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Background and Hypothesis: Despite the well-
documented structural and functional brain changes in
schizophrenia, the potential role of glymphatic dysfunc-
tion remains largely unexplored. This study investigates
the glymphatic system’s function in schizophrenia, util-
izing diffusion tensor imaging (DTI) to analyze water
diffusion along the perivascular space (ALPS), and exam-
ines its correlation with clinical symptoms. Study Design:
A cohort consisting of 43 people with schizophrenia and
108 healthy controls was examined. We quantified water
diffusion metrics along the x-, y-, and z-axis in both pro-
jection and association fibers to derive the DTI-ALPS
index, a proxy for glymphatic activity. The differences in
the ALPS index between groups were analyzed using a
2-way ANCOVA controlling for age and sex, while partial
correlations assessed the association between the ALPS
index and clinical variables. Study Results: People with
schizophrenia showed a significantly reduced DTI-ALPS
index across the whole brain and within both hemispheres
(F=9.001, P=.011; F=10.024, P =.011; F=5.927,
P = .044; false discovery rate corrected), indicating po-
tential glymphatic dysfunction in schizophrenia. The
group by cognitive performance interaction effects on the
ALPS index were not observed. Moreover, a lower ALPS
index was associated with poorer cognitive performance
on specific neuropsychological tests in people with schizo-
phrenia. Conclusion: Our study highlights a lower ALPS
index in schizophrenia, correlated with more pronounced
cognitive impairments. This suggests that glymphatic
dysfunction may contribute to the pathophysiology of
schizophrenia, offering new insights into its underlying
mechanisms.
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Introduction

Schizophrenia is a psychiatric disorder characterized
by psychosis, negative symptoms, and cognitive im-
pairment, leading to significant functional disabilities
and a reduced quality of life.'? It affects about 1% of
the general population and has an enormous impact in
terms of suffering, disability, and healthcare costs.® This
disease has been recognized as a “dysconnectivity” syn-
drome, indicating a failure to coordinate and process
information across different brain regions.** The path-
ophysiological mechanisms of this disease remain
largely elusive. It is urgent to investigate the underlying
neural basis with an aim to develop potential treatment
strategies.

The glymphatic system is a well-structured waste
clearance pathway that removes soluble proteins from
the brain.®’” Within the perivascular channels formed
by astrocytes, the cerebrospinal fluid enters through the
periarterial space, traverses the brain parenchyma with
the assistance of aquaporin-4 (AQP4) channels of astro-
cytic end-feet, which are the most essential part of the
glymphatic system, control cerebral water balance, and
exchanges with interstitial fluid outflowing toward the
perivenous space.®® Consequently, impairment of the
glymphatic system has been associated with neurode-
generative disorders characterized by abnormal protein
aggregation, such as Alzheimer’s disease and Parkinson’s
disease.® !
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Recent evidence implicates an important role for AQP4
in schizophrenia. A schizophrenia-like behavior mouse
model shows higher expression of AQP4 channels in the
prefrontal cortex and hippocampus.'? Bioinformatics
analyses have revealed alterations in cerebral AQP4 gene
expression, and there is a significant correlation between
the expression of AQP4 genes and the presence of im-
mune infiltrating cells in individuals with schizophrenia.'
Wu et al'* elucidated the correlation between AQP4 gene
polymorphisms and schizophrenia in the Southern Han
Chinese population.

Most initial studies on human glymphatic drainage
have primarily utilized dynamic contrast-enhanced mag-
netic resonance imaging, which involves the injection of
gadolinium-based contrast agents either intrathecally or
intravenously.'> ' However, intrathecal contrast agent in-
jection is an invasive procedure and is restricted in some
countries, although it can demonstrate delayed clearance
of the agent as an indication of glymphatic dysfunction."
Additionally, the administration of gadolinium-based
contrast agents into the cerebrospinal fluid or repeated
intravenous injections can result in the deposition of gad-
olinium in the brain.?*?' Considering these potential risks,
it is preferable to assess glymphatic function without the
use of contrast agents, especially for people with progres-
sive neurodegenerative and psychiatric diseases.

