
	3.11
	0.46
	 
	0.00


	Gender
	-0.06
	-0.21
	0.09
	0.08
	-0.03
	0.45
	-0.24
	-0.42
	-0.07
	0.09
	-0.13
	0.01


	Age
	-0.03
	-0.07
	0.01
	0.02
	-0.07
	0.14
	-0.11
	-0.16
	-0.06
	0.02
	-0.23
	0.00


	P
	0.00
	-0.01
	0.01
	0.00
	0.02
	0.78
	0.00
	-0.01
	0.01
	0.00
	0.00
	0.96


	SIM
	0.00
	-0.01
	0.00
	0.00
	-0.01
	0.90
	0.00
	-0.01
	0.00
	0.00
	-0.03
	0.55


	AIT
	-0.01
	-0.01
	0.00
	0.00
	-0.08
	0.16
	0.00
	-0.01
	0.01
	0.00
	-0.04
	0.48


	SUS
	0.00
	-0.01
	0.00
	0.00
	-0.04
	0.40
	0.00
	-0.01
	0.00
	0.00
	-0.05
	0.36


	DIMS
	0.01
	0.00
	0.03
	0.01
	0.11
	0.05
	0.01
	-0.01
	0.03
	0.01
	0.06
	0.31


	SDB
	0.03
	-0.01
	0.06
	0.02
	0.08
	0.12
	-0.01
	-0.05
	0.03
	0.02
	-0.04
	0.48


	SWTD
	0.01
	-0.01
	0.03
	0.01
	0.05
	0.37
	0.04
	0.01
	0.07
	0.01
	0.16
	0.00


	DA
	0.00
	-0.06
	0.06
	0.03
	0.00
	0.96
	-0.03
	-0.09
	0.05
	0.04
	-0.04
	0.49


	DOES
	0.01
	-0.01
	0.03
	0.01
	0.05
	0.33
	0.00
	-0.02
	0.02
	0.01
	0.01
	0.92


	SHY
	0.01
	-0.02
	0.04
	0.01
	0.04
	0.37
	0.02
	-0.01
	0.05
	0.02
	0.05
	0.26


	Conduct problems
	0.11
	-0.03
	0.25
	0.07
	0.09
	0.11
	0.55
	0.40
	0.71
	0.08
	0.41
	0.00


	Learning problems
	0.46
	0.35
	0.57
	0.06
	0.47
	0.00
	0.15
	0.02
	0.28
	0.07
	0.13
	0.03


	Psychosomatic symptoms
	-0.01
	-0.24
	0.21
	0.11
	-0.01
	0.90
	0.25
	-0.02
	0.51
	0.13
	0.09
	0.07


	Anxiety
	-0.02
	-0.17
	0.14
	0.08
	-0.01
	0.84
	-0.19
	-0.37
	-0.02
	0.09
	-0.12
	0.03





IA, inattention; HI, hyperactive/impulsivity; P, planning; SIM, simultaneous processing; AIT, attention; SUS, successive processing; DIMS, disorders in initiating and maintaining sleep; SDB, sleep breathing disorders; SWTD, sleep-wake transition disorders; DA, disorders of arousal; DOES, disorders of excessive somnolence; SHY, nocturnal hyperhidrosis; CI, confidence interval; SE, standard error.



For hyperactivity-impulsivity, Model 1 showed that male gender (β = –0.156, p = 0.004) and younger age (β = –0.197, p < 0.001) were associated with greater symptom severity. These associations remained significant across all subsequent models. Cognitive variables introduced in Model 2 did not yield any significant predictors. In Model 3, DIMS (β = 0.144, p = 0.020) and SWTD (β = 0.220, p = 0.001) both emerged as significant sleep-related predictors. After incorporating behavioral variables in Model 4, conduct problems showed a strong and independent association with hyperactivity-impulsivity (β = 0.411, p < 0.001). SWTD (β = 0.164, p = 0.003), anxiety (β =-0.121, p = 0.033) and learning problems (β =0.132, p = 0.026) also remained significant, while the effect of DIMS attenuated (β = 0.056, p = 0.313). These findings indicate that both externalizing behaviors and sleep-related characteristics—particularly those involving sleep–wake transitions—as well as internalizing symptoms such as anxiety, contribute to the manifestation of hyperactive-impulsive symptoms in ADHD.






Discussion

This study identified distinct predictors for the two core dimensions of ADHD. Hyperactivity-impulsivity symptoms decreased with age and were more pronounced in boys, whereas inattention symptoms remained stable and showed no gender difference. Inattention was primarily associated with attentional deficits and learning problems, while hyperactivity-impulsivity was more strongly linked to oppositional behaviors, sleep-wake transition disturbances, learning problems, and low anxiety levels, suggesting symptom-specific developmental and behavioral pathways. Importantly, the novelty of our work lies in its multidimensional, phenotype-focused approach: we simultaneously assessed demographic, cognitive, behavioral, and discrete sleep phenotypes, and explicitly examined the counterintuitive association between lower anxiety and greater hyperactivity-impulsivity. This focused integration provides more specific evidence on symptom-dimension–specific correlates than studies that treat sleep or behavior as unitary constructs.

The developmental trends and gender differences observed in this study are consistent with previous findings. Hyperactivity-impulsivity symptoms declined with age, while inattention remained stable—mirroring longitudinal results from Holbrook et al. (22) and reinforcing that inattention may persist regardless of ADHD subtype (23). Boys exhibited higher levels of hyperactivity-impulsivity, with no significant sex difference in inattention, in line with meta-analytic evidence (24, 25). These patterns highlight the risk of underdiagnosing girls with inattentive presentations, as noted by Carucci et al. (26), and support calls for gender-sensitive screening focused on subtle cognitive disengagement. Beyond demographic patterns, our study extends prior work by identifying symptom-specific predictors. Attentional deficits assessed by DN: CAS were selectively associated with inattention, refining earlier general cognitive findings (8, 9). We also found that SWTD independently predicted hyperactivity-impulsivity, providing a more nuanced view of sleep phenotype effects (12, 13). Finally, our finding that low anxiety was linked to greater impulsivity supports previous suggestions that anxiety may suppress overt hyperactive behaviors (27), underscoring its modulatory role in ADHD symptom expression.

The findings that inattention symptoms were significantly associated with attentional dysfunction and learning problems, while hyperactivity-impulsivity symptoms were primarily predicted by oppositional behavior, specific sleep disturbances, and low anxiety, suggest distinct neuropsychological pathways underlying the two symptom dimensions of ADHD. Deficits in attentional function, as assessed by the DN: CAS, reflect impairments in selectively maintaining focus, inhibiting irrelevant stimuli, and allocating processing resources under cognitive load. The Attention subtest includes Expressive Attention, Number Detection, and Receptive Attention, collectively targeting interference control and vigilance (8). These deficits directly impact classroom learning and explain the strong association with academic difficulties. Prior studies have demonstrated that children with ADHD show persistent impairments in attention and planning, which disrupt information processing efficiency (9). In our findings, attentional performance predicted inattention but not hyperactivity, indicating that the two symptom clusters may involve non-overlapping cognitive substrates. Sleep disturbances also displayed symptom-specific associations. Although DIMS and DOES initially correlated with inattention, these effects diminished after accounting for behavioral comorbidities, suggesting possible mediation. In contrast, SWTD—which include phenomena such as sleep talking, nightmares, and myoclonic jerks—remained a significant predictor of hyperactivity-impulsivity even after full adjustment. SWTD reflects instability in arousal regulation during sleep, which may extend into the daytime as behavioral dysregulation and poor impulse control (13). Disrupted sleep continuity may impair prefrontal cortical functioning and lead to heightened emotional reactivity and motor overactivity, especially in young children with neurodevelopmental vulnerabilities.

Conduct problems emerged as the strongest behavioral predictor of hyperactivity-impulsivity. This is consistent with prior research indicating symptom overlap between ADHD-HI and ODD, where shared behavioral descriptors (e.g., “interrupts,” “argues,” “defies”) may reflect underlying deficits in emotional regulation and impulse inhibition (25). The significant independent contribution of ODD symptoms supports the hypothesis that HI and conduct problems may co-arise from prefrontal–limbic dysfunction and reinforce one another through negative behavioral-emotional feedback loops. An additional novel finding is the inverse relationship between anxiety and HI symptoms. Previous research suggests that anxiety may inhibit externalizing behaviors through heightened sensitivity to criticism or punishment (27). In contrast, children with low anxiety may exhibit under-responsiveness to threat cues and increased risk-taking. Animal models such as SHRSP rats demonstrate that reduced anxiety correlates with impulsive behavior, linked to alterations in hippocampal plasticity and serotonergic pathways. These mechanisms may help explain why low-anxiety children in our study displayed elevated HI symptoms, suggesting a potential “low-anxiety/high-impulsivity” ADHD subtype with distinctive neurobiological underpinnings and potentially lower responsiveness to standard psychostimulant treatments. Children with ADHD show deficits in multiple neural circuits, including frontostriatal dopaminergic loops, corticostriatothalamic pathways, frontocerebellar networks, and reward circuits. These abnormalities manifest as impairments in attention, cognitive control, timing, and reward processing. Collectively, these findings support a multi-pathway model in which distinct neural dysfunctions contribute to the heterogeneous clinical presentation of ADHD.

The dimensional dissociation of ADHD symptoms observed in this study suggests the need for tailored clinical strategies. Inattention, associated with cognitive and learning deficits, may benefit from cognitive training and academic support, while hyperactivity-impulsivity, linked to oppositional behaviors and sleep-wake transition disturbances, may require behavioral management, emotion regulation, and sleep-focused interventions. The inverse relationship between anxiety and impulsivity points to a potential low-anxiety, high-impulsivity subtype that may respond poorly to conventional stimulants. Moreover, the underrecognition of inattentive symptoms in girls highlights the need for gender-sensitive screening approaches to improve diagnostic accuracy and early intervention.

This study has several limitations. First, as a cross-sectional study, causal or directional inferences cannot be drawn; longitudinal designs are needed to clarify temporal relationships among cognition, sleep phenotypes, behavior, and symptom dimensions. Second, all symptom and comorbidity measures were parent−reported, which may introduce recall or reporter bias and could underdetect internalizing symptoms such as anxiety; future studies should incorporate multi−informant assessments (parent, teacher, and child self−report). Third, sleep assessment relied on the parent−rated SDSC, which—while practical for large samples—cannot capture physiological sleep parameters, prospective sleep–wake patterns, or circadian preference; we did not collect sleep diaries, actigraphy, or morningness–eveningness measures in this cohort. Fourth, we did not assess restless sleep or Restless Legs Syndrome (RLS) symptoms, which have been implicated in ADHD and may share dopaminergic mechanisms; targeted RLS screening should be included in future work. Fifth, although we statistically controlled for full−scale IQ in multivariable analyses to reduce confounding by intellectual functioning, interactions among IQ, attention, and learning problems are complex and warrant more detailed investigation, including stratified or mediation analyses. Taken together, future studies should use longitudinal designs with multi−informant ratings, objective sleep monitoring (e.g., actigraphy or polysomnography), prospective sleep diaries, circadian preference scales, and RLS assessment to better delineate causal pathways and to validate the symptom−dimension–specific associations reported here.





Conclusion

This study highlights the multidimensional nature of ADHD and the distinct predictors associated with its core symptom dimensions. Inattention and hyperactivity-impulsivity exhibit divergent developmental patterns and neurobehavioral correlates, underscoring the need for symptom-specific assessment and intervention strategies. Targeting cognitive deficits, behavioral comorbidities, sleep disturbances, and anxiety profiles may enhance individualized treatment planning. Future longitudinal and multi-informant research is warranted to clarify causal mechanisms and optimize precision care in ADHD.
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Cognitive impairments in schizophrenia are widespread, persistent throughout the illness course, and significantly impact quality of life and functional outcomes. Integrating neuropsychological evaluations into routine clinical care is essential for early identification of cognitive impairments. This approach facilitates the implementation of personalized treatment strategies, including tailored neuropsychological rehabilitation, to promote functional recovery. Although recommended by national and international guidelines, many individuals with schizophrenia do not receive neuropsychological assessment. This article emphasizes the integral role of clinical neuropsychology in schizophrenia care, focusing on six key areas: (1) cognitive domains to assess; (2) addressing subjective cognitive complaints; (3) the impact of symptoms, medication, and substance use on cognitive function; (4) test administration and evaluation procedures; (5) the utilization of neuropsychological results and feedback; and (6) the design and implementation of individualized neuropsychological rehabilitation.
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Introduction

Cognitive impairments are well documented features of schizophrenia, affecting up to 80% of individuals with the diagnosis (Vita et al., 2024). Impairments are documented across a wide range of cognitive domains, such as learning and memory, executive functioning, processing speed, and social cognition (Fett et al., 2011; Irani et al., 2012; McCutcheon et al., 2023). These impairments occur in premorbid and high-risk states, as well as during prodromal phases of the illness (Harvey et al., 2022; McCutcheon et al., 2023; Mohn-Haugen et al., 2022). Research supports both a generalized cognitive deficit and specific patterns of impairment that may vary across individuals and subtypes (McCutcheon et al., 2023). Cognitive impairments in schizophrenia are not merely a byproduct of positive psychotic symptoms or self-disorders; rather, they are more closely associated with negative symptoms and persist even when psychotic symptoms are in remission (Fett et al., 2022; Haug et al., 2023). Importantly, cognitive impairmets in individuals with schizophrenia are significantly linked to reduced real-world functioning (Kharawala et al., 2022).

Cognitive functioning in schizophrenia is heterogeneous, and accumulating evidence from data-driven clustering studies consistently identifies three distinct cognitive subtypes (Bechi et al., 2019; Gilbert et al., 2014; Rocca et al., 2016; Van Rheenen et al., 2017; Vaskinn et al., 2020; Weickert et al., 2000; Wells et al., 2015). The relatively intact subgroup, comprising roughly one-third of individuals, demonstrates performance close to normative levels. An intermediate subgroup, representing about 40–45% of individuals, shows moderate deficits across multiple cognitive domains. The severely impaired subgroup, accounting for approximately 20–30% of individuals, presents with global impairments often two to three standard deviations below the mean (Bechi et al., 2019; Gilbert et al., 2014; Rocca et al., 2016; Van Rheenen et al., 2017; Weickert et al., 2000; Wells et al., 2015). These profiles do not merely constitute cross-sectional differences; they also predict illness course, with the severely impaired group typically experiencing the poorest functional outcomes and the greatest symptom severity (Oomen et al., 2023; Vaskinn et al., 2020).

