
Does Sleep Flush Wastes From the Brain?

Why do humans sleep? Most people spend one-third
of their lives asleep. For most of human history, individu-
als have been much more vulnerable to enemies and
predators when sleeping. But still, everyone sleeps and
cannot help but do it. So, there must be a good reason
for sleep, an evolutionary advantage.

Some Benefits of Sleep
One reason for sleeping may be to rest the brain and
body. Nevertheless, most organs continue to work dur-
ing sleep. In particular, the brain is highly active during
sleep.1 Sigmund Freud thought one purpose of sleep
was to grapple with negative thoughts buried in the un-
conscious through dreams. Sleep definitely helps to con-
solidate memories and learning. Some have speculated
that during sleep unused synapses are pruned, strength-
ening the rest of the synapses in the same way that prun-
ing dead branches enhances the health of a rose bush.
Together, these all might seem reason enough to sleep.

Within the past decade, however, new discoveries
have suggested another important role for sleep: a type
of “waste management.” Neurons and glia have high
metabolic rates and produce a lot of waste. The waste

includes toxic substances including 2 molecules
(amyloid-β [Aβ] and tau) central to the pathology of
Alzheimer disease (AD). Neurons and glia are easily in-
jured by such waste and therefore have a great need to
efficiently eliminate waste.

The brain has a variety of ways of eliminating waste
products, including local proteolytic degradation, phago-
cytosis by microglial cells, and passage across a porous
blood-brain barrier into the circulation. However, several
centuries of anatomical studies had found no lymphatic
system in the brain.2 That was puzzling because the lym-
phatic system drains waste products from other organs.

Thus, the brain, an organ composed of cells easily in-
jured by toxins and an organ that produces large amounts
of toxins, appeared to be deprived of a critical part of its
waste management system. Yet, to remain functional an
organ needs a good waste management system.

Discovery of Brain Waste Management Systems
Meningeal Lymphatic System
In 2015, lymphatic vessels were discovered in the menin-
ges of rodents, nonhuman primates, and humans.3 These
vessels carry both fluid and immune cells to deep cervical
lymph nodes, and ultimately into the systemic circulation.

Glymphatic System
A bigger surprise was the discovery of the glymphatic
system—first suggested in the 1980s4 and identified de-
finitively by Iliff and colleagues2 in 2012. The glymphatic
system is a drainage system that mingles “fresh” cerebro-
spinal fluid (CSF) with waste product–rich brain intersti-
tial fluid (ISF) and flushes the fluid and waste products out
of the brain and into the systemic circulation.

How the Glymphatic System Works to Flush Out the Brain
Fresh CSF, produced largely by the choroid plexus, trav-
els to the subarachnoid space. Then the CSF enters the
periarterial part of the glymphatic system (a tube that is
wider than the artery, like a collar around the artery
through which fresh CSF flows). Thus, the outer wall of
the artery also is the inner wall of the periarterial glym-
phatic vessel.

The outer wall of a glymphatic vessel is a truly
novel structure. It is composed of the flat end feet of
specialized astrocytes, which are densely studded with
water channels (aquaporins). The water channels are
like pores in a sieve.1 The CSF within periarterial glym-
phatic vessel passes through the water channels in the
outer wall of the vessel and out into a large space (the

neuropil). The neuropil is filled with
waste product–rich ISF and with neu-
rons and glial cells, packed together as
densely as passengers on a subway car
at rush hour before the pandemic.

Several forces (arterial pressure, dif-
fusion, pressures generated by respira-

tion) move the mixture of CSF and ISF toward the peri-
venous part of the glymphatic system. When it reaches
the perivenous glymphatic system, the fluid moves
through the water channels on the outer wall of that sys-
tem and into the perivenous glymphatic vessels. The fluid
travels down to the lymphatic system in the neck, and
then into the systemic circulation.

In short, fresh CSF travels from the choroid plex-
uses into the subarachnoid space, then into the periar-
terial glymphatic systems, then mixes with waste pro-
duct–rich ISF that surrounds the neurons and glial cells,
then passes into the perivenous glymphatic system, then
into the lymphatic system, and finally into the systemic
circulation. The brain has been flushed.