Herein, we aimed to investigate the function of the
glymphatic system in people with schizophrenia using dif-
fusion tensor imaging (DTI) analysis along the perivas-
cular space (ALPS).??* The advantage of DTI-ALPS is
that it allows us to assess glymphatic activity without the
need for intravenous or intrathecal contrast agent injec-
tions. Previous research has demonstrated a correlation
between glymphatic function assessed with DTI-ALPS
and direct intrathecal tracer-based measurements in hu-
mans.'*>2¢ Traditional DTI measures, such as fractional
anisotropy (FA) and mean diffusivity, are established
indicators of white matter integrity.”’ The DTI-ALPS
index distinguishes itself by providing complementary
information to these traditional DTI measures. This is
particularly useful in enhancing our understanding of
neurodegenerative diseases and other conditions where
glymphatic dysfunction is implicated.

Given the link between AQP4 and schizophrenia, we
hypothesize that changes in glymphatic function, par-
ticularly reductions in the DTI-ALPS index, are pivotal
in the development of schizophrenia. Thus, our objec-
tive was to assess the glymphatic system’s performance
in people with schizophrenia using the DTI-ALPS index
and explore its connection to clinical variables.

Methods

Participants

The study utilized data from the University of California,
Los Angeles (UCLA) Consortium for Neuropsychiatric
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Phenomic LASc Study via OpenNeuro, accession number
ds000030.% The potential population consisted of 49
people with schizophrenia and 123 healthy controls (HCs).
The dataset included a wealth of phenotypic information
on neuropsychological assessments and neuroimaging
data. Diffusion-weighted imaging (DWI) data were not
available for 8 participants (1 person with schizophrenia
and 7 HCs). Visual inspection of the DWI revealed that 13
participants (5 people with schizophrenia and 8 HCs) had
corrupted volumes and/or ghost images in their DWI data,
rendering them unsuitable for further analysis. As a result,
the final sample consisted of 43 people with schizophrenia
and 108 HCs. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the insti-
tutional review board of UCLA. All participants provided
written informed consent.

Clinical Assessment

The severity of the clinical symptoms in the schizophrenia
group was assessed using the following clinical scales: the
Scale for the Assessment of Positive Symptoms (SAPS), the
Scale for the Assessment of Negative Symptoms (SANS),
the Young-Mania Rating Scale (YMRS), the Hamilton
Psychiatric Rating Scale for Depression (HAMD), and the
Brief Psychiatric Rating Scale (BPRS).?-32 For the BPRS,
a 4-factor solution (positive symptoms, negative symp-
toms, manic-hostility, and anxiety-depression) was used
to categorize the symptom items.** Cognitive functioning
was evaluated using the California Verbal Learning Test-
Second edition (CVLT-1I) and Wechsler Memory Scale-
Revised (WMS-R).33

MRI Acquisition Parameters

The images were acquired using a Siemens Trio 3T
MRI scanner. The parameters for the high-resolution
T -weighted anatomical scan included: slice thick-
ness = 1 mm; 176 slices; repetition time (TR) = 1900 ms;
echo time (TE) = 2.26 ms; matrix = 256 X 256; and field
of view = 250 X 250 mm. The parameters of the DWI
were as follows: slice thickness =2 mm; 64 directions;
TR/TE = 9000/93 ms; flip angle = 90°; matrix = 96 X 96;
axial slices, b = 0 and 1000 s/mm?.

DTI-ALPS Processing

The DWI data underwent the following preprocessing
steps: (1) denoizing using Maréenko-Pastur principal
component analysis®*; (2) Gibbs-ringing artifact re-
moval’’; (3) motion and distortion artifact correction’®;
and (4) bias field correction. The bias field was first cal-
culated from » = 0 in the DWI image and then utilized to
correct all DWT images.* Diffusivity maps in the direction
of the x-axis (Dxx), y-axis (Dyy), and z-axis (Dzz) and FA
were calculated by using MRtrix3 (version 3.0.3).** The
corona radiata projection and the superior longitudinal