Cognitive impairments are prevalent across many mental disorders and are recognized as a transdiagnostic phenomenon (Abramovitch et al., 2021). Individuals with schizophrenia generally exhibit more severe widespread impairments compared to those with other mental disorders, including other psychotic disorders, although they do not have a unique neuropsychological profile (Abramovitch et al., 2021). A meta-analysis demonstrated a graded pattern of cognitive impairment across psychotic disorders, increasing from bipolar disorder to schizoaffective disorder and ultimately to schizophrenia (Lynham et al., 2022). While the affected cognitive domains are largely similar, the magnitude of impairment differs, highlighting primarily quantitative rather than qualitative differences, though heterogeneity within disorders suggests some qualitative distinctions. A recent systematic review and meta-analysis by Catalan et al. (2024) showed substantial variability across individuals with first-episode psychosis, including schizophrenia spectrum disorders. Variability was documented in core cognitive domains such as verbal learning, executive function, and processing speed, compared to healthy controls at baseline and follow-up. Importantly, cognitive heterogeneity encompasses both inter-individual differences and intra-individual fluctuations across tasks and time, particularly in processing speed, inhibitory control, verbal learning, and intellectual functioning (Haatveit et al., 2023). Increased variability, whether between or within individuals, is consistently linked to poorer functioning and more severe negative symptoms, underscoring the need for personalized cognitive assessment and intervention (Haatveit et al., 2023).

Cognitive impairments in schizophrenia are predominantly conceptualized within a neurodevelopmental framework, which posits that impairments originate early in development, frequently preceding the onset of clinical symptoms, and remain relatively stable across the course of illness as a consequence of atypical neurodevelopment (Kahn and Keefe, 2013). A longitudinal birth cohort study of cognitive functioning at ages 18 months, 4, 8, 15, and 20 years, including 4,322 participants, found that individuals who develop psychotic disorders exhibit a decline in verbal IQ during early childhood that then stabilizes. In contrast, full-scale and nonverbal IQ deficits continue to increase through adolescence and early adulthood, reflecting a growing lag behind typical developmental trajectories (Mollon et al., 2018). The findings suggest that psychotic disorders originate from dynamic neurodevelopmental processes affecting both verbal and nonverbal cognitive abilities throughout the first two decades of life, leading to increasing cognitive dysfunction. Importantly, these cognitive impairments are evident prior to the onset of psychosis, and while verbal IQ deficits tend to stabilize early, other cognitive domains, such as processing speed, working memory, and attention, may show slower growth or further decline extending into adolescence and early adulthood (Mollon et al., 2018). Furthermore, cross-sectional studies indicate that cognitive impairments primarily worsen during the transition from the prodromal phase to the first psychotic episode, with notable variability across different cognitive domains (Fett et al., 2022).

Longitudinal studies largely support that cognition is relatively stable across the course of illness, showing minimal average decline in cognitive performance across follow-up periods (Bergh et al., 2016; Flaaten et al., 2022). A comprehensive meta-analysis of 57 longitudinal studies in individuals with schizophrenia spectrum disorders further reported only modest improvements over time, most notably in processing speed (d = 0.32) and verbal memory (d = 0.21), with the largest gains in individuals with shorter illness duration (<10 years), suggesting relative stability beyond the early stages of illness (de Winter et al., 2024).

Nevertheless, certain subgroups deviate from this general pattern and show progressive decline in specific cognitive domains. This includes some older adults, who may experience accelerated cognitive aging, potentially related to neuroinflammation or the cumulative effects of chronic psychotic symptoms (Zipursky et al., 2013; Monji et al., 2013; Kharawala et al., 2022; McCleery and Nuechterlein, 2019). Additionally, individuals with early-onset schizophrenia may experience delayed cognitive maturation which can hinder development during critical periods (Øie et al., 2021). Thus, while global cognitive deficits typically appear early, further deterioration may occur in identifiable subgroups (Fett et al., 2020).

Despite the prevalence and persistence of cognitive impairment in schizophrenia, and recommendations in national and international guideline to conduct neuropsychological assessment, many individuals with schizophrenia do not receive such assessments (Bryce et al., 2024).

This article provides an overview of the critical role of neuropsychological evaluation in understanding and treating individuals with schizophrenia. It primarily focuses on neuropsychological assessment as a specialized clinical service for individuals with schizophrenia, targeting clinical neuropsychologists. As part of a multidisciplinary approach, neuropsychologists collaborate with psychiatrists and other clinicians to address the complex needs of individuals with schizophrenia (Gkintoni et al., 2024). Thus, this article also serves as a valuable resource for other healthcare professionals involved in the care and rehabilitation of these patients, particularly those who utilize neuropsychological findings or who conduct cognitive screening in their treatment of the patients.

Neuropsychological assessment is distinct from routine cognitive screening or research testing. It is a comprehensive evaluation conducted by trained neuropsychologists that integrates formal testing with behavioral observations, self-reports, and relevant medical and psychosocial context, including comorbidities and medication effects. This holistic method yields a nuanced understanding of cognitive strengths and weaknesses and guides personalized care decisions. Specifically, neuropsychological assessment examines relationships between brain function, behavior, and cognition, using a battery of tests assessing domains such as memory, attention, problem-solving, and language. These evaluations are essential for identifying cognitive deficits and resources, understanding their impact in psychiatric illnesses like schizophrenia, and informing treatment planning. By delineating this specialized evaluation process, this article also aims to bridge the gap between neuropsychological findings and their practical application among the diverse professionals involved in caring for individuals with schizophrenia.

The review in this article mainly emphasizes research on outpatient populations, where evaluation can inform functional recovery and community rehabilitation. While similar cognitive domains are examined in inpatient settings, logistical factors (e.g., symptom acuity, hospital milieu, and length of stay) and clinical priorities often differ (Kurebayashi and Otaki, 2018).

The goal is to enhance healthcare professionals’ understanding of the role of clinical neuropsychology and to promote its integration into standard care in schizophrenia. The specific topics covered include: (1) cognitive domains to assess; (2) addressing subjective cognitive complaints; (3) the impact of symptoms, medication, and substance use on cognitive function; (4) test administration and evaluation procedures; (5) the utilization of neuropsychological results and feedback; and (6) the design and implementation of individualized neuropsychological rehabilitation.



Cognitive domains to assess

Cognitive impairments in individuals with schizophrenia are closely linked to functional impairment, emphasizing the need for neuropsychological assessment to guide interventions (Kharawala et al., 2022). On average, cognitive functioning in schizophrenia is approximately one standard deviation below the population mean, affecting various domains such as attention, processing speed, learning, working memory, long-term memory, executive function, motor skills, intellectual capacity, spatial reasoning, and social cognition, particularly theory of mind (Bora et al., 2017; Harvey et al., 2022; Vita et al., 2022). Impairments are most pronounced in memory and processing speed, while language, vocabulary, and spatial reasoning tend to be less severely affected (McCleery and Nuechterlein, 2019). Therefore, assessing these cognitive functions is crucial, as they directly impact the functioning and quality of life of individuals with schizophrenia.

Given that cognitive impairments can span multiple domains, comprehensive neuropsychological evaluations using standardized tests measuring a broad range of cognitive functions are essential. Identifying cognitive impairment is important, but understanding a patient’s cognitive strengths also informs therapeutic strategies and enhances quality of life (Allott et al., 2020a). Furthermore, while many individuals with schizophrenia may perform below average on assessments, some can achieve normal-range scores yet still face significant challenges in areas like attention and executive functioning. These difficulties can hinder effective use of cognitive resources in daily activities and social interactions (Vaskinn et al., 2020). Therefore, employing multiple tests is critical to capture the full spectrum of cognitive strengths and weaknesses for effective rehabilitation.

To evaluate cognitive functions, standard neuropsychological tests can be employed, utilizing both collections of individual tests and established test batteries. An advantage of standardized test batteries is that they often cover many cognitive dimensions and share common norms. A test battery frequently used in schizophrenia research is the Measurement and Treatment Research to Improve Cognition in Schizophrenia Consensus Cognitive Battery (MCCB), commonly known as MATRICS (Nuechterlein et al., 2008). However, it is important to note that the MATRICS battery is not typically used in clinical practice. This battery assesses key cognitive domains through ten distinct tests, selected based on extensive research into their relevance for understanding cognitive impairments associated with schizophrenia. Extensive research underscores the close connection between these cognitive domains and functional outcomes in individuals with schizophrenia (Green et al., 2004), reinforcing their significance for quality of life, employment, social integration, and independent living (August et al., 2012). The MCCB evaluates seven cognitive domains: processing speed (rapid information processing and response), attention/vigilance (the ability to maintain focus over time), working memory (the temporary holding and manipulation of information), verbal learning (acquisition and recall of verbally presented information), visual learning (acquisition and recall of visual presented information), reasoning and problem-solving (logical thinking and problem-solving abilities), and social cognition (understanding social interactions and the intentions of others) (Nuechterlein et al., 2008).

While the MATRICS provides a structured and research based approach to understanding cognitive impairments, the battery does have some limitations. Several domains are represented by a single measure, which may compromise reliability, and the verbal and visual learning subtests lack delayed recall components, restricting the evaluation of memory processes. Additionally, costs and training requirements can limit its practicality in everyday clinical environments (Nuechterlein et al., 2008; August et al., 2012; Nuechterlein et al., 2025). However, clinicians often adapt MATRICS-guided evaluations using locally available instruments to ensure comprehensive, flexible, and contextually relevant assessments.

Clinicians should consider the availability and applicability of comprehensive test batteries for clinical use (Nuechterlein et al., 2025). The Cambridge Neuropsychological Test Automated Battery (CANTAB) has been utilized in cognitive studies of schizophrenia and is recommended as an alternative to the MCCB. This computerized battery, administered on touch-sensitive screens, provides a non-language-based approach that effectively identifies cognitive impairments addressing working memory, decision-making, attention, executive functions and visual memory in schizophrenia (Fray et al., 1996; Levaux et al., 2007). CANTAB’s is good choice in clinical settings, often producing results comparable to those from traditional neuropsychological tests (Levaux et al., 2007).

While larger test batteries are valuable for measuring a wide range of cognitive functions, shorter test batteries are particularly important for some patients with schizophrenia, as negative symptoms may lead to reduced motivation, impaired engagement, and lower endurance for lengthy cognitive testing (Strauss et al., 2015). Therefore, test durations should be tailored to each patient, with sessions divided as needed. Alternatively, one might start with a brief cognitive screening and refer patients with identified cognitive impairments to a comprehensive neuropsychological evaluation.

Examples of shorter test batteries (25–30 min) are the Brief Assessment of Cognition in Schizophrenia (BACS; Keefe et al., 2004) and the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; Randolph et al., 1998). They are easy to administer and score, cost-effective, and suitable for use across different cultural contexts. Both batteries have demonstrated strong reliability and validity in schizophrenia populations, with the BACS specifically developed for cognitive assessment in schizophrenia. Its reliability, validity, and comparability of original forms have been established empirically (Keefe et al., 2004). The BACS composite score also shows strong functional validity, correlating with measures of everyday functioning such as independent living and performance-based skills (Keefe et al., 2006).

Originally designed as a brief neuropsychological screening tool for dementia (Randolph et al., 1998), the RBANS has also proven effective and valid for detecting cognitive impairment in schizophrenia, with good reliability and comparability to more extensive cognitive batteries (Gold et al., 1999; Dickerson et al., 2004; Raudeberg et al., 2023). Additionally, shorter assessments can be administered by a wider range of clinical staff, reducing the need for highly specialized training (see Nuechterlein et al., 2025 for a discussion of test batteries used for neuropsychological assessment in schizophrenia).

Finally, performance validity testing should be routinely included in neuropsychological assessments of individuals with schizophrenia, as insufficient effort or invalid test results can lead to inaccurate cognitive evaluations and affect treatment planning (Morra et al., 2015). A meta-analysis of 19 studies involving over 2,200 individuals with psychotic disorders revealed a pooled effort failure rate of 18%, with substantial variability across studies (ranging from 0 to 72%) (Ruiz et al., 2020). The results indicated that lower IQ and fewer years of education significantly increased the risk of failure, suggesting that cognitive capacity and demographic factors, rather than malingering, are primary contributors to reduced effort. These findings underscore the need for careful interpretation of performance validity measures in individuals with schizophrenia, taking into account the broader context of global cognitive impairment and clinical presentation. When employing effort tests for this population, it is recommended to use multiple measures and adopt a comprehensive decision-making approach that integrates various sources of information, such as clinical interviews, behavioral observations, referral data, and effort test performance (Ruiz et al., 2020) (see Box 1).

Box 1• Thorough neuropsychological evaluations of functions such as attention, processing speed, motor skills, learning/memory, executive function, intellectual capacity, and social cognition are essential for accurately identifying cognitive strengths and difficulties in individuals with schizophrenia.
• Given the variability in cognitive functioning, comprehensive evaluations across multiple domains are highly recommended.
• Screening tools can be useful, but detailed evaluations are necessary for a broader understanding and for developing tailored interventions.



Assessment of subjective cognitive complaints

Individuals with schizophrenia often report subjective cognitive complaints, which are also noted by their family members (Bryce et al., 2024, 2025; Wood et al., 2015). These complaints can have a negative impact on self-esteem and quality of life and might be overlooked if assessments rely on objective measures alone (Shin et al., 2016; Wood et al., 2015). Therefore, incorporating subjective complaints into evaluations is important. Research shows weak correlations between subjective and objective cognitive functioning in non-clinical individuals, suggesting that standardized objective tests may not fully capture individual challenges (Grimstad et al., 2025; Haddad et al., 2021; Rothlind et al., 2017). Subjective reports may offer a more ecologically valid assessment by better reflecting the complexity of everyday situations than structured objective tests.

However, accurately capturing subjective complaints can be challenging. High levels of depression are linked to underestimation of cognitive abilities in patients with schizophrenia (Baliga et al., 2020). Furthermore, accurate self-reporting requires a certain level of cognitive functioning, such as the ability to recall daily memory problems (Nuechterlein et al., 2025). Research indicates that individuals with schizophrenia often have impaired insight into their illness, including their cognitive functioning (Haddad et al., 2021; Nuechterlein et al., 2025). This lack of insight, coupled with higher levels of disorganized symptoms, may contribute to difficulties in self-assessing cognitive abilities (McCutcheon et al., 2023). Thus, when insight is reduced, supplementing self-reports with information from others familiar with the individual’s functioning, such as family, caregivers, case managers, treatment providers, or friends, can be beneficial.

