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for an acute psychotic
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The glymphatic system is integral to the elimination of metabolic waste from the
central nervous system and has been extensively studied in relation to
neurodegenerative and cerebrovascular diseases. Emerging evidence suggests
that glymphatic dysfunction may also play a role in psychiatric disorders,
including psychosis and schizophrenia. This pilot study investigated glymphatic
clearance in young adults hospitalized for an acute psychotic episode using the
diffusion tensor imaging (DTI)-derived ALPS (Along Perivascular Spaces) index.
Initially, thirteen patients aged 18-30 were recruited; however, only nine
completed the DTI protocol due to severe psychiatric symptoms and practical
constraints. A non-psychiatric control group comprising twelve individuals was
subjected to the same imaging protocol, though precise age matching was not
implemented. The study’s findings indicated significant reductions in the ALPS
index among patients compared to controls, supporting the hypothesis of
impaired glymphatic function during acute psychotic episodes. No significant
associations were found between glymphatic clearance and sleep quality,
disorganized thinking, or general cognitive functioning. Despite the limitations
related to the small sample size, these preliminary results highlight the necessity
of further research into the glymphatic system’s involvement in psychosis.
Larger-scale studies are required to elucidate the clinical implications and
pathophysiological mechanisms linking glymphatic dysfunction to acute
psychosis and early psychotic disorders.
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Introduction

The glymphatic system is a sleep-enhanced, astrocyte-driven
paravascular network that admits cerebrospinal fluid along peri-
arterial spaces, exchanges it with interstitial fluid through
aquaporin-4 (AQP4) rich astroglial end-feet, and directs solute-
laden efflux toward peri-venous and meningeal lymphatic
pathways. (1, 2). The efficiency of glymphatic clearance depends
critically on the perivascular polarization of astrocytic AQP4 water
channels and rises by about 60% during delta-rich slow-wave (N3)
sleep, when synchronous cortical oscillations and low-frequency
vasomotion enhance cerebrospinal-to-interstitial fluid exchange (2,
3). Fragmentation or deprivation of this sleep stage blunts the
characteristic cerebrospinal-fluid waves, slows solute wash-out and
yields higher overnight brain B-amyloid levels (4, 5).

Glymphatic insufficiency is well documented in neurodegenerative
and vascular ageing models (6, 7); however, emerging work has
extended this paradigm to psychiatric disorders (8; 9). The
glymphatic dysfunction stands out as a “final common pathway”
through which sleep and immune dysregulation drive
neuroprogression, also in psychiatric disorders (9, 10). In parallel,
pro-inflammatory cytokines elevated in these illnesses depolarize
AQP4 and reduce glymphatic flow, creating a mechanistic
connection between the immune system and sleep dimensions (11-13).

In psychosis, a self-reinforcing loop links neurotransmitter
imbalance; dopamine, serotonin, glutamate, GABA; glial-driven
neuroinflammation, HPA-axis hyperactivity, gut-brain dysbiosis,
oxidative stress, and mitochondrial dysfunction (14). This cascade
can be initiated and intensified by impaired glymphatic clearance of
neurotoxic waste (10, 15). Case-control genetic studies show that
polymorphisms in AQP4, the main astrocytic water channel
involved in glymphatic flux, are linked with an increased risk of
schizophrenia, higher serum S100B levels, and more severe negative
symptoms (16, 17). This association suggests that channel
dysfunction may reduce the threshold for acute psychotic
episodes (16, 17).

Diffusion-tensor imaging along the perivascular space (DTI-
ALPS), an MRI metric that measures the direction of water
movement within perivascular channels (18), supports this model
by consistently showing lower ALPS indices in individuals with
psychosis. A lower ALPS index has been observed in minimally
medicated first-episode psychosis patients (19). This reduction
correlates with the duration of schizophrenia illness and
macromolecule accumulation in larger cohorts (20), and
diminished glymphatic flow has been linked to cognitive
impairment in patients with schizophrenia (21). These findings
have been replicated in independent early-psychosis datasets using
different imaging methods, such as BOLD CSF, to estimate
glymphatic dysfunction (22).