Glymphatic System Dysfunction in Schizophrenia

Table 1. Demographic Variables and Clinical Characteristics of All Participants

SZ,n=43 HC, n =108 Statistical Tests
th? P
Demographic data
Age (y) 36.53 +9.11 31.76 + 8.87 2.962 .004
Gender [male, n (%0)] 32 (74.4%) 53 (49.1%) 8.029 .005
Symptom
SAPS global score 1.49 £ 0.91
SANS global score 1.85£0.97
YMRS total score 8.42 +6.41
HAMD total score 9.58 £7.82
BPRS score
Positive 280+ 1.15
Negative 1.80 £ 0.75
Manic-hostility 1.74 £ 0.71
Anxiety-depression 2.51+1.28
CVLT-II
Trials 1-5 total score 40.36 £ 9.75 56.72 £ 7.82 9.721 <.001
Short-delay free recall 8.09 £3.73 12.78 £ 2.31 7.660 <.001
Short-delay cued recall 8.28 £3.79 12.78 £ 2.31 7.255 <.001
Long-delay free recall 8.86 +3.21 13.14+2.22 8.003 <.001
Long-delay cued recall 9.53+3.24 13.66 = 1.95 7.787 <.001
Long-delay recognition trial (total hits) 14.00 = 1.87 1531+ 1.14 4.284 <.001
Long-delay recognition trial (total false positives) 5.12+5.62 1.31 £2.39 —4.281 <.001
WMS
Visual Reproduction Total Score 53.05 £ 18.80 70.06 £ 12.48 5.472 <.001
Symbol Search Total Score 16.72 £ 5.50 25.44 £ 6.54 7.707 <.001
Digit Span Total Score 22.56 +4.78 30.10 £ 5.92 7.439 <.001

Note: BPRS, Brief Psychiatric Rating Scale; CVLT-II, California Verbal Learning Test—second edition; HAMD, Hamilton Psychiatric
Rating Scale for Depression; HC, healthy control; SANS; Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assess-
ment of Positive Symptoms; SZ, schizophrenia; YMRS, Young-Mania Rating Scale; WMS, Wechsler Memory Scale.

fasciculus were used to represent the projection and as-
sociation fibers, respectively, for the ALPS index calcula-
tion.”* The 5-mm-thickness masks were generated at the
lateral ventricle body level for both fiber regions, using
the JHU atlas (ICBM labels 2 mm).*! Regions of interest
were set on both cerebral hemispheres, and the average
values were computed.

Transformation matrices were derived between the
Montreal Neurological Institute (MNI)-152 spaces and
individual 3D T1WI images, and between 3D TIWI and
FA images. The combined transformation matrix was used
to convert the MNI-152 spaces (JHU atlas masks) into FA
native spaces. With thiscombined matrix, diffusivity values
were registered in the x, y, and z directions for projection
fibers and association fibers, labeled as Dxxproj, Dyyproj,
Dzzproj, Dxxassoc, Dyyassoc, and Dzzassoc. The ALPS
index was computed as ([mean(Dxxproj + Dxxassoc)/
mean(Dyyproj + Dzzassoc)]).2* We calculated the ALPS
indices for both the left and right hemispheres, as well as
the mean ALPS index for each hemisphere.

Statistical Analysis

Statistical analyses were conducted using R software
(version 3.0.2). To assess the normality of distribution,

we employed the Shapiro-Wilk test. For between-group
comparisons, we utilized the 2-sample independent
t-test or the Mann-Whitney U test for continuous vari-
ables and Fisher’s exact test for categorical variables, as
deemed appropriate. To examine the effects of group,
cognitive performance, and their interactions in ALPS,
2-way ANOVA was used. Group (schizophrenia vs HCs),
cognitive performance served as factors, and age and
sex served as covariates. Multiple comparison correc-
tion was performed using the false discovery rate (FDR)
method. Additionally, exploratory partial correlation
analyses were undertaken to investigate the relationship
between the ALPS index and various clinical parameters,
with adjustments made for age and sex (uncorrected).
Significance was set at P values less than .05 (2-sided).

Results

Clinical Characteristics

Demographic and clinical data characteristics of
people with schizophrenia and HCs are provided in
table 1. People with schizophrenia displayed signifi-
cantly older age (¢ = 2.96, P = .004) and a higher pro-
portion of males (%*> = 8.03, P =.005) compared with
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HCs. The people with schizophrenia recalled fewer
words correctly than HCs on CVLT-II trials 1-5 total
score (40.4 £ 9.75 vs 56.7 £ 7.82, t =9.721, P < .001).
Similarly, the people with schizophrenia showed lower
levels of short-delay free recall, short-delay cued re-
call (8.1 +£3.73 vs 12.8+2.31, t=7.660, P<.001;
83+3.79 vs 128231, r=7.255 P<.001) and
long-delay free recall, long-delay cued recall (8.9 = 3.21
vs 13.1£2.22, r=8.003, P<.001; 9.5%+324 wvs
13.7£1.95, t=17.787, P <.001). People with schizo-
phrenia performed significantly worse than HCs on the
long-delay recognition trial (14.0 + 1.87 vs 15.3 = 1.14,
t =4.284, P<.001). All 3 indices of the WMS-R were
significantly lower in people with schizophrenia than in
HCs (Visual Reproduction Total Score: 53.1 = 18.80 vs
70.1 £ 12.48, t = 5.472, P < .001; Symbol Search Total
Score: 16.7 £ 5.50 vs 254+ 6.54, t =7.707, P <.001;
Digit Span Total Score: 22.6 +4.78 vs 30.1 £ 5.92,
t=17.439, P <.001).