At least in animals, there is evidence that glymphatic
pathways also may be associated with cranial nerves. It is
not known whether fluid and solutes travel outside or
within the nerve—between its fascicles—nor how impor-
tant these neural routes are to waste removal.

Sleep and the Glymphatic System
Glymphatic Flow During Sleep
The flow of fluid through the glymphatic system is
greatest during sleep, particularly during non–rapid eye
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movement, slow-wave sleep.5 That is true even during daytime
sleep. Certain anesthetic agents (such as ketamine) also produce
the same effect in animals.6

During sleep, substantial changes occur to increase glym-
phatic flow. Most important, the ISF increases by 60%.6 How does
this happen? During sleep, intracellular fluid from neurons and glial
cells rushes through water channels in these cells and into the in-
terstitial space; intracellular volume shrinks and the ISF expands. With
more fluid, there is more flushing.

Up to 60% of large proteins and solutes are removed via the
glymphatic pathway.2 Removal of Aβ and tau2,7 mitigates the for-
mation and growth of Aβ-rich plaques and prevents the seeding and
spreading of tau filaments7—2 key features of AD. Perhaps more im-
portant, the glymphatic system flushes out the small, soluble forms
of Aβ and tau that may be neurotoxic.

Disorders That Impair the Glymphatic System
The function of the glymphatic system appears to be compro-
mised by aging. One reason that glymphatic function is decreased
with aging is that the number of water channels diminishes.

Glymphatic system function also is reduced in people with cir-
cadian misalignment (eg, shift work) and in people with a seden-
tary lifestyle. It also is reduced following traumatic brain injury, in con-
ditions characterized by elevated intracranial pressure, and in
patients with sleep apnea, obesity, hypertension, type 2 diabetes,
cerebrovascular atherosclerosis, cerebrovascular hemorrhage,
ischemic stroke, AD, and sleep disruption or deprivation.1

Are the Health Consequences of Sleep Deprivation Secondary to
Glymphatic Dysfunction?
Chronic sleep loss is associated with a variety of neurological disor-
ders, including AD, Parkinson disease, multiple sclerosis, stroke,
Huntington disease, epilepsy, glioma, autism spectrum disorders, and
neuropathic pain. Sleep deprivation also reduces glymphatic sys-
tem function. Could the latter explain the former?

The possibility is clearest with AD. In fruit flies, rodents, and
humans with normal cognitive function, sleep deprivation appears

to increase the accumulation of Aβ.8 Animal studies indicate it
does so by impairing the function of glymphatic water channels.
For example, mice with impaired water channels (compared with
mice with intact water channels) have reduced glymphatic func-
tion, an accumulation of Aβ and tau proteins in the brain, neuroin-
flammation, loss of synapses, and decreased working memory.
Similarly, when the glymphatic vessels of mice are experimentally
ablated, Aβ deposits build up, and when the glymphatic vessels
are experimentally expanded, monoclonal antibodies targeting Aβ
(like those used in human AD trials) are much more effective in
clearing the Aβ.9 Adverse outcomes from impaired water channels
or glymphatic vessels become much more likely when the mice
are sleep-deprived.

Human studies are consistent with the animal studies. Inher-
ited polymorphisms in the water channels that reduce glymphatic
flow are associated with cognitive decline in prospective studies
of people with AD.1 In humans, total sleep deprivation for even 1
night causes an increase in the Aβ burden in the hippocampus
and thalamus.8 The pattern of spread of Aβ and tau in AD (and of
α-synuclein in Parkinson disease) mirrors the pattern of glymphatic
flow revealed by magnetic resonance imaging.1

Conclusions
The discovery of the glymphatic system and of the meningeal lym-
phatic system expands current understanding of how the brain elimi-
nates waste products. The previously noted correlation between
chronic sleep deprivation and several major diseases is plausibly ex-
plained by the resulting impairment in glymphatic system func-
tion, given its link to sleep. More human studies are needed, par-
ticularly in adolescents and children in whom sleep disruption is
common. One obvious focus of the research should be on thera-
pies that improve glymphatic system function.

Why do people sleep? How does the brain eliminate waste
products? Increasingly, it appears that the answers to these ques-
tions may be linked: a principal reason for sleep may be to activate
the newly discovered glymphatic system to flush waste products
from the brain.
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