Acute psychosis, characterized by hallucinations, delusions, and
disorganized thought, frequently co-occurs with significant sleep-
wake disruption and heightened inflaimmatory and stress-axis
responses (19, 23, 24). Increasing evidence of glymphatic
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dysfunction in established psychotic disorders (19-22) suggests
the possibility that clearance deficits may be detectable during the
acute phase and could potentially act as an upstream amplifier of
the aforementioned neurochemical, inflammatory, and
metabolic loops.

To date, no study has investigated glymphatic function in
acutely psychotic hospitalized patients. In this pilot study, we
assessed DTI-ALPS, which measures anisotropic water diffusion
in periventricular channels crucial for glymphatic flow, in young
adults (18-30 years) experiencing their first or recurrent acute
psychotic episode. Of 13 recruited patients, 9 completed high-
quality DTT despite challenges in an acute psychiatric ward; 12
psychiatrically healthy volunteers served as controls. We also
explored correlations between ALPS values and clinical indices of
sleep quality, thought disorganization, and global cognition. Our
data offer an initial look at glymphatic involvement in early-stage
psychosis, while highlighting the challenges of imaging severely
ill populations.

Methods
Participants

Between January 2024 and May 2025, thirteen patients aged 18-
30 years were recruited following their admission to the Psychiatric
Inpatient Unit (Servizio Psichiatrico di Diagnosi e Cura, SPDC) of
San Salvatore Hospital in L’Aquila due to an acute psychotic
episode attributable to a DSM-defined psychotic spectrum
disorder, such as schizophreniform disorder, schizoaffective
disorder, or other non-organic psychoses.

All participants were receiving antipsychotic pharmacotherapy
as part of standard inpatient care at the time of recruitment and
neuroimaging. All participants underwent urine toxicology
screening to rule out recent substance abuse, and all tests were
negative. Exclusion criteria included the presence of significant
neurological conditions (e.g., acquired brain injury, demyelinating
or neurodegenerative diseases), decompensated endocrine
disorders, or any other medical comorbidity that could interfere
with MRI evaluation. To reduce potential biases related to
prolonged pharmacological exposure, individuals with a
documented history of chronic psychotropic treatment, excluding
their current antipsychotic therapy, were excluded.

Due to clinical instability, including severe psychomotor
agitation, only nine of the thirteen initially enrolled patients were
able to complete the MRI protocol. A comparison group composed
of twelve individuals without any history of psychiatric disorders or
major medical conditions was also enrolled, although strict age
matching was not feasible due to logistical constraints and
subject availability.

Psychometric assessment was conducted for all participants by
trained psychiatrists with specific experience in the administration
of standardized clinical tools. The Pittsburgh Sleep Quality Index
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(PSQI) was used to evaluate subjective sleep quality over the
preceding month, with higher scores reflecting poorer sleep (25).
To assess the severity of formal thought disorder, clinicians
administered the Scala per la Valutazione della Disorganizzazione
del Pensiero (SCADIS), a validated Italian-language instrument for
quantifying disorganized thinking (26). Finally, global cognitive
function was measured through the Montreal Cognitive Assessment
(MoCA), which provides a comprehensive overview of executive
functioning, memory, attention, language, visuospatial abilities, and
orientation (28).

Neuroimaging protocol

All brain MRIs were performed during the daytime using the
same 3-Tesla scanner with a 32-channel head coil (MR750w, GE
Healthcare). All MRI sessions were scheduled during the daytime
hours to keep participants at the same circadian phase, because
glymphatic inflow peaks during nocturnal slow-wave sleep and is
markedly lower during daytime wakefulness (2, 27). This restricted
window, therefore, minimized variance due to circadian fluctuations
while accommodating clinical and logistical constraints, institutional
availability, and ethical compliance with patient care protocols.

Individuals underwent the same brain MRI protocol, which
included axial Bravo T1 FSPGR (Fast SPoiled GRadient echo;
matrix 256 x 256, field of view [FOV] 25.6 cm, echo time [TE]
2.3 ms, repetition time [TR] 6.4 ms, thickness 1 mm), Axial FLAIR
(Fluid Attenuated Inversion Recovery; matrix 256 x 256, FOV 25.6
cm, TE 120 ms, TR 11000ms, thickness 3 mm), DWI and DTI. DTI
sequences were acquired using the following parameters: 33
diffusion directions, TR 5700 ms, TE 98 ms, parallel imaging
(acceleration factor two), 3-mm slice thickness, 39 slices, matrix
128 x 128,230 mm FOV, b value 1000 s/mm2, acquisition time 4:01
min. To obtain the ALPS index, we followed the flow chart
described by Taoka et al. We processed DTI data using the
software DSI Studio. An echo-planar imaging correction tool for
distortion and motion correction was applied before image analysis.
Spherical regions of interest (ROIs; 5 mm?2) were positioned at the
level of the projection fibers and the association fibers, at the level of
the left lateral ventricles.