In addition, Haugen et al. (2021) found that patients with schizophrenia with low self-efficacy tended to report greater cognitive difficulties than their test performance suggested, whereas those with more disorganized symptoms often overestimated their abilities. Clinicians can use this information to tailor interventions, such as fostering self-efficacy in individuals who underestimate their capacities or enhancing cognitive insight in those who overestimate their skills (Haugen et al., 2021).

Despite potential biases, subjective assessments remain valuable for understanding how patients view their abilities and challenges. Notably, some studies show that many patients can accurately recognize their impairments (Haddad et al., 2021; Raffard et al., 2020). For patients with good insight into their cognitive difficulties, assessing subjective experiences can provide critical information about how these challenges affect their daily functioning and self-efficacy. Such insights enable clinicians to prioritize interventions that align with the patient’s perceived difficulties, enhance engagement in cognitive remediation, and support collaborative goal setting. For instance, when patients can clearly articulate situations in which they struggle with concentration or memory, clinicians can tailor cognitive strategies to these specific contexts, promoting both adherence and functional improvement. Integrating subjective experiences with objective assessments provides a more comprehensive understanding of a patient’s cognitive profile, enabling personalized and meaningful interventions that strengthen the therapeutic relationship, enhance motivation, and improve functional outcomes (Allott et al., 2020a).

Several scales have been developed to measure subjective cognitive complaints in individuals with schizophrenia. However, several of them also assess other symptoms. Two, which specifically focus only on cognition, are the Subjective Scale to Investigate Cognition in Schizophrenia (SSTICS; Stip et al., 2003) and the Self-Assessment Scale of Cognitive Complaints in Schizophrenia (SASCCS; Johnson et al., 2009).

The SSTICS includes 21 items rated from 0 (never) to 4 (very often) on a Likert scale, each assessing perceived difficulties in attention, memory, executive functions, language, and praxia; total scores are calculated by summing ratings across items, with higher scores indicating greater subjective cognitive impairment (Stip et al., 2003). The SASCCS also consists of 21 items focused on similar domains, placing emphasis on attention and executive functioning (Johnson et al., 2009). Both scales are brief self-reports completed in less than 10 min. More recently, a brief version of the SSTICS (SSTICS-Brief; Cella et al., 2020) was developed to further simplify assessment while maintaining robust validity.

These instruments are reliable for measuring patients’ perceptions of their own cognitive impairment; although they should not be a substitute for objective cognitive assessment. Their primary value lies in permitting patients to express their perceived well-being and satisfaction with quality of life, offering clinicians insight into both psychological and functional aspects of schizophrenia (Johnson et al., 2009). Subjective cognitive complaints assessed through these scales may influence clinical decision-making, guide interventions, and help monitor changes in quality of life over time.

Additionally, interview-based assessments such as the Schizophrenia Cognitive Rating Scale (SCoRS) and the Cognitive Assessment Interview (CAI) offer valuable insights by integrating both patient and informant reports (Harvey et al., 2019; Ventura et al., 2013). These tools are advantageous due to their relatively short administration times, validation across various languages, and strong correlations with functional and cognitive performance measures (see Nuechterlein et al., 2025, for a summary of the main interview-based neuropsychological assessments currently in use) (see Box 2).

Box 2• Objective measures assess cognitive performance, while subjective complaints highlight real-life functioning.
• Incorporating assessment of subjective cognitive complaints into the evaluation provides a more holistic understanding of the individual’s cognitive function.
• Co-morbid symptoms, memory problems, and lack of insight can bias subjective assessments; therefore, input from caregivers and other relevant informants is invaluable.



Impact of symptoms, medication, substance use and other potential confounders

Several factors can potentially impair cognitive functioning, regardless of whether an individual has a mental disorder or not. Below, we outline possible mediators and moderators of cognitive test performance that are particularly important to consider during the neuropsychological evaluation of individuals with schizophrenia (Moritz et al., 2021).


Symptoms

Research shows that positive symptoms, such as hallucinations and delusions, have little effect on cognitive functioning (McCutcheon et al., 2023; Palmer et al., 2009). In contrast, negative symptoms, such as blunted affect, social withdrawal, and apathy are significantly associated with greater cognitive impairment and influence the relationship between cognitive performance and functional outcomes (Bora et al., 2023; Kharawala et al., 2022). Thus, an evaluation of negative symptoms should be included for accurate interpretation of cognitive assessment results.

Standardized instruments for assessing negative symptoms include the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987), the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen, 1981), the Brief Negative Symptom Scale (BNSS) (Kirkpatrick et al., 2011), and the Clinical Assessment Interview for Negative Symptoms (CAINS) (Kring et al., 2013). It is also important to note that significant cognitive difficulties can persist even when psychotic symptoms are minimal (Reichenberg, 2010).

Many individuals with schizophrenia also have comorbid conditions such as depression (Etchecopar-Etchart et al., 2021), which can worsen cognitive impairment (Abramovitch et al., 2021). Hence, it is essential to also consider these comorbidities when interpreting cognitive test results, as they can confound the assessment of cognitive functioning and impact functional outcomes.



Medication use

Antipsychotic medications effectively reduce psychotic symptoms that interfere with attention, yet their direct impact on cognition is modest. A recent meta-analysis of 28 double-blind randomized controlled trials (n = 1,932) found that haloperidol, a first-generation antipsychotic, was associated with slightly poorer overall cognition and performance in several domains, processing speed, attention, motor function, memory and verbal learning, and executive function, compared to second-generation antipsychotics (SGAs), although differences were small (Baldez et al., 2025). No statistically significant differences were observed for working memory, visual learning, social cognition, or visuoconstruction. Thus, while SGAs may offer small cognitive advantages over haloperidol in certain domains, the clinical relevance of these differences remains uncertain (Baldez et al., 2025). A network meta-analysis of 68 studies (n = 9,525) found no antipsychotic to be superior to placebo in improving cognitive performance, with first-generation agents and clozapine ranking among the lowest. Cognitive assessments across studies were frequently inconsistent and incomplete (Feber et al., 2025).

Medications with anticholinergic or antihistaminergic properties can induce sedation and daytime drowsiness, which may adversely affect cognitive functioning (Harvey et al., 2022; Vita et al., 2024). Further, high doses and polypharmacy, especially those resulting in elevated D2 receptor occupancy, can also impact cognition. These medications often induce significant metabolic side effects, including obesity, dyslipidemia, and type 2 diabetes, which are associated with an increased risk of cognitive impairment, rather than being direct causes themselves (MacKenzie et al., 2018). Additionally, evidence suggests that certain structural brain changes linked to antipsychotic use may further complicate the relationship with cognitive function (Fusar-Poli et al., 2013; Voineskos et al., 2020). Maintaining antipsychotic doses within a normal to low range while avoiding polypharmacy appears to yield a slightly favorable effect on cognitive performance (Haddad and Correll, 2023). It is important to note that patients also report variable impacts of medication on cognitive functioning. Thus it is important to also consider conducting a medication review if adverse effects are observed or experienced (Allott et al., 2025).

Finally, a meta-analysis of 23 studies demonstrated similar cognitive impairments in drug-naive patients as those observed in patients treated with antipsychotics, indicating that medications are not the sole contributors to cognitive impairments (Fatouros-Bergman et al., 2014).



Substance use

Substance use disorders are highly prevalent among individuals with schizophrenia, with lifetime rates estimated at 20–65% (Ward et al., 2023) and approaching 80% when tobacco use is included (Manseau and Bogenschutz, 2016). Both schizophrenia and substance use are independently associated with impairments in cognitive functioning, and the co-occurrence of these conditions can intensify such impairments. Commonly used substances, including nicotine, caffeine, alcohol, cannabis, and cocaine, may exacerbate cognitive impairment by disrupting neurotransmitter systems, particularly dopaminergic, glutamatergic, and GABAergic pathways (Bruijnen et al., 2019).

Based on the comprehensive review by McCutcheon et al., 2023, acute cannabis use is generally associated with cognitive impairment, and regular cannabis users tend to perform worse on cognitive tests. However, the effects of cannabis use on cognition in schizophrenia are complex and inconsistent. For example, Rachid et al. (2023) found that patients with schizophrenia who did not use cannabis performed better in psychomotor function, attention, and verbal memory, while cannabis users showed better performance in working memory, visual memory, and emotional recognition, with no differences observed in executive function. Possible explanations for better performance among some cannabis-using patients include less severe baseline cognitive impairment, greater motivation and organisational skills, and a lower genetic liability for schizophrenia (See McCutcheon et al., 2023). Cannabidiol (CBD) may also exert neuroprotective effects, although most illicit cannabis today contains high levels of delta-9-tetrahydrocannabinol (THC) and little CBD. THC is known to impair attention, memory, and executive function, and may exacerbate psychotic symptoms (See McCutcheon et al., 2023). Together, these findings suggest that cannabis may have differential effects on distinct cognitive domains in schizophrenia.

Similar variability is observed with other substances; while many studies in dual-diagnosis populations show impairments in executive function, others report comparable or even superior processing speed relative to non-using patients with schizophrenia (Thoma and Daum, 2013). Such differences may reflect the type of substance used, its pattern and severity, and individual illness characteristics. Alcohol abuse, in particular, is consistently linked to more severe deficits (Thoma and Daum, 2013).

When assessing cognition in individuals with schizophrenia and comorbid substance use disorders, it is essential to consider characteristics of the substance use itself, such as severity, duration, frequency of relapse, and periods of abstinence, as well as psychosocial functioning (Adan et al., 2017). Poly-substance abuse is particularly concerning, as it has been associated with persistent cognitive deficits and minimal recovery even after 1 year (Medina et al., 2004). These factors highlight the need for comprehensive evaluation to understand the complex and multifactorial relationship between substance use and cognitive impairment. Ideally, neuropsychological testing should be conducted after a sustained period of abstinence. However, when abstinence is not achievable, assessments can still inform treatment strategies as long as the patient is not acutely intoxicated and is able to understand instructions.



Other potenstial confounders

There are also other factors that can affect cognitive function in schizophrenia. Metabolic and cardiovascular conditions, such as metabolic syndrome, hypertension, and diabetes, are common in individuals with schizophrenia and are associated with impaired cognitive performance (Boussaid et al., 2024; Hagi et al., 2021; Vancampfort et al., 2015). Sleep disturbances, frequently reported among individuals with schizophrenia, are also linked to cognitive impairments (Ferrarelli, 2021; Laskemoen et al., 2020). Anxiety and depressive symptoms are prevalent in this patient group, affecting mood and motivation, potentially leading to reduced cognitive function (Buckley et al., 2009; Moritz et al., 2021).

Vita et al. (2024) differentiate between “primary cognitive impairment,” resulting from neurobiological changes inherent to schizophrenia, and “secondary cognitive impairment,” arising from external factors such as symptoms and lifestyle. While secondary factors, such as symptoms, medication side effects, or lifestyle factors, can lead to cognitive improvement, primary impairments require targeted therapeutic approaches that directly treat the core cognitive deficits of schizophrenia. By providing thorough evaluations considering both types of impairments, neuropsychologists can guide more effective treatment planning for individuals with schizophrenia (see Box 3).

Box 3• Negative symptoms are significantly associated with cognitive impairments, whereas positive symptoms have a weaker relationship.
• Antipsychotic medications do not lead to clinically significant improvements in cognitive functioning but may impair functioning due to anticholinergic properties or side effects.
• Assessing the potential impact of substance use, symptoms, medication side effects, sleep and circadian abnormalities, and comorbid conditions, is important.




Evaluation procedures and test administration

While cognitive screening can be carried out by experienced psychologists who are not specialists, it is essential that these assessments are supervised by clinical neuropsychologists to maintain precision and reliability. Importantly, clinical neuropsychological assessments should not be reduced to mere testing. It is a multifaceted process that encompasses self-reporting, behavioral observations, external exploration, and formal testing, while also accounting for comorbidities, medication effects, brain lesions, and other influencing factors. This paradigm underscores the complexity of a neuropsychological evaluation, which extends beyond simple test scores to provide a holistic understanding of the patient.

Neuropsychological testing should be avoided during the acute psychotic phase, characterized by symptoms such as intense hallucinations, delusions, and disorganized speech or behavior. Conducting assessments during this period can obscure the individual’s true neuropsychological status and hinder the accurate identification of their cognitive strengths and weaknesses. Additionally, patients must be able to concentrate adequately to understand task instructions and perform at their best, which is often difficult when experiencing acute psychosis.

Cognitive functioning in schizophrenia can fluctuate over time due to factors such as symptom exacerbations, medical treatment effects, and psychosocial interventions. Longitudinal assessments are valuable for tracking these changes and adjusting treatment plans accordingly. Continuous collaboration with other healthcare professionals in the treatment team is essential to determine the optimal timing for testing each patient (see Box 4).

Box 4• Schedule neuropsychological testing when the patient is clinically stable, and ensure the testing environment is comfortable and supportive to help minimize anxiety.
• Consider shorter assessments with frequent breaks to accommodate fatigue and motivation challenges.



Utilization of neuropsychological evaluation and feedback in schizophrenia

Providing structured and accessible feedback from neuropsychological evaluations is essential for all patients undergoing assessment. However, it plays a particularly critical role in individuals with schizophrenia, where cognitive deficits significantly affect daily functioning. To maximize understanding and facilitate meaningful discussions about cognitive functioning, practitioners should avoid jargon and focus on practical implications, linking cognitive performance to daily life challenges and specific goals (Bryce et al., 2025).

As many people with schizophrenia rely heavily on family support, clear communication with both patients and caregivers helps align expectations and improve understanding of illness-related cognitive challenges. Additionally, incorporating psychoeducation into the feedback process can enhance caregivers’ ability to support patients, providing them with strategies to address cognitive difficulties and fostering better engagement in treatment (Bryce et al., 2025; Glecia and Li, 2024).

Neuropsychological reports for this population should clearly outline both cognitive strengths and limitations to guide personalized, targeted interventions. Feedback should be tailored to the individual’s level of insight and incorporate both objective test results and the patient’s subjective experience, as both substantially influence functional outcomes in schizophrenia (Harvey, 2012). When providing feedback, it is crucial to present information in a clear and empathetic manner, ensuring that patients understand their cognitive strengths and areas for improvement (Bryce et al., 2025). Additionally, utilizing visual aids and written summaries can enhance comprehension and retention of information, which is particularly beneficial for individuals with cognitive impairments (Gruters et al., 2022).