Main Effects of Group Factor

As shown in table 2 and Figure 1, the DTI-ALPS index
of the left hemisphere, right hemisphere, and whole
brain was significantly lower in people with schizo-
phrenia compared with controls after controlling for age
and sex (F=9.001, P=.011; F, o =10.024, P=.011;
F 14 = 5921, P=.044, FDR corrected, respectively).
The diffusivities along the x-axis of the projection fiber
in the left hemisphere were lower in people with schiz-
ophrenia than that in HCs (F=9.155, P=.011, FDR
corrected).

Group X Cognitive Performance Interaction Effects

As shown in table 3, we did not observe significant inter-
action effects between group status and cognitive perfor-
mance on the DTI-ALPS index.

Table 2. Group Comparisons of ALPS Index

Correlation Between the DTI-ALPS Index and Clinical
Characteristics

We found that the global ALPS index demonstrated sig-
nificant correlations with cognitive performance meas-
ures, specifically the Symbol Search and Digit Span Total
Scores, with correlation coefficients of 0.311 (P = .048)
and 0.345 (P = .031), respectively. Furthermore, when
focusing on the right hemisphere, the DTI-ALPS index
showed significant associations not only with the afore-
mentioned cognitive tests but also with the trials 1-5
total score, yielding correlation coefficients of 0.311
(P =.034), 0.323 (P =.039), and 0.311 (P =.048), re-
spectively (table 4 and figure 2). Initially, our explora-
tory correlation analyses between DTI-ALPS metrics
and clinical indicators did not apply a multiple com-
parison correction; we subsequently applied the FDR
correction to these analyses. Unfortunately, after this
adjustment, the results did not reach statistical signifi-
cance (P > .05).

We did not observe a significant correlation between
age and the DTI-ALPS index when analyzing the schizo-
phrenia and HC groups separately. However, upon com-
bining the data from both groups, a negative correlation
emerged, suggesting that the DTI-ALPS index decreases
with age across the entire study population (r = —.215,
P =.008, table 5).

Discussion

In the present investigation, we utilized the DTI-ALPS
index, derived from a noninvasive diffusion-based
methodology, to evaluate glymphatic function in indi-
viduals with schizophrenia, who exhibit various levels
of sleep disturbances and cognitive deficits. Our find-
ings reveal a reduced glymphatic function in these in-
dividuals compared to HCs. Interestingly, we found
no significant interaction effects between group status
and cognitive performance on the DTI-ALPS index.

SZ,n=43 HC, n =108 Statistical Tests
F P P (FDR Corrected)
ALPS 1.33(0.11) 1.46 (0.18) 9.001 0.003 011
ALPS_L 1.32(0.12) 1.46 (0.19) 10.024 0.002 011
ALPS_R 1.34 (0.13) 1.45(0.20) 5.927 0.016 .044
x_projection_L (x1073 mm?/s) 0.58 (0.04) 0.62 (0.07) 9.155 0.003 011
x_association_L (X107 mm?/s) 0.69 (0.06) 0.73 (0.07) 4.953 0.028 .051
y_projection_L (X107 mm?/s) 0.56 (0.06) 0.53 (0.07) 0.759 0.385 423
z_association_L (X107 mm?/s) 0.41 (0.05) 0.40 (0.05) 0.931 0.336 411
x_projection_R (X103 mm?/s) 0.59 (0.04) 0.62 (0.06) 4.997 0.027 .051
x_association_R (X107 mm?s) 0.69 (0.06) 0.72 (0.07) 3.441 0.066 103
y_projection_R (X1073 mm?/s) 0.56 (0.06) 0.52(0.07) 1.371 0.244 335
z_association_R (X107 mm?/s) 0.40 (0.04) 0.40 (0.05) 0.011 0.917 917

Note: ALPS, along the perivascular space; FDR, false discovery rate; HC, healthy control; L, left; R, right; SZ, schizophrenia.
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Fig. 1. Comparisons of the DTI-ALPS index. Comparisons of the DTI-ALPS index between the schizophrenia and HC groups in the
left/right hemisphere and whole brain. * P<.05; **P<.01. Note: ALPS, along the perivascular space; DTI, diffusion tensor imaging; HC,

healthy control.