Statistical analyses

All data analyses were carried out using R-Studio. Continuous
variables were tested for normality using the Shapiro-Wilk test (p >
0.05 signifying normal distributions). Bivariate relationships among
continuous measures were examined via Pearson’s correlation if both
variables passed normality checks; otherwise, Spearman’s
nonparametric correlation was used. We assessed the assumptions
of normality (Shapiro-Wilk test) and homogeneity of variances
(Levene’s test) to determine the appropriate statistical approach.
Our objective was to compare the ALPS index between the two
groups, adjusting for age as a covariate. Depending on compliance
with these assumptions, we would have employed either an ANCOVA
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(Analysis of Covariance) or, alternatively, a nonparametric ANCOVA
on ranks (Quade’s test). Post-hoc comparisons, when necessary, were
performed using Bonferroni correction.

Results
Sample characteristics and ALPS index

Of the thirteen initially recruited patients, nine completed MRI
scanning. The final patient group, all experiencing severe psychotic
symptoms, had a mean ALPS index of 1.47 (SD = 0.284). The
comparison group, consisting of twelve participants with no
psychiatric diagnoses, had a mean ALPS index of 1.63 (SD =
0.112). Although the controls were older (mean age 34.5 *+ 4.60)
than the patient group, these demographic differences and the lack
of strict age matching constitute a limitation. Table 1 summarizes
the sociodemographic data, whereas Table 2 presents clinical
measures for the experimental group, including PSQI (5.86 +
1.22), SCADIS (13.91 + 7.49), and MoCA (28.33 + 4.27).

Correlational analyses

Correlation analyses showed no significant relationships
between ALPS index PSQI (r(5) = 0.007, p = 0.989), SCADIS (r
(7) = 0.200, p = 0.606), and MoCA (r(4) = 0.278, p = 0.593). The
results of correlations between the ALPS Index and psychometric
scales are shown in Table 3 and graphically in Figure 1.

TABLE 1 Sociodemographic characteristics of the two samples.

Control
group (n = 12)

Experimental

Variable

group (n = 9)

Age (years), mean + SD 244 +3.50 34.5 + 4.60

Sex (F/M) 3/6 (33%/67%) 10/2 (83%/17%)
DTI-ALPS index,

1.47 + 0.284 1.63 £ 0.112
mean * SD
Year of disease onset,

2020 + 3.74 —

mean + SD

Continuous variables are reported as M (SD); gender is reported as f (%). Em dash (—)
indicates data not available.

TABLE 2 Results of the psychometric assessment in the
experimental group.

Measure Mean + SD = Shapiro—Wilk W p value
PSQI score 5.86 + 1.22 0.859 0.147
SCADIS score 13.91 + 7.49 0.858 ‘ 0.054
MoCA score 28.33 + 4.27 0.824 ‘ 0.096

PSQI, Pittsburgh Sleep Quality Index; SCADIS, Scala per la Valutazione della
Disorganizzazione del Pensiero; MoCA, Montreal Cognitive Assessment.

None of the Shapiro-Wilk tests reached significance (p < 0.05), indicating approximate
normality for all scales.
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TABLE 3 Correlations between ALPS index and psychometric scores.

Measure Pearson's r p value
PSQI score 0.006 0.989
SCADIS score 0.200 0.606
MoCA score 0.278 0.593

PSQI, Pittsburgh Sleep Quality Index; SCADIS, Scale for the Assessment of Disorganized
Thinking; MoCA, Montreal Cognitive Assessment. p <.05.