For patients with schizophrenia, recommendations should explicitly address how cognitive impairments affect everyday responsibilities, such as medication adherence, financial management, or caregiving for dependents, and propose practical, specific solutions. These may include environmental adaptations, compensatory strategies (e.g., reminders, structured routines), psychosocial interventions, and cognitive rehabilitation targeted to domains commonly affected in schizophrenia, such as attention, memory, and executive function (Zoupa et al., 2023).

It is also important to identify and address external, modifiable factors, such as poor sleep, physical inactivity, medication side effects, stress, and social isolation, that can further undermine cognition in this population (Moritz et al., 2021). Support from welfare agencies, occupational therapists, and assistive technologies can further enhance functioning.

Finally, neuropsychological evaluations in schizophrenia can help clinicians provide realistic yet optimistic guidance regarding a patient’s potential for employment and education. They can also improve the effectiveness of therapeutic approaches, such as talk therapy and psychoeducation, by adapting them to the patient’s cognitive profile. For example, therapy sessions that are shorter, more structured, and include multimodal presentation of information can yield better outcomes for individuals with schizophrenia who experience memory or attention deficits (Buckley et al., 2009) (see Box 5).

Box 5• Ensure that feedback is structured and straightforward, emphasizing both cognitive strengths and weaknesses.
• Provide practical suggestions, such as making environmental adjustments, utilizing compensatory strategies, and addressing modifiable factors like sleep and stress.
• Involve caregivers to help them understand the patient’s cognitive strengths and weaknesses, enabling them to adjust their expectations accordingly.



Neuropsychological rehabilitation

Neuropsychological rehabilitation is an integrated, goal-oriented strategy designed to enhance cognitive, emotional, psychosocial, and behavioral functions through collaboration among patients, their families, and healthcare professionals. In schizophrenia, this approach is important for improving real-world functional outcomes and supporting patients in a personalized and holistic manner (Zoupa et al., 2023). The implementation of targeted interventions to improve cognitive function should involve a multidisciplinary team comprising clinical neuropsychologists, psychologists, psychiatrists, nurses, occupational therapists, and social workers. Caregiver involvement is also essential, as they play an active role in supporting treatment adherence (Bryce et al., 2025).

Cognitive remediation is an evidence-based treatment for cognitive impairments in schizophrenia. It is defined as “a behavioral training intervention targeting cognitive deficits, using scientific principles of learning, with the ultimate goal of improving functional outcomes” (Cognitive Remediation Experts Working group (CREW), 2010). Although cognitive remediation programs vary with regard to techniques employed, they share four common principles. These include having a trained therapist deliver the program, repeated practice of cognitive exercises, development of problem-solving strategies, and incorporating procedures that facilitate the transfer of skills to real-world functioning (Bowie et al., 2020).

An example of a targeted cognitive remediation program is the Thinking Skills for Work program (TSW) (McGurk and Mueser, 2021). The TSW features computerized cognitive exercises and teaching cognitive self-management strategies, delivered by trained cognitive specialists in conjunction with supported employment services. The TSW program has shown improved cognitive functioning and employment outcomes in multiple studies (McGurk et al., 2007; McGurk et al., 2015). Other targeted programs include CIRCuiTS (Reeder et al., 2016), the Neuropsychological Educational Approach to Cognitive Remediation (NEAR) (Medalia and Freilich, 2008), and Cognitive Symptom Management and Rehabilitation Training (CogSMART) (Twamley et al., 2012). More information about these and other relevant programs can be found at.1 Numerous studies confirm that cognitive remediation has positive effects on cognitive impairments and functional outcomes in schizophrenia, supporting its integration into clinical practice and guidelines (Harvey et al., 2022; Kambeitz-Ilankovic et al., 2019; Lejeune et al., 2021; Vita et al., 2021; Wykes et al., 2011). Notable cognitive effects include improvements in global cognition, verbal learning, and working memory, with more modest benefits for attention and processing speed (Fitapelli and Lindenmayer, 2022). Evidence suggests that approaches emphasizing strategy development and metacognitive training are particularly effective in improving cognitive outcomes (Fitapelli and Lindenmayer, 2022; Wykes et al., 2011; Haugen et al., 2022).

The impact of cognitive remediation on functioning has been shown to be particularly effective when integrated with other psychosocial rehabilitation approaches such as supported employment (McGurk et al., 2007; McGurk et al., 2015). The feasibility of cognitive remediation, even during the acute phases of schizophrenia, highlights its broad applicability (Nemoto et al., 2021). Research by Harvey et al. (2022) indicates that effect sizes for global cognition and functioning in cognitive remediation for schizophrenia range from small to moderate, with outcomes influenced by factors such as metabolic syndrome, lower IQ, older age, and genetic polymorphisms. This variation underscores the need to optimize treatment strategies by incorporating complementary interventions. Integrating physical exercise into rehabilitation programs may enhance neuropsychological performance and complement psychosocial interventions (Dai et al., 2022; Firth et al., 2017). Moreover, Vita et al. (2024) suggest that an integrated approach combining cognitive remediation, physical exercise, neurostimulation, and antipsychotic medication, tailored to individual needs, may offer the best results.

To further enhance these approaches, it is important to provide support that helps individuals compensate for cognitive impairments. This involves employing internal techniques like memory strategies and external tools such as planners, apps, or assistive devices. A recent review and meta-analysis found that such compensatory strategies significantly and durably improve functioning in individuals with psychotic disorders (Allott et al., 2020b). Equally important are environmental adaptations at home, school, and work to maximize cognitive resources, thereby supporting enhanced functional outcomes.

Finally, efficient neuropsychological rehabilitation in schizophrenia must also address broader aspects of psychological and physical health, social life, and overall quality of life. Integrating psychosocial treatments can enhance adherence to treatment, reduce rehospitalization rates, and improve social cognition, indirectly benefiting cognitive outcomes (Rampino et al., 2021; see Box 6).

Box 6• Emphasize the role of environmental adaptation and compensation strategies, to enhance daily functioning.
• Collaborate within a multidisciplinary team to enhance the efficacy of neuropsychological rehabilitation.
• If available, consider referring to a cognitive remediation program.


Case example

This case illustrates the benefits of a neuropsychological evaluation by a clinical neuropsychologist and subsequent neuropsychological rehabilitation for individuals with schizophrenia. It highlights the critical role of multidisciplinary support in improving daily functioning and overall quality of life.

Ann, a 34-year-old diagnosed with schizophrenia and undergoing antipsychotic treatment, has been hospitalized four times. She attends day treatment twice a week and lives with her supportive parents, who notice her difficulties with daily activities like getting up in the morning, missing appointments, and feeling isolated. A recent neuropsychological evaluation revealed that Ann has a normal IQ but struggles with memory and concentration.

Her treatment involved a multidisciplinary team, including a clinical neuropsychologist, psychiatrist, occupational therapist, and physiotherapist. The psychiatrist managed her medication carefully to avoid neuropsychological side effects. Ann participated in exercise groups run by a local physiotherapist, which helped improve her sleep problems. She joined a goal management training group with other patients, where she received support in achieving everyday goals such as attending social appointments. Ann was encouraged to use tools like diaries for planning, mobile reminders for appointments, and post-it notes for her morning routine, allowing her to handle tasks independently. She also learned techniques like verbalizing and repeating information to aid memory and enhance social interactions, improving focus, memory, and task completion.

Initially, Ann feared that her psychotic episodes and past antipsychotic treatments had damaged her memory and concentration. However, the neuropsychological evaluation provided verbal and written reassurances that her difficulties would not likely worsen and that strategies could help compensate. This boosted her self-confidence and reassured her about her normal intellectual abilities, reducing the shame of memory lapses during social interactions. As her daily functioning improved, reintegration into the work environment became a key goal in Ann’s rehabilitation. Her treatment team helped Ann seek jobs that matched her neuropsychological profile. This approach not only supports Ann’s transition back to work but also helps prevent potential disappointments, making her reintegration a more positive experience and an important step toward greater participation in life.




Conclusion

Clinial neuropsychology plays a crucial role in managing and planning treatment for individuals with schizophrenia. By identifying cognitive strengths and weaknesses, neuropsychological evaluations can guide the development of personalized intervention strategies, which can enhance daily functioning and improve quality of life. In the long term, the work of clinical neuropsychologists is cost effective in schizophrenia care, benefiting both individuals and society by improving functional outcomes and reducing healthcare costs.

The unique expertise of clinical neuropsychologists lies in their ability to evaluate cognitive functioning using reliable, objective, and valid psychometric tests. In the interpretation of test-results, neuropsychologists are well trained to consider factors such as functional neuroanatomy, comorbid diseases, and disruptive influences like medication and psychotic phases. Providing clear and meaningful feedback on the results of a neuropsychological evaluation is a vital component of clinical neuropsychology, as it informs other mental health professionals, empowers patients, and guides treatment planning.

We advocate for the routine integration of neuropsychological evaluations into the assessment process and treatment plans for patients with schizophrenia. By doing so, clinical neuropsychologists can not only enhance patient care but also serve as a valuable resource for other healthcare professionals involved in the treatment and rehabilitation of individuals with schizophrenia. This comprehensive and economically sustainable approach leverages the full potential of clinical neuropsychologists to improve patient outcomes.
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This article proposes a formalization of psychological functions as Topological Functional Systems, drawing on the historical–cultural tradition and functional systems theory, and integrating them with tools from contemporary topological dynamics. First, it reviews the theoretical foundations that conceive psychological activity as a systemic, dynamic organization oriented toward adaptive outcomes. It then develops a mathematical formalization that accounts for functional invariance under variable modes of execution and network reorganization. On this basis, the article derives clinical implications for neuropsychological assessment and rehabilitation, emphasizing functional reorganization rather than localized deficit. Finally, it discusses the scope and limitations of the model in dialogue with current approaches in neuroscience and neuropsychology.
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1 Introduction

Contemporary neuroscience is organized, in a cross-cutting manner, around two fundamental organizational principles: the principle of functional segregation, which refers to the relative specialization of brain regions and circuits in specific processing domains, and the principle of integration, which denotes the dynamic and context-dependent coordination of multiple distributed areas for the production of coherent functions at the system level (1). The coexistence of these two principles supports a genuinely systemic conception of the brain, in which interactions among specialized components give rise to emergent properties and patterns of self-organization that cannot be inferred from the isolated analysis of their constituent parts (2–5). Within this framework, psychological functions represent one of the most complex and relevant expressions of such systemic emergence (6–8), insofar as they do not correspond to the activity of discrete modules, but rather to the functional organization of multilevel networks—ranging from local neurophysiological processes to large-scale distributed systems—oriented toward the attainment of adaptive outcomes. From this perspective, psychological functions can be conceptualized as Functional Systems (FS).

A FS is defined as a dynamic organization of the nervous system that is constituted and regulated according to the attainment of a useful adaptive outcome, which acts as the central organizing principle of the system (9, 10). From this perspective, the identity of the system does not reside in a fixed neuronal configuration, but rather in the stability of the outcome to be achieved, allowing the components involved in its realization to vary without the function itself being lost. This idea is articulated with particular clarity in the theory of movement developed by Nikolai Bernstein (11), who demonstrated that the same motor function can be carried out through multiple patterns of muscular activation and distinct kinematic trajectories, while nevertheless preserving the effectiveness of the action. Bernstein emphasized that such variability does not represent a failure of control, but rather a fundamental property of the system, insofar as the function is maintained through the preservation of certain essential functional features of movement, independently of variations in its concrete execution.

This property—the variability of the components that sustain a function while preserving the function itself and its adaptive goal—becomes particularly evident in both development and pathology following brain injury. At the developmental level, the neuroscience of language has shown that the networks supporting linguistic functions do not exhibit a stable organization from early childhood, but instead undergo progressive transformations as the nervous system matures, in a manner consistent with the Vygotskian idea that higher functions emerge through the integration and reorganization of earlier structures (12). Longitudinal and comparative studies indicate that, while certain basic linguistic capacities may rely on early-developing circuits, the consolidation of more complex linguistic functions is associated with the late maturation of specific connections, such as the dorsal pathway including the arcuate fasciculus, whose adult-like organization is not fully present in childhood (13, 14). Complementarily, in the context of brain injury, it has been observed that the execution of the same psychological function can be maintained or recovered through the dynamic reorganization of interactions among neural networks, incorporating new resources and modifying patterns of cooperation among remaining regions, without implying an exact restoration of the pre-injury configuration (15).

This property endows FS with a topological structure, insofar as their identity is not defined by the fixation of components or by specific configurations, but by the preservation of invariant functional relations that allow the same adaptive useful result to be achieved through variable realizations. This conception is implicit in Pyotr Anokhin’s theory of FS, in which the result dynamically organizes and selects the components of the system, and it is expressed with particular clarity in Nikolai Bernstein’s theory of movement, which showed that a single action can remain functionally stable despite variability in its execution patterns. In both cases, what remains is not the fixed composition of the system, but a set of stable functional properties whose preservation confers continuity and identity to the system beyond its particular realizations.

In continuity with this conception, the aim of the present work is to provide a foundation for a formalization of FS as Topological Functional Systems (TFS), in which the functional identity of psychological processes is expressed in terms of dynamic–topological invariants rather than fixed anatomical configurations or local mechanisms. This formalization seeks to rigorously articulate the neuropsychological tradition of functional systems with tools from topological dynamical systems theory, so that variability in components and modes of execution can be understood as a structural property of the system, rather than as a deviation or a failure of control. At the same time, this perspective aims to offer a conceptual framework with direct clinical implications, in which phenomena of development, functional reorganization, and pathology due to brain injury can be interpreted as dynamic transformations of the system that preserve—or alter—its functional invariants. From this standpoint, neuropsychological symptoms are not reduced to deficits localized in isolated components, but are conceptualized as expressions of changes in the trajectories and functional configurations of the system as a whole, thereby opening new avenues for clinical understanding and intervention grounded in systemic, dynamical, and topological principles.

The article is structured into three main sections. The first, “Background and Theoretical Foundations,” presents the foundations of FS and their articulation with the systemic, social, and dynamic conception of psychological functions developed by Vygotski and formalized in the work of Alexander Luria. The second section, “Mathematical Foundations,” introduces a formalization of FS as TFS, articulating the architecture and functionality of FS with tools from topological dynamical systems theory. Finally, the section “Clinical Implications” discusses the scope of this formalization for the neuropsychological understanding of symptoms, proposing a clinical reading centered on the variability of modes of execution and the preservation of functional invariants, with implications for assessment and intervention from a systemic perspective on psychological activity.