Table 3. Group X Cognitive Performance Interaction Effects on ALPS

Clinical Variables F P
ALPS Group X Symbol Search Total Score 2.253 135
ALPS Group X Digit Span Total Score 2.82 .095
ALPS_R Group X Symbol Search Total Score 2.895 .091
ALPS_R Group X Digit Span Total Score 3.268 .072
ALPS R Group X Trials 1-5 total score 0.003 957
Note: ALPS, along the perivascular space; L, left; R, right.
Table 4. Relationships Between ALPS and Clinical Variables in People With Schizophrenia

Clinical Variables r P
ALPS BPRS negative symptom subscales -.33 .032
ALPS_L BPRS negative symptom subscales -.39 .010
ALPS_L SANS global score -.35 .023
ALPS Long-delay free recall 32 .039
ALPS_L Trials 1-5 total score .34 .025
ALPS Trials 1-5 total score .34 .027
ALPS_L Symbol Search Total Score .36 017
ALPS_R Symbol Search Total Score .37 .018
ALPS Symbol Search Total Score .37 .015
ALPS Digit Span Total Score .30 .049

Note: ALPS, along the perivascular space; BPRS, Brief Psychiatric Rating Scale; L, left; R, right; SANS, Scale for the Assessment of

Negative Symptoms.

Moreover, our analysis identified a correlation between
the DTI-ALPS index and impaired cognitive perfor-
mance across different domains, highlighting the DTI-
ALPS index as a valuable noninvasive tool for detecting
and quantifying alterations in glymphatic function in
schizophrenia.

To further understand the relationship between
glymphatic function and psychotic symptoms, we

conducted a partial correlation analysis examining the
association between the BPRS subscales and the DTI-
ALPS index, taking into account potential confounding
factors such as age and sex. The BPRS, known for its ef-
ficacy in evaluating the severity of psychotic symptoms,
especially under severe conditions like schizophrenia,
comprises 5 subfactors: anxiety and depression, lack
of wvitality, thinking disorder, activation, and hostile
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Table 5. Relationships Between ALPS and Age

Clinical Variables r P
ALPS_L Age (Total n = 151) =215 .008
ALPS_R Age (Total n = 151) —-.147 .072
ALPS Age (Total n = 151) —-.192 018
ALPS_L Age (HC n=108) -.115 236
ALPS_R Age (HC n=108) —-.093 .339
ALPS Age (HC n =108) -.11 257
ALPS_L Age (SZ n=43) -.284 .065
ALPS_R Age (SZ n=43) —.068 .666
ALPS Age (SZ n = 43) -.191 22

Note: ALPS, along the perivascular space; HC, healthy control; L,
left; R, right; SZ, schizophrenia.

suspicion.* However, our analysis indicated no signifi-
cant correlations between the DTI-ALPS index and any
BPRS subscales, suggesting that glymphatic function
alterations, as quantified by the DTI-ALPS index, may
not be directly linked to the symptomatic dimensions as-
sessed by the BPRS in our study population (supplemen-
tary table S1).

Additionally, our study uncovered a decreased diffusion
coefficient along the x-direction in the projection fiber re-
gions of individuals with schizophrenia compared with
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HCs. This suggests a potential disruption in the integrity
of these fibers, which could impair the efficient transmis-
sion of motor and sensory information. Such disruptions
could contribute to the motor and sensory integration
deficits often observed in schizophrenia, including altered
sensory processing and impaired motor coordination.*#
The significance of these findings lies in their potential to
enhance our understanding of the structural changes in
schizophrenia, particularly in the context of white matter
pathways. By elucidating the specific alterations in projec-
tion fibers, we can better comprehend the neural underpin-
nings of the motor and sensory deficits in schizophrenia.

