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The glymphatic system, first described by the group led by Maiken 
Nedergaard [1], is a network responsible for clearing metabolic waste 
from the brain by facilitating cerebrospinal fluid (CSF) flow through 
brain tissue. This process is widely believed to be most active during 
sleep, particularly during non-rapid eye movement stage 3, when 
slow-wave activity enhances the convective exchange between CSF 
and interstitial fluid [2, 3]. In this context, the importance of sleep’s 
homeostatic function and its role in neuroinflammation and mal-
adaptive plasticity in various neurological and neuropsychiatric 
conditions, particularly neurodegenerative disorders, has recently 
been highlighted [4, 5]. Moreover, sleep disturbances in cognitive and 
depressive disorders are no longer viewed merely as a consequence 
but may also play a pathogenic or contributing role, including at 
the level of transcranial magnetic stimulation (TMS), as recently 
reviewed [6]. However, the precise role of the glymphatic system 
during sleep remains a subject of debate, as recent research has 
presented conflicting findings regarding its activation [7, 8]. These 
inconsistencies highlight the need for further research into the con-
ditions that optimize glymphatic function.

The manuscript titled “Enhancement of Glymphatic Function 
and Cognition in Chronic Insomnia Using Low-Frequency rTMS” [9] 
contributes to this ongoing discussion by exploring the relationship 
between chronic insomnia, glymphatic clearance dysfunction, and 
cognitive function. The study investigates whether low-frequency  
repetitive transcranial magnetic stimulation (LF-rTMS) can enhance 
glymphatic clearance and cognitive function in individuals with 
chronic insomnia. Repetitive TMS is a widely used, safe, and non-
invasive neuromodulatory technique [10, 11]. When applied in 
sleep medicine, the main hypothesis explaining its effects con-
cerns the modulation of synaptic plasticity and the strengthening 
of connections between brain areas involved in sleep disorders, as 
typically seen in patients with chronic insomnia, restless legs syn-
drome, or rapid eye movement (REM) sleep behavior disorder (RBD) 
[12–14]. Recently, there has been a significant increase in published 
rTMS studies on primary sleep disorders. A multi-database search 
supports the evidence that rTMS is safe and effective for chronic 

insomnia, particularly through bilateral stimulation of the dorsolat-
eral prefrontal cortex, the right parietal cortex, and the dominant 
primary motor cortex, leading to reduced subjective symptoms and 
severity scale scores, with effects lasting for weeks [15].

Briefly, findings from the study here commented indicate that 
patients with chronic insomnia exhibit significantly lower diffusion 
tensor imaging along the perivascular space (DTI-ALPS) index val-
ues compared to healthy controls, suggesting reduced glymphatic 
clearance efficiency. Furthermore, a negative correlation between 
insomnia severity and glymphatic function was observed, reinforc-
ing the idea that persistent sleep disturbances may impair this crit-
ical waste-clearing mechanism. Additionally, cognitive impairments 
related to attention, working memory, and inhibitory control were 
found to be associated with reduced glymphatic clearance effi-
ciency, suggesting a possible link between glymphatic dysfunction 
and the cognitive decline seen in chronic insomnia [16]. Following 
ten sessions of LF-rTMS, participants experienced notable improve-
ments in sleep quality and cognitive performance. Importantly, the 
DTI-ALPS index, a marker of glymphatic function, showed a signif-
icant increase three months after treatment, suggesting that neu-
romodulation can enhance glymphatic clearance. The correlation 
between improved glymphatic function and better sleep and cog-
nitive performance underscores the potential therapeutic benefits 
of LF-rTMS. These findings raise intriguing possibilities regarding 
neuromodulation’s role in mitigating neuroinflammatory and neu-
rodegenerative processes associated with poor sleep. By enhancing 
glymphatic clearance, LF-rTMS may serve as a novel intervention 
for conditions where impaired waste clearance contributes to dis-
ease progression, such as Alzheimer’s disease [3, 17].

This study provides clinical evidence that chronic insomnia 
may impair glymphatic clearance, aligning with prior animal 
model research that suggests glymphatic efficiency is highest 
during deep sleep [18]. While the reduction in glymphatic func-
tion observed in chronic insomnia patients [19] supports the the-
ory that sleep is critical for waste clearance, the fact that LF-rTMS 
improved glymphatic function after treatment rather than simply 
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during sleep itself suggests a more dynamic and modifiable sys-
tem than previously assumed. This finding contributes to the 
ongoing debate on whether glymphatic system activity is strictly 
tied to sleep or if other factors, such as neural excitability and 
cerebrovascular function, play an equally significant role in its 
regulation [8]. In this context, it is known that cortical and/or sub-
cortical chronic cerebrovascular lesions may affect the response 
rate to rTMS (potentially leading to partial or total resistance to 
rTMS) and, consequently, impact glymphatic function, as recently 
reported in patients with “vascular depression” [15]. However, in 
their study [9] the authors correctly recruited participants with-
out any brain lesions in order to minimize the potential effects of 
vascular burden on clinical outcomes and glymphatic clearance 
function.

The study also opens avenues for further research. Understanding 
the precise mechanisms by which LF-rTMS influences glymphatic 
function could help refine neuromodulation strategies for neurolog-
ical disorders linked to impaired clearance pathways. Longitudinal 
clinical and neurophysiological studies exploring whether LF-rTMS 
provides lasting glymphatic and cognitive benefits, particularly in 
populations at risk for neurodegenerative diseases (e.g. individuals 
with RBD at risk for Parkinsonian syndromes) [20], are necessary. 
Additionally, alternative interventions such as pharmacological 
agents or lifestyle modifications, in conjunction with LF-rTMS, may 
provide an even more effective means of enhancing glymphatic 
clearance and cognitive resilience. Lastly, a translational avenue 
of clinical and research interest may be the impact of new orexin 
receptor antagonists for treating insomnia on TMS-induced ther-
apy responses [21]. In short, the significance of this research [9] 
may extend beyond sleep medicine, representing a substantial step 
toward the further integration of individually tailored neuromodu-
latory techniques in neurology and medicine.

In conclusion, the findings of this study provide valuable 
insights into the complex relationship between sleep, the glym-
phatic system, and cognitive function. While the glymphatic 
system’s activity during sleep remains a contentious topic, evi-
dence suggests that interventions beyond sleep itself, such as 
LF-rTMS, can significantly impact glymphatic clearance. This 
underscores the importance of further research into the mod-
ulation of brain clearance mechanisms and their potential role 
in preventing neurodegenerative diseases. The study not only 
reinforces the link between chronic insomnia and glymphatic 
dysfunction but also highlights the therapeutic potential of 
neuromodulation in restoring cognitive function and promot-
ing brain health.
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