Comparison between patients and controls

Prior to conducting the ANCOVA, assumptions of normality
(Shapiro-Wilk test: W=0.890, p=0.022) and homogeneity of
variances (Levene’s test: F(1,19)=4.71, p=0.043) were assessed.
Both assumptions were violated. Consequently, a nonparametric
ANCOVA was employed (Quade’s test). Results from the
nonparametric ANCOVA revealed a significant difference
between the two groups (F(1,199)=6.59, p=0.02). This finding
was further supported by post-hoc analyses with Bonferroni
correction (mean rank difference = 5.38, p=0.047). Specifically,
the experimental group had a significantly lower rank than the
control group. This corresponded to mean ALPS scores of
1.474 for the experimental group and 1.629 for the control
group. Further details are presented in Table 4 and illustrated

10.3389/fpsyt.2025.1653144

Discussion

This pilot study presents initial evidence indicating a reduced
ALPS index, suggesting potential glymphatic impairment, in young
adults hospitalized for acute psychosis compared to controls. The
hypothesis that the brain’s glymphatic waste-clearance system may
be compromised during acute psychotic episodes is consistent with
the expanding body of literature that links glymphatic dysfunction
to psychiatric disorders and psychosis (8, 9, 20-22).

Abdolizadeh et al. (20) evidenced that the ALPS index
continuously declines in cases of chronic schizophrenia. Likewise,
Tu et al. (21) also reported decreased ALPS indices in both the left
and right hemispheres and the entire brain in comparison with
healthy controls and related lower ALPS values to worse global
cognition. However, both Tu et al. and Adbolizadeh et al.
concentrated on patients with schizophrenia who were
chronically ill and undergoing antipsychotic treatment. Korann
et al. (19) reported bilateral ALPS-index reductions in minimally
medicated, first-episode psychosis-spectrum patients. Their
findings indicate that glymphatic dysfunction is already present at
illness onset, rather than arising as a consequence of
antipsychotic exposure.

This evidence strengthens our interpretation and mitigates
concerns that the lower ALPS values observed in our cohort
could merely reflect the effects of acute antipsychotic treatment.

in Figure 2. Collectively, these convergent findings, along with our preliminary
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Correlation matrix of study variables. This figure displays the correlations among the analyzed variables. The upper triangle presents the strength of
the correlation between each pair of variables, indicated by the correlation coefficient. The lower triangle shows scatter plots, with black dots
representing individual data points and the red line indicating the linear regression (best-fit line). The main diagonal illustrates the distribution of each

variable of interest (represented by a density plot).
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TABLE 4 Nonparametric ANCOVA results.

10.3389/fpsyt.2025.1653144

Estimate meansq statistic
a) Omnibus effects
Group 1 199.111 199.111 6.587 0.020
rank_eta 1 17.760 17.760 0.587 0.454
Group:rank_eta 1 39.264 39.264 1.299 0.270
Residuals 17 513.864 30.227
b) Post-Hoc
Control - Experimental 5.380 17 2.134 0.0477

df, degree of freedom; sumsq, sum of square; meansq, means square; * p<0.05.

report expanding the data on the acute psychotic phase, indicate
that a lower ALPS index could potentially serve as an indicative
marker of psychosis across the entire spectrum of the disease.

Hua et al. showed that individuals in early psychosis exhibit
both attenuated and delayed coupling between cortical BOLD
fluctuations and ventricular cerebrospinal fluid (CSF) inflow, an
fMRI marker of reduced glymphatic clearance, when compared
with healthy controls. Weaker global BOLD-CSF coupling was
further associated with poorer cognitive performance and greater
symptom severity, underscoring the clinical relevance of
glymphatic dysfunction. Notably, their cohort’s mean age (~24
years) reflects that of our acutely psychotic sample (24.4 years).
The convergence of Hua et al.’s findings with our preliminary
observation of lower ALPS indices therefore strengthens the
hypothesis that glymphatic impairment is already present at
illness onset in young patients.

From a pathophysiological standpoint, there is increasing
evidence suggesting that glymphatic dysfunction may play a
mechanistically significant role in the onset and progression of
psychotic disorders, particularly during acute episodes. In the

context of acute psychosis, this system appears to be functionally
compromised, with accumulating data indicating that astrocyte
distress plays a central role in this dysfunction. First-episode
psychosis is marked by a consistent increase in serum and CSF
concentrations of S100B, a calcium-binding protein that is released
into the extracellular space following astrocytic membrane
disruption (29). Importantly, this elevation occurs without
concurrent increases in traditional markers of neuronal or myelin
injury, such as GFAP, NSE, or MBP, suggesting a selective
vulnerability of astrocytic compartments rather than widespread
neurodegeneration (29).