In the field of neuropsychology, the present approach seeks to provide continuity and contemporary projection to the scientific program of the historical–cultural tradition, recovering its fundamental orientation according to which psychological and neural activity is constituted through processes of social origin, organized systemically, and dynamically regulated in relation to adaptive outcomes. From this perspective, the proposed Systemic Neuropsychology places TFS at the center of its inquiry as fundamental theoretical units for understanding the organization and variability of psychological functions. Within TFS, the classical foundations of Anokhin’s theory of FS, Vygotski’s historical-cultural conception of psychological processes, and their neuropsychological elaboration in the work of Luria are articulated and integrated with contemporary contributions from neuroscience, dynamical systems theory, and topology. In this sense, the aim of the present work is to establish the theoretical foundations and the mathematical assumptions required to formalize FS as TFS, thereby offering a conceptual framework capable of sustaining clinical and neuropsychological interpretation consistent with the dynamic, variable, and systemic nature of psychological activity.




2 Background and theoretical foundations

The systemic conception of the psyche elaborated by Vygotski and Luria is grounded in a historical–cultural perspective that conceives psychological functions as dynamic processes whose genesis cannot be reduced either to the biological or to the individual level. Drawing on the anthropological studies of their time (16), both authors proposed understanding psychological functions as processes that develop across three interdependent domains: (1) the phylogenetic domain, corresponding to biological development from primates to early humans; (2) the historical-genetic domain, corresponding to cultural development encompassing psychological evolution from early humans to contemporary humans; and (3) the ontogenetic domain, which describes individual development from childhood to adulthood, where the biological or phylogenetic domain and the cultural or historical–genetic domain are integrated (17). Taken together, these three domains constitute the essential sources of human psychological development, from which its historical, cultural, and social character is derived—features that establish the necessary conditions for the systemic formation and dynamic organization of psychological activity across ontogeny.

During the ontogenetic development of psychological functions, Vygotski noted that across different stages of development—and in their possible alterations—it is not the function itself that changes, but rather the relations that functions establish among themselves, giving rise to new groupings that did not exist at earlier stages. The formation of these new functional relations into novel groupings is what Vygotski termed Psychological Systems (PS) (18, 19). These systems pass through three constitutive stages: the interpsychological stage, in which the influence of relations with others is operative; the extrapsychological stage, in which this influence is mediated by signs and internalized; and the intrapsychological stage, in which external stimulation—originating from others and mediated by signs—generates intracortical connections that operate within a single functional system, whose organization reflects a dynamic localization in the brain (18, 20). This model overcomes the localizationist and equipotentialist conceptions that dominated understandings of the relationship between the brain and psychological functions in its time.

According to Luria (21), the fundamental error of localizationism and equipotentialism was to conceive psychological processes as immediate products of cerebral structures, without considering the physiological analysis that mediates between these two levels (p. 20). Developing a physiological analysis coherent with the conception of PS requires revisiting the very concept of function, insofar as it constitutes the theoretical foundation of the principle of dynamic localization. In contrast to the classical conception—which defines a function as the activity of a specific organ or tissue, either as a result of the causal role of its mechanisms or of evolutionarily selected effects (22)—a function is now defined as an adaptive activity of the organism oriented toward the accomplishment of a task (9, 21, 22). This activity results from interrelated acts whose execution, in the case of PS, depends on a dynamic and distributed network of connections among highly specialized structures organized across multiple levels of the central nervous system. Within this framework, each function is conceived as a Complex Functional System (CFS) (21), that is, a complex neurophysiological organization that underlies PS and provides the functional scaffolding necessary to understand how they are organized within dynamic brain structures.

The FS, developed by Anokhin in the 1930s, proposes a unit of neurophysiological integration capable of articulating PS with brain structure. Its integrative character lies in its ability to explain the general principles governing any system, among which the adaptive useful result stands out as the central organizing criterion. Unlike the reflex—whose endpoint is the action itself—and classical systemic conceptions based on reciprocal action among components, the FS is defined by the orientation of its processes toward adaptive functional results (23–25). his implies not only interaction among elements, as suggested by reciprocal action, but also an organization directed toward the attainment of biological goals. This approach places FS in alignment with contemporary conceptions of biological systems as open and dynamic structures. As noted by Pessoa (26), adaptive systems transcend the notion of static networks by continuously reorganizing. In this sense, FS anticipate this perspective by conceiving brain activity as an active process of reconfiguration guided by adaptive results.

When the outcome of a functional action is insufficient, the system requires information about that outcome in order to reorganize the distribution of excitations in the appropriate direction. This informational process is referred to, within FS theory, as backward afferentation, which—unlike feedback in mechanical systems—is resolved internally through the system’s own regulatory mechanisms. This afferentation involves a returning sensory flow that is compared with an anticipatory regulatory configuration—the acceptor—and, in the case of discrepancy, initiates a new cycle of functional reorganization (23). In this sense, the FS does not merely correct errors, but adjusts its functional organization as a function of the results obtained, modifying its modes of execution without losing either the identity of the function or the adaptive result that organizes it.

Moreover, because the organism operates within a continuous flow of result attainment, each achieved outcome immediately initiates the preparation of the next. In this process, the resolution of a given result configures the parameters of the subsequent one, generating an anticipatory functional template in memory, referred to as the acceptor. This acceptor fulfills a dual function: on the one hand, it acts as the receiver of the backward afferentation (feedback) generated by the action; on the other, it serves as an anticipatory model of the required result, against which incoming information is compared. When there is a match between the model and the feedback, the result is accepted and the system reorganizes functionally (27). In this way, the FS does not merely respond to past events, but anticipates, infers, and updates its internal organization in accordance with context, the organism’s history, and the expected result, thereby constituting an anticipatory system for the organization of behavior.

The self-organizing character of the FS is expressed through two complementary phases: afferent synthesis and efferent synthesis. Afferent synthesis precedes action and consists of the reciprocal integration of four decisive components: motivation, starting afferentation, contextual afferentation, and memory—understood as historically stabilized functional dispositions rather than stored representations. This interaction reduces the system’s indeterminacy and orients its dynamics toward a specific functional direction. It may involve reverberatory cycles among multiple neuronal elements and culminates in decision making, understood as a reduction of degrees of freedom and the selection of an action as a function of the dominant need, the organism’s experience, and the environmental context. Efferent synthesis, in turn, prepares motor execution through a further reduction of degrees of freedom, adjusting action patterns according to posture, spatial position, and proprioceptive information (23). Taken together, these processes express the system’s capacity to coordinate multiple internal and external sources of information, dynamically reorganizing its functional structure until the programmed useful result is achieved.

The characteristics described make it possible to understand that the useful adaptive result constitutes the organizing axis of the FS. Around this result, the functional architecture outlined above is articulated through a set of interrelated operations—conventionally described as eight moments—including afferent synthesis, decision making, generation of the acceptor of the action result, efferent synthesis, performance of the action, attainment of the result, backward afferentation, and comparison between the obtained result and its anticipated model. This architecture should not be understood as a rigid sequence of discrete states, but rather as an abstract functional organization that is dynamically implemented over time. From this perspective, the FS is not a reactive mechanism, but a dynamic, adaptive, and self-organizing system, capable of anticipating, reorganizing, and adjusting itself on the basis of its own results and the context in which it is embedded.

This architecture of the FS is articulated with the principles of PS in Luria’s conception of CFS. Starting from the premise that psychological activity and brain organization constitute a functional unity, Luria integrates the Vygotskian conception of PS—which emphasizes the social origin, systemic character, and dynamic localization of psychological functions—with Anokhin’s physiological theory of FS, which introduces the principles of adaptation, self-organization, result-oriented regulation, and anticipation. Within this synthesis, PS contribute the historical-cultural and mediated dimension of function, while FS provide the physiological framework that explains its realization and regulation within the central nervous system.

This theoretical convergence makes it possible to understand complex psychological processes not as activities localized in isolated structures, but as distributed functional systems that emerge from the dynamic interaction among cortical, subcortical, and social components. From this integration, Luria formulates three fundamental principles. First, CFS exhibit dynamic localization in the brain, undergoing functional reorganization as a function of the concrete conditions of the act, the task, and the context. Second, they are neither innate nor anatomically preformed, but develop throughout ontogeny through processes of social internalization, reflecting the historical and cultural conditions of the environment. Third, this development is mediated by signs and psychological instruments, with language playing a central role in the reorganization of the system’s functional relations (21). Together, these principles consolidate CFS as a broad explanatory framework in which social genesis and functional regulation converge in the understanding of the brain as a historically organized system.

The conceptions advanced by Vygotsky, Anokhin, and Luria converge on a shared characterization of psychological functions as dynamic functional organizations, historically constituted, goal-oriented, and sustained by variable relations among multiple components. Although this perspective is theoretically robust and clinically fruitful, it calls for a formal framework capable of accounting for functional invariance in the presence of variable realizations, adaptive reorganization across development and following brain injury, and the organizing role of signs and language in the system’s dynamics and topology. In this regard, topological dynamical systems theory offers particularly suitable conceptual and mathematical tools, as it allows the modeling of systems whose identity does not depend on fixed configurations, but rather on the preservation of invariant functional relations under dynamic transformations. The formalization of psychological and functional systems as Topological Functional Systems (TFS) thus constitutes a pathway for rigorously articulating the foundations of the historical–cultural approach with mathematical models capable of coherently supporting both theoretical explanation and the derivation of clinical implications in neuropsychology.




3 Mathematical foundation



3.1 Conceptual formalization

The characterization of psychological functions as Topological Functional Systems (TFS)—historically constituted, goal-oriented, and sustained by variable functional relations—raises the need for a formal framework capable of rigorously representing the coexistence of functional stability and variability of realizations. Indeed, if the identity of a function does not depend on fixed anatomical components or immutable operational sequences, but rather on the preservation of certain organizing principles that enable the attainment of a useful adaptive result under changing conditions, then static, localizationist, or purely structural models prove insufficient. The very logic of TFS theory calls for a formalization that can describe systems whose organization may transform without loss of identity, and that incorporate anticipation, feedback, and functional reorganization as a function of history and context. In this sense, formalization through tools from topological dynamical systems theory does not constitute an external extrapolation, but rather a natural consequence of the theoretical assumptions developed by Vygotsky, Anokhin, and Luria, insofar as it provides an appropriate language for modeling functional invariance, dynamic reorganization, and historical dependence—core features of psychological activity.

A TFS is proposed as a mathematically parsimonious and theoretically faithful formalization of the central thesis of FS theory: the identity of a function does not reside in a fixed anatomical configuration, but in the stability of the useful adaptive result that organizes the system (9, 20, 21, 25). From this perspective, a TFS is defined over an extended topological state space Z=X×N
, where X captures the minimal functional core of the system and N represents the variability of the neural supports that enable multiple realizations of the same function without loss of functional identity.

The introduction of the space N responds to the empirical and theoretical requirement that an TFS can be maintained across variable neural realizations, whether due to development, learning, neurodivergence, or lesion. Rather than assuming predetermined networks, N is conceived as a topological space of high-order network configurations that are dynamically recruited and reorganizable. This conception is consistent with the Vygotskian thesis according to which neurofunctional organization is historically constituted through socially mediated relations by means of signs (29), here understood not as internalized contents but as historically structured dispositions and dynamic constraints shaping the system’s modes of organization for action. Sudakov’s notion of imprints of reality and the Pavlovian concept of the “dynamic stereotype” provide a key physiological justification here: context does not operate merely as a momentary input, but gives rise to functional traces emerging from repeated organism–environment interaction, which persist as historically structured couplings that modulate how the system can reorganize itself for future action (30). These imprints do not constitute representations of environmental states, nor the internalization of contextual information; rather, they act as dynamic constraints on the space of possible functional organizations, conditioning the future selection and stabilization of neural assemblies. In this sense, N constitutes the formal locus where context is sedimented as dispositional structure, becoming part of the system’s functional organization without requiring the expansion of X to encode or represent contextual openness, as proposed by Pessoa (26).

From this perspective, signs and language—understood as primary sources of historical and social mediation of psychological activity—are not introduced as additional state variables, but rather as semiotic mechanisms of transversal organization of the system. This decision is consistent with the Vygotskian–Lurian tradition, according to which signs do not constitute specific functional contents, but instruments of regulation, anticipation, and reorganization of activity. Within the TFS model, signs modulate the functional core X by redefining dominant needs, outcome expectations, and criteria of error; they intervene in N as principles of selection, stabilization, and reorganization of neural configurations—in line with the thesis that every neural relation reflects a historically mediated pattern of social interaction (29)—and they act upon the dynamics Φ


 itself by modifying the system’s modes of evolution through processes of anticipation, regulation, and habit formation. This form of mediation does not presuppose representational encoding of social relations or linguistic meanings. Instead, it operates by reshaping the system’s dispositional landscape, altering the set of functional trajectories that can be dynamically recruited in future situations.

From a mathematical and contemporary neuroscientific perspective, the “higher-order” character of N aligns representationally with developments in higher-order networks, hypergraphs, and simplicial complexes (31, 32), which provide an appropriate language for describing interaction configurations that are not reducible to binary relations but are instead organized into simplices and functional cliques relevant to collective dynamics. This choice does not imply that the topology of N constitutes the invariant of the system; rather, it offers an expressive and reconfiguration-compatible representation capable of capturing how different subjects or conditions—such as childhood and adulthood, lesion and compensation—can implement the same useful outcome through distinct neural assemblies.

Accordingly, the dynamics of the TFS is formulated as a composition of continuous operators that implement the cybernetic cycle described by Anokhin (9)—afferent synthesis, decision making, acceptor of action result, efferent synthesis, action, result, backward afferentation, and comparison—not as discrete phases of the state, but as the internal structure of the dynamic operator. This choice is mathematically conservative and conceptually faithful: it avoids reducing the system to a hybrid automaton and preserves its strict membership within the theory of topological dynamical systems.

In response to objections such as those raised by Pessoa (26) regarding the insufficiency of models centered on static networks or closed state spaces, this formulation offers a precise alternative: contextual dependence is not externalized as a parameter, nor internalized as a representational content, but is historically sedimented as a set of dynamic constraints and dispositional couplings jointly shaping the evolution of X and N. Through the system’s own history of interaction, context becomes selectable and modifiable as part of the functional organization, without being represented as an explicit state variable. From this perspective, clinical symptoms can be understood as alterations in modes of execution—that is, in functional trajectories and recruitment patterns in N—under a relative invariance of the task and the adaptive outcome, with systemic effects arising from the global reorganization of the functional system, an issue that will be developed in greater detail below.




