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Sleep temporarily changes our responsiveness to the world, yet it is not simply a period in
which the brain stops working. Its stages have organized patterns of activity, and
disrupting sleep can impair subsequent performance. The puzzle is why these functions
require, or benefit from, a recurring state so different from ordinary wakefulness.

There is a tempting shortcut: identify one process that changes during sleep and announce
that it is the reason sleep exists. That conclusion joins several questions too quickly. A
process can occur during sleep, contribute to a benefit of sleep, or help explain its
evolutionary maintenance. Demonstrating one of those relationships does not
automatically establish the others.

1. What counts as sleep?

In humans, physiological recordings distinguish non-rapid-eye-movement and
rapid-eye-movement sleep, with further stages identified through characteristic
measurements of brain activity and other signals. Sleep studies can combine brain
recordings with eye movements and related observations. [1] Stillness alone is insufficient:
someone lying quietly awake has not necessarily entered the same state.

Across species, researchers cannot always apply human staging criteria unchanged.
Behavioral evidence can instead examine reversible quiescence, reduced responsiveness
and a compensatory response after deprivation. These criteria make the question
experimentally approachable without assuming that every animal has human sleep
architecture.

Nath and colleagues reported such a sleep-like state in the jellyfish Cassiopea, including
reduced responsiveness during quiescence and changes after nighttime disruption. [2] The
finding broadens the comparative problem beyond animals with a centralized brain. It
does not show that a jellyfish dreams or possesses every function associated with human
REM sleep.

2. A function needs an outcome

Evidence that sleep supports cognition includes effects on learning and memory, while
sleep deficiency can impair attention and response. The NHLBI summarizes these
relationships alongside other physiological roles. [3] The breadth of the effects is one
reason not to reduce sleep to a single isolated task.

Experimental interpretation still requires controls. Keeping an animal or person awake
can alter stress, movement, feeding and the timing of experience. If performance later
changes, the design must help distinguish the loss of sleep from those accompanying
changes. Likewise, comparing people who naturally sleep different amounts can reveal an
association without isolating its cause.

A useful memory experiment separates initial learning, the interval that follows, and later
testing. If two groups learned differently before sleep was manipulated, a later difference
might not reflect consolidation. If they are tested at different times of day, another
explanation enters. These are features of causal reasoning, not reasons to dismiss the
observed importance of sleep.
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3. One benefit need not be the only benefit

A change in neural activity may help stabilize some information while modifying other
connections. Metabolic, immune and physiological regulation may also vary with sleep
state. [3] These functions need not compete for the title of the one true purpose. A
recurring state can support several processes whose evolutionary histories and immediate
mechanisms are not identical.

The reverse inference is also unsafe. Showing that a process can occur while awake does
not establish that sleep contributes nothing to it. The relevant comparison might concern
efficiency, coordination, timing or trade-offs with other activity, rather than absolute
presence versus absence.

Imagine a hypothetical task completed in both waking and sleeping conditions, but with
different interference from new information. A binary measurement of whether the task
occurred would miss the difference. An informative experiment would need a measure
matched to the proposed advantage, not merely a yes-or-no observation.

4. Brain clearance is a live mechanistic controversy

Xie and colleagues reported in mice that natural sleep and anesthesia were associated
with changes in interstitial space and enhanced clearance of a studied substance,
supporting a connection between sleep and metabolite removal. [4] This work helped
motivate the proposal that changes in fluid transport contribute to sleep's restorative
effects.

Miao and colleagues later used fluorescent tracers in male mice and reported reduced
clearance during sleep and anesthesia under their experimental conditions. [5] A
subsequent published critique challenged their methodology, analysis and assumptions,
and the original investigators published a reply disputing those objections. [6,7] These are
competing interpretations of particular experiments, not a basis for declaring that sleep is
useless or that all brain-clearance questions have been settled.

Tracer entry, movement through tissue and removal from the measured compartment are
distinguishable quantities. A larger signal in one location can reflect more entry, less exit
or a changed distribution. Comparing studies therefore requires examining injection
routes, substances, timing, physiological state and the model used to infer clearance.

Nor should anesthesia simply be renamed sleep. A study may examine both states, but a
result under one drug regimen does not automatically describe natural sleep or every
anesthetic. Translating findings from mice into a universal account of human sleep adds
another inferential step.

5. How much uncertainty belongs in the answer?

We can be confident that sleep is a regulated state with important consequences while
remaining uncertain about the relative contribution of particular mechanisms. An
unresolved mechanism does not erase a reproducible outcome. Conversely, a
well-established outcome does not validate every attractive explanation offered for it.

Consider a hypothetical experiment in which sleep disruption reduces performance and
recovery sleep restores it. That supports a reversible relation between the manipulation
and performance. To establish a specific molecular mediator, investigators would need
evidence connecting its manipulation to the relevant effect, with appropriate controls.
Naming a molecule that also changes during sleep is not enough.

Comparative evidence is similarly informative but bounded. A sleep-like state in a distantly
related animal can constrain theories that require uniquely human cognition. It does not
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identify the original function of sleep with certainty, nor prove that identical mechanisms
operate in every lineage.

6. The answer without a single-purpose story

We need sleep because normal functioning depends on processes supported by recurring
sleep states, including well-supported roles in cognition and physiological regulation. [1,3]
The exact allocation of functions among stages, species and mechanisms remains an active
research problem. Some proposed mechanisms, including aspects of brain-fluid clearance,
have genuine methodological disputes. [4-7]

The conceptual mistake is to confuse “science has not settled one ultimate reason” with
“science does not know that sleep matters.” The evidence establishes important
consequences while leaving room to improve their explanation. That is a substantive
answer, even when it cannot be compressed into one universal maintenance operation.

Related reading

Article 032, “Why do living things age at different rates?”, distinguishes maintenance
processes from lifespan outcomes. Article 034, “Why do we not notice the blind spot in our
vision?”, examines another case where a familiar experience does not directly reveal its
neural mechanism. Both links are optional and reciprocal.
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