Structural imaging and post-mortem studies support this model:
astrocytic end-feet often appear swollen, perivascular AQP4
polarization is frequently lost, and perisynaptic processes are
diminished or disorganized (30, 31). These alterations are likely to
impede the laminar flow of interstitial fluid, consequently disrupting
glymphatic clearance. Genetic and translational research indicates
that AQP4 dysregulation plays a role in schizophrenia. Functional
variants of the AQP4 gene have been linked to an increased risk of
psychosis and more severe symptoms (32).
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Graphical representation of the ALPS index between the control and experimental groups. The graph illustrates the observed difference between the
Control group (skyblue), with a value of 1.63 + 0.112, and the Experimental group (salmon), which presents a value of 1.47 + 0.284.
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Preclinical data indicate that simply increasing AQP4 protein
does not enhance glymphatic flow. On the contrary, AQP4
overexpression that lacks correct perivascular polarization reduces
solute clearance and aggravates schizophrenia-like behaviors in
rodents. As recent evidence clarifies, AQP4 mislocalization
contributes to impaired glymphatic function rather than fully
accounting for it. Rodent studies show that genetic deletion or
depolarization of AQP4 reduces solute clearance by over 40% (1),
and human post-mortem analyses have linked loss of perivascular
AQP4 polarization to cognitive decline and amyloid
accumulation (33).

More recently, Simon et al. (34) have further emphasized that
AQP4-dependent solute transport critically depends on its spatial
organization at the astrocyte endfeet rather than total protein
abundance. Targeted genetic or pharmacological downregulation
of this malpolarized AQP4 pool partly restores glymphatic flux and
ameliorates those behaviors (35). Hence, our finding of lower ALPS
indices in acutely psychotic patients is not the opposite of the
animal evidence but its clinical counterpart: both sets of data
converge on the notion that glymphatic inefficiency arises from
dysfunctional or mislocalized AQP4 channels rather than from a
quantitative shortfall of the protein.

These findings suggest that early astrocyte dysfunction may
impair perivascular fluid exchange, leading to the accumulation of
neurotoxic byproducts, increased oxidative stress, and abnormal
neuroimmune responses. This glymphatic compromise directly
impacts cognitive functioning. Acute psychosis often involves
significant cognitive impairments in working memory, executive
control, and attention (36). These issues are linked to sleep
disturbances and astrocytic dysfunction. Sleep, especially slow-
wave activity, drives glymphatic flow. Disrupted sleep, common
in high-risk psychosis patients or during episodes, may worsen
glymphatic inefficiency, creating a cycle of sleep deprivation,
impaired clearance, and cognitive decline (37). The link between
astrocytic integrity, glymphatic dynamics, and neurocognitive
health indicates that sleep loss and astroglial pathology may
exacerbate cognitive deficits in psychotic illness.

The findings of the current study, which show an altered ALPS
index distribution in young adults hospitalized for acute psychosis,
align with a broader model suggesting that astrocyte-driven
impairment of glymphatic function may play a role in the
pathophysiology of psychosis. Glymphatic failure might occur
early in the disease process, potentially even before the full
clinical manifestation, rather than being a downstream
consequence or residual scar of chronic illness.

This pilot study offers preliminary evidence of glymphatic
disruption in young adults hospitalized for acute psychosis. This
finding complements the emerging body of literature that has
started to associate glymphatic impairment with psychiatric
disorders (9, 20-22). Despite the difficulty of imaging acutely ill
patients, evidenced by only nine of thirteen completing the
protocol, the results suggest a substantive alteration in ALPS
index distribution relative to controls. Although our study did not
show strong ties with subjective sleep quality, thought
disorganization, or overall cognition, such negative results may be
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attributed to limited statistical power, cross-sectional design, or the
specificity of the measures.