3.2 Mathematical formalization

A TFS is formalized as a topological dynamical system (33, 34)

(Z,Φ
)
,



where the state space is defined as the product

Z=X×N,



with X representing the minimal functional state of the system and N the state of network configurations that support its execution.

The minimal functional space is defined as

X:={(n,a,r
)

}
,



where n(t)

 represents the dominant need, understood as the organizing variable that sets the criterion of functional relevance and guides the prioritization of behavior; a(t)

 represents the anticipatory state of the result (acceptor of action), system-level anticipatory configuration of the expected functional result; and r(t)

 represents the feedback signal associated with the result effectively attained (or with its internal estimation). From these variables, a functional discrepancy is defined

e(t)
=E(a(t)
,r(t)

)
,



which governs the processes of correction and functional reorganization of the system. Taken together, these variables encode the functional invariants of the TFS without fixing specific anatomical mechanisms, allowing its identity to be expressed as the preservation of the attainment of the useful result under dynamically variable realizations.

The factor N is defined as a topological space of configurations of higher-order neuronal networks that support the execution of the TFS. An element η∈N
 is interpreted as a continuous descriptor of a higher-order connectivity structure—for example, a hypergraph or a weighted simplicial complex truncated at a maximum order k—which can be represented through a continuous immersion

ι:N→ℝm,



which encodes weights and/or intensities associated with interactions of different orders (edges, triads, 2-simplices, etc.) (32). The evolution of η(t)

 models the recruitment, plasticity, and reorganization of the network substrate as a function of development, experience, lesion, or neurodivergence, without requiring the existence of pre-specified networks.

The dynamics of the TFS is specified primarily in a cycle-functional manner through a continuous update operator

F:Z→Z,



whose iteration defines a discrete topological dynamical system (Z,F
)

 (33, 34). This operator is factorized as a composition of continuous operators that implement the cybernetic architecture of the functional system:

F=C∘B∘R∘U∘P∘A∘D∘S.



Here, S (afferent synthesis) integrates internal and contextual conditions, updating n and constraining η; D (decision making) selects a functional execution regime; A (acceptor) updates the anticipatory state a; P (efferent synthesis) configures execution parameters over η; U (action) deploys behavior; R (result) determines the attained functional state; B (backward afferentation) updates r with parameters of the obtained result; and C (comparison and correction) computes the discrepancy e = E(a, r) and feeds back onto n and η, including processes of plasticity and functional reorganization. In this formulation, the “components” of the functional system are not introduced as discrete phases of the state, but as the internal structure of the topological dynamics governing the joint evolution of the minimal functional state and the network support.

From a functional standpoint, the operators composing F can be grouped into three classes within Φ:



3.2.1 Endogenous operations of prediction and selection

These include S, D, A, and P. These transformations act endogenously on (X, N), reorganizing the functional state and the network as a function of the system’s own history and current functional organization, without constituting representations of environmental states or relying on internal models of the world.




3.2.2 Coupling with body and world

U and R correspond to the segment of effective interaction with the body and the environment. Topologically, this coupling is incorporated as part of the dynamics in Z; conceptually, it represents the “plant–environment” interface through which the system’s functional organization is enacted in the world. In order to preserve the SFT as a formally closed system—closed in the mathematical and dynamical sense, but open in its causal and ecological relations—this coupling is modeled implicitly through the structure of N and the mapping that produces the update of r. This formal closure does not imply isolation from the environment, nor the existence of internal representations of external states; rather, it ensures that all organism–environment interactions are captured as transformations of the system’s own state space and dynamics.




3.2.3 Feedback and comparison

B and C close the cybernetic cycle, enabling discrepancy-guided correction and adaptive reorganization of the system. Dynamically, these operations are those that confer upon Φ its properly cybernetic character, by integrating anticipation, feedback, and functional reorganization within a single topological dynamics.

The proposed formalization seeks to offer an initial mathematical framework for conceiving psychological functions as TFSs whose identity is defined by the stability of a useful adaptive result, rather than by fixed structural configurations. By distinguishing a minimal functional core, a variable network support, and an endogenous cybernetic dynamics, the TFS model makes it possible to describe, in a unified manner, anticipation, feedback, reorganization, and executional variability, which characterize both typical development and the transformations associated with brain injury or neurodivergence. This formalization is not intended to constitute a closed or exhaustive model, but rather a starting point open to refinement, extension, and empirical testing, in dialogue with future developments in both mathematics and neuroscience. Its main value lies in establishing a formal language coherent with the theoretical assumptions of the historical–cultural approach and with the theory of FS, thereby creating the conditions to explore, in the following section, its clinical implications for understanding symptoms, neuropsychological assessment, and functional reorganization.






4 Clinical implications

In the effort to construct psychology as a general science grounded in the social, systemic, and dynamic character of psychological functions, Vygotsky proposed a methodological shift of paradigmatic scope. This shift is articulated in two central postulates: first, the replacement of analyses that fragment the system into parts—and thereby lose the emergent properties that only manifest through interaction—with an analysis based on units that preserve the essential properties of the whole; and second, the substitution of the dominant functional or structural analysis with an interfunctional or systemic analysis, oriented toward the study of the relations and connections among functions that are dynamically organized in the brain (18–20). These postulates do not constitute merely an epistemological stance, but rather define a methodological criterion for the scientific study of psychological activity.

From this perspective, the TFS proposal can be understood as a contemporary and formalized extension of that program. At the research level, the foundational characteristics of TFS—the preservation of functional invariants under variable realizations, dynamic reorganization, and contextual dependence—respond directly to the Vygotskian requirement to identify units of analysis that preserve the logic of the system as a whole. In contrast to classical cognitive neuropsychology, where the method of double dissociation has been used to infer stable functional architectures and, in its strong reading, to support a modular ontology of cognition (35–37), the historical–cultural systemic approach—and its formalization as TFS—interprets such dissociations as expressions of differential functional reconfigurations within distributed systems, in which the function is preserved as an adaptive outcome even when modes of execution are altered.

This methodological shift is accompanied by a profound transformation in the conception of the brain. In contrast to modular views, which assume relatively encapsulated and specialized components, contemporary neuroscience has converged on a view of the brain as an integrated dynamic system, in which functional segregation coexists with flexible and context-dependent processes of integration (1, 38). In particular, recent work emphasizes that brain organization is better explained in terms of multiscale adaptive systems, in which functions are sustained by dynamic network configurations that reorganize as a function of task demands, history, and environmental context. This approach explicitly challenges strong modular interpretations of the brain–function relationship, by showing that cognitive processes depend on gradients, interactions among networks, and meso- and microscale structures, rather than on discrete and fixed areas. Accordingly, explanations of brain activity shift toward a pluralistic and integrative framework, in which flexibility and functional overlap reveal the dynamic and contextually dependent nature of neural organization (39).

At the clinical level, this methodological and conceptual shift has direct consequences for the redefinition of both the symptom and neuropsychological rehabilitation. Within the Vygotskian–Lurian tradition, the symptom is not conceived as the direct loss of a function nor as the punctual reflection of a structural lesion, but rather as the manifestation of an alteration in the functional organization of the system, affecting the available modes of execution for achieving an adaptive result (40–43). This conception makes it possible to distinguish between primary symptoms, directly linked to the impairment of specific components or functional trajectories, and systemic symptoms, which emerge as global consequences of the reorganization of the functional system as a whole. It also introduces the notion of functional factors—understood not as modules, but as organizing principles that participate in multiple functions—and situates compensatory processes as active forms of dynamic reorganization, rather than as simple substitutions for lost functions (21, 41, 44).

The clinical approach grounded in TFS, in this sense, is not oriented toward localizing deficits in isolated components, but toward analyzing patterns of functional reorganization, identifying which invariants are preserved, which modes of execution are compromised, and which new trajectories emerge as possible compensations. This perspective is not only consistent with the historical–cultural tradition, but also aligns with the core assumptions of TFS, offering a clinical framework capable of integrating assessment, diagnosis, and intervention within a genuinely systemic conception of the brain and psychological activity.

In a TFS-based clinical framework, the object of description and intervention is not a “function” conceived as an isolable component, but a functional system whose identity is defined by functional invariants (task, criterion of success, adaptive useful result) and whose realization admits multiple modes of execution through the reconfiguration of neural supports and strategies. This shift operationalizes the Vygotskian–Lurian thesis that the deficit is not primarily described as a “loss of function,” but as a reorganization of activity: orientation toward the task or result is preserved, while the dynamic conditions of its realization are altered, giving rise to syndromic profiles that depend on history and context (21, 41, 45, 46).



4.1 Clinical unit of analysis in TFS

A TFS-based clinical approach shifts the focus from “functions” conceived as isolable capacities toward units of functional organization defined by (i) invariants (task, criterion of success, and adaptive useful result) and (ii) variability of realization (multiple modes of execution and possible neural supports). This shift is consistent with the contemporary move away from discrete localizations toward circuits and causal networks as explanatory units of symptoms and syndromes: different lesions may converge on similar deficits when they disrupt the same functional circuit, which is precisely the type of “equivalence of realization” that TFS formalizes, rather than treating it as an anomaly of the model (47, 48).




4.2 TFS diagnosis: coordinated levels (A–B–C)



4.2.1 Level A: functional invariants

The first diagnostic level makes explicit the core identity of the system: which task/need organizes behavior, what the useful result is (criterion of success), and what the margin of tolerance is (cost/allowable variability before functional collapse). This specification supports a clinical diagnosis oriented toward participation, functioning, and goals, where the criterion of success is not “raising a score” but restoring meaningful functional performance. The tradition associated with Wilson (goal planning) and the evidence synthesized in reviews of cognitive rehabilitation support this view by arguing that the practical unit of intervention and evaluation should be the functional goal (and its attainment), rather than isolated test performance (49).




4.2.2 Level B: loss/degradation of a mode execution

Within the TFS framework, the primary symptom is defined as the restriction or loss of a class of viable dynamic trajectories for achieving an adaptive useful result. This restriction does not imply the disappearance of the function as such, but rather the degradation of a specific mode of execution that previously allowed the function to be carried out in a stable and efficient manner. This mode of execution corresponds to a transfunctional operational principle that participates in the organization of multiple psychological activities. From the TFS perspective, this principle refers to the system’s capacity to sustain a given class of functionally equivalent trajectories associated with a specific type of control (for example, anticipation, sequencing, multimodal integration, or error regulation). The primary symptom emerges when this class of trajectories is lost or becomes unstable, reducing the repertoire of realizations available to the system.

This conception is consistent with contemporary network neuroscience, in which deficits are understood as consequences of perturbing functional circuits that support particular types of control, rather than as the “loss” of isolated cognitive modules. In this sense, approaches such as lesion network mapping provide strong empirical support for models in which different lesions can converge on similar symptoms by affecting common circuits, and in which the same function can be maintained through alternative realizations under conditions of functional reorganization (48).




4.2.3 Level C: reorganization effects (trade-offs)

The third level characterizes the systemic effects of reorganization: costs (time/effort), new contextual dependencies, reduced generalization, fatigue, and compensatory strategies that may appear as “additional deficits” when interpreted from a modular perspective. This level connects both with Luria’s syndromic clinical approach and with contemporary observations of recovery understood as system reconfiguration rather than point-by-point restitution. One advantage of the TFS framework is that it integrates these phenomena as constitutive elements of diagnosis, instead of treating them as noise or nonspecific comorbidity.

At this level, TFS diagnosis characterizes the systemic effects derived from the functional reorganization that the system implements after the loss or degradation of a dominant mode of execution. These effects do not constitute independent deficits, but rather structural costs of the new dynamic regime through which the system attempts to preserve the adaptive useful result. Clinically, they manifest as increased time and effort, greater dependence on contextual cues or external supports, reduced generalization, functional fatigue, and the emergence of specific compensatory strategies. When read through a modular lens, these phenomena may be mistakenly interpreted as “additional deficits” or comorbidities; however, from the TFS perspective, they are understood as necessary consequences of the global reorganization of the system following the degradation of a mode of execution.

This interpretation is fully consistent with Luria’s syndromic clinical approach, in which secondary and tertiary symptoms reflect the redistribution of functional activity, as well as with contemporary rehabilitation frameworks that conceive recovery not as point-by-point restitution of damaged components, but as adaptive reconfiguration of distributed systems, with functional gains accompanied by inevitable trade-offs (50). Within the TFS framework, trade-offs refer to the structural functional costs that emerge when, after the degradation of a mode of execution, the system reorganizes its dynamics to preserve the adaptive useful result, modifying efficiency, flexibility, generalization, or contextual dependence of execution without implying a loss of the function itself.





4.3 X = (n, a, r) as clinical variables

The minimal core X = (n, a, r) makes it possible to translate clinical reasoning into observable variables without resorting to a modular catalog of “components.” The dominant need n(t) functions as a clinical prioritization vector (which goals or needs govern the organization of performance), anticipation a(t) reflects the quality of prospective control (preparation, functional set, planning), and the return signal associated with the actually achieved result r(t) captures the quality of monitoring and error-based updating. The discrepancy e(t) = E(a(t), r(t)) operationalizes an interpretable “clinical error.” This articulation allows heterogeneous clinical presentations to be described with a parsimonious language: not damaged “modules,” but dominant patterns of dysregulation (anticipation, monitoring, prioritization) that are also directly translatable into therapeutic targets (anticipatory regulation, improving feedback use, reorganizing goals). This bridge avoids the inferential leap from “dissociation → module,” showing instead how dissociations can emerge from reorganizations of control within distributed systems.




4.4 Clinical assessment: from “scores” to a topological–functional profile

The TFS model requires that clinical assessment be structured as a topological–functional profile rather than as an aggregation of isolated scores. This profile integrates, in a coordinated manner: (i) the degree of attainment of the adaptive useful result, (ii) the costs associated with its achievement (time, effort, contextual dependence, fatigue), (iii) the stability, variability, and flexibility of the available execution trajectories, and (iv) the resulting syndromic configuration, understood as the articulation between primary symptoms, systemic effects, and compensatory strategies. This approach is consistent with contemporary goal- and person-centered rehabilitation practices, including methodologies such as Goal Attainment Scaling, which allow the operationalization of individualized functional goal achievement without sacrificing methodological rigor or comparability.

