
 

Study identifies five sleep types whose
changing patterns yield insights into chronic
and acute conditions
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Researchers signled out five types of sleep based on analyses of five million
nights across roughly 33,000 people wearing an Oura ring. Credit: OURA

Your sleep tracker might give you information about more than just your
sleep–specifically, it might give you information about chronic
conditions such as diabetes and sleep apnea, and illnesses such as
COVID-19.
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This is one of the findings of a study that analyzed data from 5 million
nights of sleep across roughly 33,000 people. Based on the new analyses,
the researchers identified five main types of sleep, which they called
sleep phenotypes, and which can be further divided into 13 subtypes.

The researchers also found that how and how often a person switches
between sleep phenotypes could offer two to ten times more information
relevant to detecting health conditions compared with just relying on a
person's average sleep phenotype alone.

The study appears in the journal npj Digital Medicine on June 20, 2024.

Using data collected from Oura Ring–a smart ring that tracks sleep, skin
temperature and other information–the researchers looked at individual
people over a series of months, noting whether they had chronic health
conditions such as diabetes and sleep apnea, or illnesses such as
COVID-19 and the flu.

The research team found that people would often move between sleep
phenotypes over time, reflecting a change in an individual's health
conditions, and creating what resembles a person's travel log through the
data-driven sleep landscape the researchers created.

"We found that little changes in sleep quality helped us identify health
risks. Those little changes wouldn't show up on an average night, or on a
questionnaire, so it really shows how wearables help us detect risks that
would otherwise be missed," said Benjamin Smarr, one of the study's
senior authors and a faculty member in the Jacobs School of Engineering
and Halicioglu Data Science Institute at the University of California San
Diego.

In addition, the researchers highlighted that tracking changes in sleep
over the long term at the population scale could unlock new insights that
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are relevant for public health, such as whether some changes in patterns
through these sleep landscapes can provide early warning for chronic
illness or vulnerability to infection.

The research team's work is based on new analyses from the TemPredict
dataset from University of California, San Francisco, which was created
using data collected from people wearing the commercially available
Oura Ring during the 2020 COVID-19 pandemic.

The analyses were led by Smarr, who is also faculty in the University of
California San Diego Shu Chien—Gene Lay Department of
Bioengineering, and Professor Edward Wang in the University of
California San Diego Department of Electrical and Computer
Engineering, collaborating with the study lead at University of
California, San Francisco, Professor Ashley E. Mason, a practicing sleep
clinician. The lead author was Varun Viswanath, a graduate student in
the Department of Electrical and Computer Engineering at the
University of California San Diego Jacobs School of Engineering.

The five sleep types

These are the five sleep phenotypes researchers singled out based on
data from 5 million nights of sleep across roughly 33,000 people. While
many factors went into the study, the researchers also identified some
trends that help to intuitively separate the 5 sleep phenotypes.

Phenotype 1: What we think of as "normal" sleep. In this
phenotype, people get about eight hours of uninterrupted sleep
for at least six days in a row. This is the type of sleep
recommended by the National Institutes of Health and was the
most common sleep type researchers found.

Phenotype 2: People sleep continuously about half the nights, but
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they only sleep for short periods of time in bouts of less than
three hours the other half.

Phenotype 3: People sleep mostly continuously, but they
experience interrupted sleep around one night each week. The
interrupted night is characterized by one period of relatively long
sleep of about five hours, and one period of short sleep of less
than three hours.

Phenotype 4: People again sleep mostly continuously. But they
experience rare nights, in which long bouts of sleep are separated
by a mid-sleep waking.

Phenotype 5: People only sleep for very short periods of time
every night. This phenotype was the rarest the researchers found,
and represents extremely disrupted sleep.

Tracking changes in sleep type

To measure how sleep phenotypes changed over time, Viswanath
constructed a spatial model of all 5 million nights, in which the
phenotypes were represented as different islands, composed of mostly
similar weeks of sleep. Different patterns emerged over time that
allowed the researchers to model each individual's routes between
islands.

From there, what helped to distinguish people with chronic conditions,
such as diabetes and sleep apnea, was not their average phenotype.
Instead, it was how frequently they switched between islands in this sleep
landscape. In this way, even if someone switched phenotypes only rarely,
the fact that they did switch could still provide useful information about
their health.
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The data showed that it is rare for most people to go multiple months
without a few nights of disrupted sleep. "We found that the little
differences in how sleep disruptions occur can tell us a lot. Even if these
instances are rare, their frequency is also telling. So it's not just whether
you sleep well or not—it's the patterns of sleep over time where the key
info hides," said Wang, a co-author and electrical and computer
engineering faculty member at UC San Diego.

Conversely, people did not tend to remain in patterns defined by broken
up sleep. But how often they visited specific disrupted-sleep patterns
says a lot about how well they're doing.

"If you imagine there's a landscape of sleep types, then it's less about
where you tend to live on that landscape, and more about how often you
leave that area," said Viswanath, the paper's corresponding author.

Previous research

In this new paper published June 20, the research team modified the
technique used in previous research that had been the largest similar
investigation of sleep to date, which had drawn approximately 103,000
nights of data from the UK biobank. That previous study looked at sleep
timing and awakenings and many related features, and then constructed a
"landscape" of where nights fell in relation to each other. But prior
researchers did not do two key things: they could not look across time, as
they had only two to three nights per person; and they could not tie the
resulting patterns of sleep to health outcomes.

Other large-scale sleep analyses looked at high-level differences in
simple sleep characteristics, like the total time people spent asleep.

In contrast, this new work is the first to show that researchers can
quantify the changing dynamics of people's sleep over time and use this
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quantification to give people better insights into their sleep health. The
research also suggests that these changes in sleep may indicate a higher
risk for a wide range of conditions.

  More information: Varun K. Viswanath et al, Five million nights:
temporal dynamics in human sleep phenotypes, npj Digital Medicine
(2024). DOI: 10.1038/s41746-024-01125-5
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