This pilot study must be interpreted in light of several
limitations. First, the analytical sample was very small (n = 9) and
31 % of initially eligible patients could not tolerate MRI because of
agitation, reducing power and external validity. To curb attrition,
future work could employ: shorter diffusion sequences, evening
scans preceded by symptom-targeted sedation, and pre-scan
“mock-scanner” acclimatization sessions. The controls (34.5 + 4.6
y) were almost 10 years older than patients (24.4 + 3.5 y). Because
ALPS normally declines with age, this imbalance works against the
group difference we observed, but nevertheless increases variance.
We therefore applied a non-parametric ANCOVA on age-adjusted
ranks (Quade’s test), which confirmed a significant group effect (F =
6.59, p = 0.020).

This paradoxical result diverges from the well-established age-
related decline in ALPS values, attributed to reduced glymphatic
efficiency with advancing age (38). One plausible explanation is that
pathophysiological mechanisms intrinsic to psychosis accelerate
brain-aging processes from the earliest stages of the illness (39).

Large-scale neuroimaging studies consistently report an
accelerated brain-age phenotype in individuals with psychotic
disorders. A meta-analysis from the ENIGMA consortium found
a mean brain-predicted-age difference (brain-PAD) of +3.55 years
in 5,401 patients with schizophrenia (39). Similarly, a PRISMA-
guided meta-analysis of 18 datasets reported a comparable brain-
PAD of +3.08 years in schizophrenia and first-episode psychosis
(40). A mega-analysis of 45,615 participants confirmed this effect
across major psychiatric conditions, including psychotic disorders,
suggesting a transdiagnostic brain ageing signature (41).

Notably, a seminal pattern recognition study estimated a brain
age gap of +5.5 years already at the first episode in schizophrenia,
and +1.7 years in at-risk mental states (42). Taken together, these
converging findings support our interpretation that lower ALPS
index values may reflect an early-onset senescent trajectory in
acute psychosis.

Moreover, the study was insufficiently powered to include
multiple covariates, such as gender, although clinically relevant, that
could not be added without over-fitting. We prioritized age over
gender because its empirical influence on ALPS is well established
(38), yet acknowledge that omitting gender is a residual source of bias.
Future studies need to use strict age- and sex-matching or propensity-
score weighting to balance both covariates simultaneously.

Finally, the cross-sectional design precludes conclusions about
causality or temporal dynamics of glymphatic impairment;
longitudinal imaging with sleep and inflammatory markers will be
required to clarify the mechanism.

Collectively, these observations support the notion that acute
psychosis may impair glymphatic function independently of
chronological age. Additionally, objective sleep metrics, such as
polysomnography and inflammatory markers, were not collected,
limiting the ability to dissect the mechanistic underpinnings of
glymphatic alterations. Moreover, we did not compare or correlate
ALPS values with smoking status, exposure to other environmental
agents, hypertension, or additional potential confounders.
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The intrinsic technical limitations of DTI-based ALPS
quantification warrant caution and highlight the need for
longitudinal validation using complementary imaging modalities.
Moreover, glymphatic activity varies across the sleep-wake cycle,
restricting all scans to daytime likely underestimates the nocturnal
peak in CSF-ISF exchange, and this circadian limitation should be
considered when interpreting the magnitude of ALPS differences
(43). Although susceptibility-weighted imaging was not employed
to localize medullary veins, previous work by Taoka and colleagues
(2024) (43) indicates that the ALPS method remains reproducible
even without SWI guidance.

Nonetheless, these preliminary data emphasize the necessity of
further in-depth research with larger cohorts, better age-matching,
longitudinal tracking, and comprehensive assessments of sleep
and inflammation.

Conclusion

Despite the inherent methodological difficulties in acquiring
neuroimaging data from acutely symptomatic individuals, the
present pilot study provides preliminary evidence that young
adults hospitalized for acute psychosis exhibit alterations in
glymphatic function indicative of impaired interstitial waste
clearance. Specifically, reduced ALPS index values in patients
relative to non-psychiatric controls align with a growing body of
literature implicating astrocytic dysfunction, AQP4 misregulation,
and elevated peripheral S100B levels in the acute phase of psychosis.

These findings suggest that glymphatic impairment may be an
early and functionally relevant component of psychosis
pathophysiology, potentially contributing to the accumulation of
neurotoxic metabolites and the emergence of cognitive deficits.
Future longitudinal research integrating sleep assessment,
inflammatory markers, and targeted glymphatic interventions is
warranted to determine whether restoring perivascular clearance
can modulate the clinical and cognitive trajectory of
psychotic illness.
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