From the TFS perspective, this profile cannot be adequately assessed without recognizing the mediating role of signs and language in the regulation of functional activity. Instructions, self-verbalization, symbolic supports, and external cues are not treated as “methodological aids” that distort measurement, but as structural indicators of the system’s functional regime. Dependence on semiotic mediation, its effectiveness in stabilizing trajectories, and its impact on performance generalization provide key diagnostic information about the organization, costs, and trade-offs of the functional system. In this sense, the contemporary shift toward ecological and digital assessments—together with critiques of clinical inferences based exclusively on decontextualized tests—opens a methodological framework particularly well suited to operationalizing trajectories, costs, and semiotic dependence, precisely the constructs that the TFS model places at the center of clinical analysis (51).




4.5 TFS rehabilitation

Within the TFS framework, rehabilitation is defined by two functionally coupled objectives: (i) preserving or restoring the adaptive useful result and (ii) expanding the repertoire of viable trajectories that allow this result to be achieved with a more favorable cost–benefit balance. This formulation is fully consistent with contemporary goal-oriented neuropsychological rehabilitation focused on everyday functioning and on collaboration among patient, family, and therapeutic team, as consistently defended in the clinical literature (49, 50). In contrast to approaches centered on the isolated training of processes, the primary criterion of therapeutic efficacy in the TFS model is not performance on specific tasks, but meaningful functional improvement in real-life contexts.

Operationally, interventions can be organized across three interdependent levels: (I) interventions targeting the functional core X, aimed at recalibrating result anticipation, improving monitoring and error use, and modulating motivational priorities; (II) interventions targeting N, directed at inducing new execution routes, stabilizing functional configurations, and promoting adaptive generalization; and (III) interventions targeting task–context coupling, through the ecological design of activities, difficulty gradients, and contextual manipulation. Across all these levels, signs and language play a central role as instruments of regulation and functional reorganization. Semiotic mediation—through instructions, narratives, self-instructions, explicit rules, and symbolic supports—acts as a clinical operator that enables the modification of priorities, the stabilization of trajectories, the selection of functional configurations, and the reduction of costs without requiring the restoration of damaged components.

From this perspective, language is not conceived as an additional functional domain, but as a transversal instrument of control, anticipation, and compensation, consistent with the Vygotskian–Lurian tradition and with the cybernetic logic of the functional system. TFS rehabilitation therefore does not seek to eliminate semiotic dependence, but to optimize its use, evaluating when it stabilizes functioning, when it introduces undesirable trade-offs, and when it can be stabilized as an endogenous regulatory routine to foster a more autonomous and flexible reorganization of the system.




4.6 From the modular to the topological systemic perspective

Rather than treating double dissociation as near-direct evidence for modules, the TFS approach reinterprets it as a possible consequence of: (i) a change in the control regime within X (anticipation/monitoring/prioritization), (ii) alterations in recruitment within N, and (iii) compensatory reorganization accompanied by trade-offs. This position is not merely “philosophical.” There is a substantial classical literature showing that double dissociations can emerge in distributed systems (e.g., connectionist networks) without implying separable components in a strong modular sense, as well as methodological critiques of the inference “dissociation → module” (52). The specific contribution of TFS is to transform this critique into a positive clinical program: it specifies what to measure (invariants, trajectories, costs), how to diagnose (primary vs. systemic effects), and how to intervene (expanding trajectories while preserving the useful result), integrating contemporary circuit/network evidence with the Vygotskian–Lurian systemic interpretation.




4.7 From mathematical formalization to clinical practice

The mathematical formalization is not introduced as an ornament, but as a tool to: (i) define invariants and realization equivalences with precision, (ii) model and compare functional regimes (e.g., different X profiles with different costs), and (iii) clinically link symptoms to constraints on trajectories and to changes in recruitment within N. In dialogue with contemporary circuit-based neuroscience, this formalization is compatible with the agenda of moving from “anatomical” descriptions to causal descriptions at the circuit level (lesion network mapping), where the clinical hypothesis is formulated as a perturbation of a system regime rather than as damage to a discrete component (48).

In practical terms, the formalism opens three avenues: (1) simulation of intervention scenarios (how changes in anticipation/monitoring or in the stability of network configurations alter functional cost), (2) qualitative prediction of trade-offs (which systemic symptoms are expected given a primary constraint), and (3) the design of dynamics-oriented assessment (which tasks/conditions reveal regime shifts and which measures capture invariants versus costs). This approach also aligns with contemporary trends in neuropsychology toward more integrated and technologically instrumentable frameworks (digital assessment, longitudinal metrics), without collapsing into a reductionism in which “the test is everything” (51).





5 Discussion

The present work set out to substantiate a topological formalization of FS that is, at the same time, theoretically congruent with the historical–cultural and neuropsychological tradition inaugurated by Vygotsky and Luria, mathematically consistent with topological dynamics and cybernetics, and clinically pertinent for the understanding and rehabilitation of psychological functions. In this sense, TFS do not constitute a merely descriptive alternative model, but rather an integrative proposal aimed at clarifying the organization, variability, and functional stability of psychological activity under normal conditions, atypical development, brain injury, or psychopathology.

Contemporary neuropsychology has developed multiple frameworks to explain the relationship between brain organization, psychological activity, and clinical symptomatology. In schematic terms, classical and cognitive approaches have shared two central assumptions: (i) a tendency to describe psychological functions as relatively discrete entities—either anatomically localized (53, 54) or implemented as components of cognitive models (35)—and (ii) an interpretation of symptoms as direct expressions of alterations in those components (55). These models have provided valuable methodological tools, particularly for syndromic description and fine-grained deficit analysis, but they show well-documented limitations in accounting for functional reorganization, compensation, and interindividual variability observed both in development and in clinical recovery.

From this perspective, the TFS model aligns with contemporary developments that conceive the brain as a dynamic, distributed, multilevel system, organized simultaneously by principles of integration and segregation (1, 38). Its specificity, however, lies in the fact that it does not adopt these notions merely as empirical descriptions, but articulates them within a functional theory in which the unit of analysis is no longer the “function” as an isolable capacity or the “module” as an encapsulated component, but rather a functional system oriented toward the attainment of a useful adaptive result.

One of the central contributions of the TFS approach is the clarification of the status of functional variability. Rather than interpreting variability as noise, secondary compensation, or failure of control, variability is conceived as a structural property of the system, compatible with the preservation of functional invariants. This idea, already present in Bernstein’s theory of movement and in Anokhin’s theory of functional systems, acquires here an explicit formalization: functional identity is not defined by fixed configurations, but by the preservation of the result across multiple dynamic trajectories.

The introduction of a minimal functional state, organized around need, anticipation, and feedback, further allows for a natural integration of the anticipatory character of psychological activity. At this point, the model enters into dialogue with contemporary predictive approaches—including Bayesian brain models and allostatic formulations (56–58)—but differs from them in a crucial respect: anticipation is not reduced to the abstract minimization of error or surprise, but is organized in relation to historically constituted tasks, needs, and results. This situates prediction within a psychological and functional framework, rather than an exclusively computational one.

At the clinical level, the TFS model proposes a systematic reinterpretation of the neuropsychological symptom. Instead of conceiving it as the loss of a function or an isolable component, the primary symptom is defined as the degradation of a mode of execution, that is, as a restriction of the set of functionally equivalent trajectories available to achieve a useful adaptive result. This degradation does not imply the disappearance of the goal of activity, but rather the loss of stability, efficiency, or viability of a specific class of realizations that previously organized performance. From this initial alteration, systemic symptoms emerge as cascading effects of the global reorganization of the system, including compensatory strategies, functional trade-offs, and new contextual dependencies, which must be interpreted as structural consequences of the new functional regime rather than as additional independent deficits.

This reading allows for an explicit articulation between the syndromic logic developed by Luria and contemporary evidence showing that different lesions can converge on similar functional profiles, and that recovery depends less on anatomical restitution than on the reorganization of networks and strategies. It also provides a coherent framework for goal-oriented rehabilitation, consistent with current models focused on participation, ecological functioning, and quality of life, but with a more explicit theoretical and mathematical grounding regarding what is modified, what is preserved, and how change should be evaluated.

At this point, it is necessary to clarify the status of topology in the TFS proposal. Unlike other contemporary approaches that employ topological tools—such as higher-order networks, simplicial complexes, or derived metrics (31, 32, 59)—primarily for descriptive or analytical purposes on neurobiological data, TFS presuppose topology as a constitutive property of functional organization itself. Topology is not introduced here as an auxiliary language for representing connectivity, but as the mathematical form appropriate for formalizing systems whose identity is defined by relational invariants rather than fixed components.

In this sense, developments such as higher-order networks or simplicial complexes are naturally integrated into the space of functional configurations of the system, but are subsumed within a broader framework in which cybernetic dynamics, anticipation, and semiotic mediation organize activity. The TFS proposal therefore does not merely apply topology to neuroscience, but advances a neuropsychology whose functional ontology is already topological.

This emphasis makes it possible to extend the scope of the model beyond strictly neuropsychological clinical contexts to psychological practice, psychiatry, and education, in coherence with the Vygotskian conception of psychological functions as socially originated and semiotically mediated processes. Within this framework, the mathematical formalization of TFS is not an end in itself, but a tool to clarify concepts, simulate functional dynamics, explore scenarios of reorganization, and ultimately guide clinical and pedagogical decisions in a more systematic manner.

TFS are proposed as an open research program, susceptible to refinement, empirical testing, and expansion, but with a theoretical, mathematical, and clinical foundation sufficiently robust to contribute meaningfully to the contemporary development of a genuinely systemic neuropsychology. Ultimately, we remain convinced that “systems” and “finality” must continue to be the alpha and the omega of our most immediate scientific endeavor.
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Introduction

In schizophrenia (SCZ) research, endophenotypes represent intermediate links between the polygenic architecture of the disorder and clinical phenomenology. These neurobiological markers must meet specific criteria, including heritability, state independence, and cosegregation within families. This review examines the evolution of endophenotype research, from physiological and cognitive markers to social cognition.





Method

We conducted a narrative mini-review to evaluate recent evidence on the validity of neurophysiological, neuropsychological, and social-cognitive parameters as candidate endophenotypes for SCZ.





Results

Ample evidence supports oculomotor, event-related potentials, and cognitive deficits as endophenotypes found consistently in probands and first-degree relatives. In social cognition, results are more heterogeneous. While Theory of Mind and emotion processing show promise as candidate endophenotypes, evidence regarding social perception and attributional bias remains inconsistent.





Discussion

Current data confirm the utility of neurophysiological and neuropsychological markers as established endophenotypes. While specific social cognition components require further validation, recent investigations demonstrate greater impairments in SCZ on mentalization tasks compared to other psychiatric conditions. The integration of these markers is relevant for stratified psychiatry and treatment personalization. Furthermore, recent findings suggest a transdiagnostic role for certain endophenotypes, indicating shared neural vulnerabilities across the schizoaffective spectrum.
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1 Introduction

Endophenotypes are a critical component of schizophrenia (SCZ) research, reflecting the disease’s complex inheritance patterns (1). Unlike Mendelian phenotypes, which typically reflect specific genetic liabilities, polygenic disorders such as SCZ involve multiple genes and molecular pathways. Consequently, the biological basis of endophenotypes has become a major subject of investigation in SCZ and bipolar disorder, particularly in light of the reliance on clinical observation for psychiatric diagnostics. While initially focused on biological markers, endophenotype research has expanded to include neuropsychological parameters and, more recently, the emerging domain of social cognition (SC). In this context, endophenotype research has helped elucidate the dynamic interplay among genetic, environmental, and epigenetic factors that collectively drive the pathogenesis of SCZ (1–3). To address this complexity and validate the relevance of phenotypes in studying the genetic basis of SCZ, specific criteria have been proposed for endophenotype identification: 1) association with the illness in the population; 2) heritability; 3) state-independence (manifesting whether the illness is active or in remission); 4) co-segregation with the illness within families; and 5) higher prevalence in unaffected family members compared to the general population (1, 4, 5). This review synthesizes recent evidence on SCZ endophenotypes, focusing primarily on established neurophysiological and neuropsychological findings typically reported in clinical settings. Conversely, neuroimaging and functional connectivity research are not addressed, as these modalities are not currently applied in routine clinical practice for the diagnosis, treatment, or rehabilitation of individuals with SCZ. Furthermore, we aim to assess recent research suggesting that SC may serve as a novel endophenotype, reflecting the increasing recognition of social cognitive deficits in SCZ research. This review begins by examining neurophysiological and neuropsychological markers, followed by an evaluation of recent research proposing SC as a novel candidate endophenotype.




2 Neurophysiological endophenotypes in SCZ

In recent years, neurophysiological endophenotypes have become a focus of attention in SCZ research, reflecting developmental alterations in cortical circuits (6). This section discusses physiological biomarkers identified as candidate endophenotypes, including oculomotor impairments and event-related potentials (ERPs) such as Mismatch Negativity (MMN) and P300. These measures were selected for their distinct relevance to mental health practice, where they are increasingly used in routine patient evaluations to support the diagnostic confirmation of SCZ.



2.1 Oculomotor impairments

Oculomotor deficits have historically played a pivotal role in SCZ research, both in clinical practice and, later, in laboratory tests. Notably, eye-tracking abnormalities have been consistently linked to SCZ (1, 7, 8). Smooth pursuit eye movements have been proposed as a biomarker for detecting genetic vulnerability to schizophrenia spectrum disorders (9, 10). Subsequent studies have corroborated that oculomotor deficits, particularly in smooth pursuit, constitute valid endophenotypes of SCZ (11). Investigations involving individuals with SCZ and their family members have further substantiated these neurophysiological alterations. The use of novel paradigms, such as foveal stabilization experiments—locking the target to the retina—has demonstrated that individuals with SCZ and their unaffected relatives share deficits in predictive pursuit (9). This experimental paradigm, designed to isolate the predictive processes driving the extraretinal signal, revealed smooth pursuit deficits in disorganized schizotypy, suggesting that predictive pursuit may represent a specific oculomotor endophenotype within the SCZ spectrum (12). Moreover, recent evidence derived from individuals with SCZ and those at ultra-high risk (UHR) for psychosis indicates that SCZ subjects perform significantly worse than controls on the antisaccade (AS) task—which requires looking opposite to a visual cue. Conversely, the memory-guided saccade (MGS) task—executing a saccade to a remembered location—yielded higher error rates across subjects with SCZ, UHR individuals, and siblings. The authors attributed these findings to the specific sensitivity of the MGS task (13), reflecting an oculomotor pattern characterized by impaired inhibitory control. This deficit is likely mediated by neural dysfunction within the dorsolateral prefrontal cortex and the frontal eye fields (14, 15).