Schizophrenia has been linked to dysregulation of
neurotransmitters, such as dopamine, norepinephrine, and
serotonin.**# Norepinephrine has been identified as the
primary neurotransmitter responsible for suppressing the
glymphatic system during wakefulness by inhibiting
the flow of cerebrospinal fluid in the choroid plexus.®
Additionally, dopaminergic signaling plays a crucial role
in regulating arousal.*’” Consequently, disruptions in do-
pamine metabolism may result in difficulties in regulating
sleep and wakefulness, potentially impacting the function
of the glymphatic system.*

The pivotal discovery of our study underscores a sig-
nificant correlation between the DTI-ALPS index and



cognitive performance among people with schizophrenia.
Cognitive impairment remains a hallmark characteristic
of schizophrenia, afflicting over 70% of individuals with
the condition. Echoing the findings from extant research,
our study reveals a notable decrement in certain facets
of cognitive functioning, as measured by the CVLT-II
and the WMS-R in people with schizophrenia.* > This
correlation not only enriches our understanding of the
cognitive deficits associated with schizophrenia but also
highlights the DTI-ALPS index as a potential biomarker
for cognitive performance in this population.

Previous studies have reported that ALPS-index levels
were decreased, and correlated with cognitive function in
people with Alzheimer’s disease, small vessel disease, be-
havioral variant frontotemporal dementia, and metabolic
syndrome.***® Similar to the neurodegenerative diseases
with cognitive deficit, our study demonstrated that the
ALPS index was lower in people with schizophrenia than
HCs, and it was correlated with their cognitive function
in schizophrenia. Notably, a lower DTI-ALPS index was
correlated with worse cognition, suggesting that these
cognitive domains are more susceptible to glymphatic
impairment. We propose that improving glymphatic
function could represent a novel therapeutic approach
for schizophrenia, such as the preservation of cognitive
function.

Sleep-onset and maintenance insomnia are common in
people with schizophrenia, regardless of their medication
or the phase of the disorder. While antipsychotic drugs
can help improve sleep disturbances in people with schiz-
ophrenia, they do not always guarantee better sleep.’’
The glymphatic system clears the cerebral protein waste
products, and is mostly active during sleep®®; thus, sleep
disturbances might compromise glymphatic function in
pathological conditions. In line with our findings, Siow
et al® reported significant associations between sleep
problems and glymphatic dysfunction in community-
dwelling older adults. Recently, a study conducted by
Cai et al® discovered a negative association between the
ALPS index and sleep disruptions in Parkinson’s disease
(PD). The impaired arousal state or sleep disturbances
may be somewhat related to the reduced activity of the
glymphatic system. Importantly, our findings propose
that improved sleep may play a pivotal role in the treat-
ment of schizophrenia.®!

A recent investigation led by Wang et al®* elucidated
a decrement in the DTI-ALPS index concomitant with
aging across a robust cohort of 693 participants. This
decline is thought to reflect the reduced efficiency of
glymphatic clearance mechanisms, which play a crucial
role in the removal of brain waste products and, thus,
are implicated in the aging process.®® In our study, when
analyzing the schizophrenia and HCs groups separately,
we did not observe a significant correlation between age
and the DTI-ALPS index. However, upon combining the
data from both groups, a negative correlation emerged,

Glymphatic System Dysfunction in Schizophrenia

suggesting that the DTI-ALPS index decreases with age
across the entire study population. We speculated that the
lack of significant findings within each group individu-
ally could be attributed to the relatively smaller sample
sizes, which may limit the statistical power necessary to
detect such associations.

This study had some limitations. First, the sample size
was relatively small. Second, our study was unable to an-
alyze the causal relationship between cognitive deficit and
glymphatic function. It is possible that cognitive deficits
and glymphatic dysfunction have bidirectional roles in
neuropsychiatric disorders, potentially forming a vicious
cycle. Therefore, we propose that future research should
incorporate longitudinal studies. Third, all individuals
with schizophrenia in our study had a history of anti-
psychotic medication use, often with exposure to multiple
drugs. The variability in antipsychotic medication among
people with schizophrenia in our study introduces a sig-
nificant confounding factor, necessitating a cautious in-
terpretation of our findings.

In conclusion, our study underscores the pivotal role of
glymphatic dysfunction in the etiology of schizophrenia.
Moreover, our research sheds light on the intricate link
between glymphatic deficits and cognitive impairments
observed in schizophrenia, offering novel insights into
their association. Importantly, our study posits that aug-
menting glymphatic functionality presents a viable ther-
apeutic avenue for schizophrenia, suggesting a novel
paradigm in treatment strategies.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.
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