2.2 Event-related potentials

Neurophysiological investigations provide a framework for examining specific alterations in neural responses to sensory stimuli. Comparative studies utilizing auditory oddball paradigms—sequences of frequent standard tones interspersed with rare deviants—across individuals with SCZ, healthy controls, and first-degree relatives suggest that ERPs may serve as biomarkers of familial risk. However, deficits in the N1 and P3b components appear to be more specific to probands (16). Additional ERP research has focused on MMN and P300 deficits (6). MMN is defined as a negative potential shift occurring 50–200 ms following the presentation of a deviant stimulus within a sequence of repetitive standards. MMN deficits are well-documented in individuals with SCZ (17, 18). Furthermore, attenuated MMN responses have been observed in unaffected relatives (19) and in UHR individuals (20); in the latter group, MMN responses appear to hold predictive value for the transition to full-blown psychoses and SCZ. Finally, the P300—a positive potential elicited approximately 300 ms after a deviant stimulus—also exhibits abnormalities in SCZ, characterized specifically by reduced amplitude and increased latency (21).




2.3 Prepulse inhibition deficits

PPI is defined as the physiological attenuation of the startle response to an intense acoustic stimulus when it is immediately preceded by a weaker stimulus, or ‘prepulse’ (6). This sensorimotor gating phenomenon, recorded by electromyography of the orbicularis oculi muscle, is significantly less intense in individuals with SCZ compared to healthy controls (22, 23). Notably, PPI deficits have also been documented in unaffected first-degree relatives (FDRs) of SCZ probands, suggesting a genetic underpinning to these abnormalities (24). However, PPI impairment is not specific to the SCZ spectrum; comparable deficits have been identified in other neuropsychiatric conditions, including obsessive-compulsive disorder, attention deficit hyperactivity disorder, and Huntington’s disease (24, 25).





3 Neuropsychological endophenotypes in SCZ

SCZ is marked by progressive cognitive decline, encompassing impairments in verbal memory, attention, working memory (WM), and executive function (26, 27). Large-scale investigations have corroborated significant deficits across these neuropsychological endophenotypes (28). Key aspects of these domains are examined below.



3.1 Attentional deficits

Attentional impairments are a well-documented core feature of SCZ, particularly characterized by deficits in sustained attention (6). The Continuous Performance Test (CPT)—which identifies specific targets within a rapid stream of stimuli—has established itself as a robust tool for the reliable assessment of these functions (6). Individuals with SCZ exhibit altered CPT performance; consistent with endophenotype criteria, these deficits are also observed in FDRs, although conflicting evidence has been reported (29). Furthermore, specific CPT variants, such as the Degraded CPT (DPT), which manipulates perceptual load, and the Identical Pairs CPT (CPT-IP) (30, 31), which engages WM, have consistently revealed deficits in SCZ. Notably, a meta-analysis of these studies yielded a mean effect size of 1.18 (32).




3.2 Working memory deficits

Deficits in WM have been extensively reported in SCZ (6). Individuals with SCZ underperform controls on the Wechsler Memory Scale-III Letter-Number Sequencing task—which involves mentally reordering mixed numbers and letters. This deficit is independent of their clinical state. FDRs typically display an intermediate performance, scoring significantly higher than probands but lower than the healthy population (33). These data support the proposed role of WM deficits as a SCZ endophenotype (34). Furthermore, task-related functional studies have revealed dysfunctional fronto-striatal connectivity during the WM task in both individuals with SCZ (35) and unaffected siblings (36).




3.3 Verbal memory deficits

Deficits in verbal declarative memory (VDM) are well-documented in SCZ (6). These impairments appear independent of medication status and illness duration; however, evidence suggests an association with negative symptoms (37, 38). Consistent with other SCZ endophenotypes, VDM deficits have also been reported in FDRs and in subjects at high risk for psychosis (39). Furthermore, investigations targeting secondary verbal memory in both patients and their relatives have found that dysfunction in this domain correlates with negative symptoms—irrespective of illness duration or neuroleptic dosage—supporting its validity as a candidate endophenotype for SCZ (40).





4 Social cognition endophenotypes

SC represents an emerging field in SCZ research. This domain encompasses a set of dimensions that concern how social knowledge is structured and defined, as well as the processes underlying social decision-making and judgment (41). Currently, SC is conceived as the set of mental operations that subserve social interactions, enabling individuals to interpret and predict the behavior of others within dynamic social contexts (42). Given the growing prominence of this field, the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative established a consensus to clarify the core concepts and criteria defining the construct (43, 44). This consensus identified four primary domains: Theory of mind (ToM), Emotion Processing (EP), Social Perception (SP), and Attribution Bias (AB) (42–44). Recent evidence indicates that SC deficits are not only characteristic of SCZ but are also observed in unaffected relatives and individuals at UHR for psychosis (45). Collectively, these findings suggest that SC may be an endophenotype of SCZ. The following sections review the evidence supporting these specific SC components as endophenotypes.



4.1 Theory of mind deficits

ToM refers to the ability to attribute mental states to others (45, 46). The link between SCZ and ToM has primarily been discussed in the context of Frith’s work (47), who proposed that SCZ involves a deficit in metarepresentational skills. This deficit leads to a failure in the mentalization process and an inability to think about one’s own and others’ mental states (42). In recent years, a growing body of evidence has suggested that ToM may serve as an endophenotype for SCZ. Several studies have confirmed that ToM is impaired in SCZ, regardless of the assessment method used. Furthermore, it is considered a trait marker, remaining stable throughout the course of the illness (48, 49). Moreover, research suggests that ToM may be a potential predictor of functional outcomes in individuals with SCZ (49, 50). Consistent with the criteria for validating endophenotypes, studies focusing on ToM have reported deficits in unaffected relatives compared to healthy individuals (51, 52). However, some meta-analyses have reported only modest effect sizes for ToM deficits in non-affected relatives (53, 54). Similarly, studies on UHR subjects have found modest ToM deficits compared to healthy controls (53). Conversely, another study observed lower ToM scores in UHR individuals who transitioned to psychosis compared to those who did not (55). Interestingly, recent studies suggest that ToM abnormalities may help distinguish between first-episode SCZ patients and individuals at clinical or familial risk for psychosis (56).




4.2 Emotion processing deficits

This SC component concerns abilities for adaptive perception and the use of emotions (42). In SCZ, deficits in this area are particularly evident in the interpretation of facial expressions (36, 39). Concerning emotional regulation, studies have revealed severe impairments (45, 57, 58). However, research involving relatives of individuals with SCZ has yielded inconsistent results; while some meta-analyses report moderate effect sizes in first-degree relatives, others failed to detect such impairments (51, 59). Similarly, findings in high-risk populations appear inconsistent. Although some investigations have reported significant impairment in emotional abilities in UHR subjects during facial recognition and voice intonation tasks, longitudinal studies on affect recognition suggest that these deficits may not serve as a reliable marker of psychosis vulnerability (56, 60, 61).




4.3 Social perception and attributional bias deficits

Social Perception concerns the understanding of rules and roles necessary for effective interaction within different social contexts (42). Attributional Bias, conversely, involves the cognitive processes used to ascribe causes to the behavior of others, situational factors, or oneself (42, 62). Research findings regarding Social Perception are less consistent than those for ToM. While individuals with SCZ reportedly exhibit deficits in identifying negative emotions such as anger, fear, and sadness, these subjects did not differ from healthy controls in their ability to infer complex personality traits (63). In contrast, a meta-analysis demonstrated a medium-to-large deficit in Social Perception among individuals with SCZ (64). Regarding Attributional Bias, investigations consistently indicate that patients with SCZ tend to attribute adverse events to external causes; this pattern is particularly pronounced in patients with paranoid delusions (45, 65). However, other studies suggest that individuals with SCZ may exhibit a tendency toward internal attributions for adverse events, displaying a self-blaming bias (66).

Regarding Social Perception in risk populations, evidence in relatives of individuals with SCZ is more limited and inconsistent. While some studies report moderate deficits in relatives, others indicate that parents of patients with SCZ may perform better than controls (51, 54, 67). Similarly, findings in high-risk subjects are mixed; meta-analyses have reported a small effect size for social perception impairments in UHR subjects (68, 69).

Concerning Attributional Bias, data in first-degree relatives remain inconclusive, although more recent studies reported that these individuals exhibited an altered Attributional Bias compared to controls (59). In high-risk subjects, findings are also mixed: some studies indicate that UHR individuals score higher on external bias than controls (70), whereas other reports observe no significant differences (71).





5 Discussion

SCZ has a heritability of 60-80%, much of which is attributable to common risk alleles. Recently, in a two-stage exhaustive association study involving thousands of individuals with SCZ and controls, researchers reported associations with common variants at 287 genomic loci, concentrated in genes expressed in excitatory and inhibitory neurons of the central nervous system rather than in other tissues and cell types (72). Similarly, in a search for the genetic basis of endophenotypes, the Consortium on the Genetics of Schizophrenia (COGS-1) used factor analysis to determine the factor structure and heritability of neuropsychological and neurophysiological endophenotypes in a study that included SCZ probands, their non-psychotic siblings, and community comparison subjects. Notably, neuropsychological measures showed a consistent amount of shared variance, whereas neurophysiological measures showed unique contributions as endophenotypes for SCZ (73). While identifying genes associated with SCZ may help isolate biological pathways, investigating endophenotypes unveils components of liability narrower than those of conventional clinical methods for diagnosing SCZ, potentially contributing to the search for gene susceptibility and disease-related biological pathways (74).

Recently, endophenotypes have become a component of the emerging paradigm of stratified psychiatry. Here, the definition of a psychiatric disorder is reconceptualized using clinical signatures and a multidimensional understanding of disease signs and symptoms, enabling patient stratification (75). Conceptually, clinical signatures aim to represent the patient’s disease state at a given time along quantified dimensions in a multidimensional space, including signs, symptoms, and qualitative and quantitative measures such as biomarker or endophenotype expression. In this framework, biomarkers serve to identify specific inter-individual characteristics that predict treatment response (76). Therefore, stratified psychiatry allows for an increase in response and remission rates by assigning a patient to the right treatment already approved using a biomarker (endophenotype). Genome-wide association studies (GWAS), a relatively recent and innovative approach, have made significant discoveries: complex disorders like SCZ are polygenic, with a large number of copy variants (77). Moreover, a polygenic risk score (PRS) has been associated with cognitive performance in patients with SCZ and in high-risk patients (78). Indeed, an increased PRS is linked to impaired cognition in SCZ, and a large study identified 21 independent SCZ risk loci that may influence cognition (79). Significantly, a prominent group of SCZ-associated genes is enriched in medium spiny neurons and hippocampal projection neurons (80). Given that cognitive dysfunction is an integral part of SCZ, using cognition as a stratification criterion for patient selection can improve the understanding of its genetic architecture (78). Complementary imaging studies have confirmed substantial reductions in white matter homogeneity across most brain areas, identifying white matter pathology and functional dysconnectivity as key components of SCZ pathophysiology contributing to cognitive dysfunction. Thus, the combined use of cognition-related endophenotypes and neuroimaging shows great potential for patient stratification (78). The role of functional neuroimaging in detecting endophenotypes has become increasingly important. Recent evidence, supported by functional neuroimaging, indicates that ventral striatum-hippocampus coupling during reward processing represents a stratification endophenotype for psychotic disorders. This coupling is transdiagnostically associated with measures of positive symptoms and memory performance, while also showing familial aggregation linked to genetic risk for SCZ (81). These results can contribute to the development of therapeutic interventions, for example, targeting ventral striatum-hippocampus connectivity through neurofeedback or by indirect therapeutic interventions that enhance cognitive control in SCZ (81). As noted, symptoms and cognition are core features of SCZ. Negative symptoms and cognition represent critical tools leading to the stratification of SCZ patients. A large study reported that stratifying participants by the severity of negative symptoms over time showed that patients with moderate-to-severe, sustained negative symptoms had lower scores in learning, memory, and global functioning. These findings have important consequences for the treatment needs, especially for the group with sustained negative symptoms. This group may need specific treatment targeting cognitive impairment, such as cognitive remediation (82).

A perspective closely related to the preceding text concerns the transdiagnostic shift from categorical diagnoses to neurobiologically meaningful dimensions (83). Searching for endophenotypes in this dimensional approach has reinforced the value of some neurocognitive biomarkers like intelligence quotient and working memory across a spectrum, including SCZ, Bipolar Disorder I (BDI), and mixed primary psychosis (83), suggesting they could be candidates for shared molecular mechanisms. Moreover, working memory is conceptualized as an endophenotype encompassing SCZ and affective disorders like major depressive disorder and bipolar disorder. Imaging studies during an n-back task showed that, across all patient groups, blunted activity was observed in the striatum, anterior insula, and frontal lobe, confirming that the same brain networks supporting working memory are impaired in SCZ, major depressive disorder, and bipolar disorder. These results suggest common functional abnormalities across SCZ, and mood disorders related to working memory. Similarly, an investigation into social dysfunction has revealed that this alteration is associated with decreased functional connectivity in the rostromedial frontal cortex of the Default Mode Network (DMN), both in SCZ and Alzheimer’s disease. These findings support DMN as a transdiagnostic endophenotype (84). This transdiagnostic dimension entails a redefinition of the concept of endophenotype. This does not imply that the endophenotype concept should be discarded; rather, we should accept the transdiagnostic nature of genetic and neural vulnerabilities, considering interaction among multiple endophenotypes and complex functional behavioral outcomes (85). Further research must incorporate this transdiagnostic dimension and use multiple endophenotypes as a stratification tool in contexts that require progressive standardization to assess psychiatric symptoms and side effects, thereby evaluating the predictive value of treatment modalities across studies and across different endophenotypes (biomarkers) (76).




6 Conclusion

As discussed above, substantial evidence has been reported regarding neuropsychological and neurophysiological endophenotypes in SCZ research across stratified and transdiagnostic dimensions. Similarly, recent investigations demonstrate greater impairments in SCZ on mentalization tasks (e.g., false belief, humor, intentionality) compared to other psychiatric conditions. This highlights the involvement of SC in the psychosis spectrum and opens new avenues for targeted therapeutic interventions (86).
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