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Wearable sensors can tell when you are
getting sick, study shows
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Wearable sensors thal monifor heard rate, activity,
skin temperature and other vanables can reveal a
lat abaut what is gQoing on inside a person,
including the onset of infection, inflammaticn and
even insulin resistance, according to @ stuedy by
researchers at the Stanford University School of
Medicine.

An important companent of the ongoing study is to
establish a range of normal, or baseline, values for
each person in the study and when thay ara il

“We wanl 1o study people at an individual level,”
zaid Michael Snyder, PhD, professor and chair of
germlacs.

anyder is the senior author of the study, which will
be published online Jan 12 in PLOS Buslogy.
Fosidoctoral scholars Xiao Li, PhD, and Jessilyn
Cunn, FhD, and software engineer Denis Salins
sharg lead authorshep.

Altogether, the leam coliected neary 2 billion
measuremens from G peopdes, |r:4:||_|:jir15
continuous data from each participant's wearzble
brosensor devices and pariodic data fom
lzharatory tests of their blood chemistry, gene

expression and other measures. Participants worg
bebween one and gight commercially available
actvily monitors and other monitors that collected
more than 230,000 measurements a day. The leam
collected data on weight; heart rate; oxyvgen o the
blood; skan lemperature; activity, including sleep,
sleps, walking, biking and running; calories
axpanded; acceleration; and even exposune to
CAMME rays and X-rays.

"I weas very impressed with all the data that was
collected,” zaid Eric Topol, MD, professor of
genomics at the Scripps Ressarch Institute, who
wias not involved in the study. "Thera's 3 lot here—a
ot of sensors and a lot of different data on each
person.”

The study demonstrated that, given a baseline
range of values for each person, it is possible to
monitor deviations from normal and associale those
deviations with environmental conditions, iliness or
other faciors that affect health, Distinclive patterns
of deviation from narmal seem to comelate with
parkcular health problems. Algarithms designed to
pick up on these patterns of change could
potentally contribule fo climcal diagnostics and
research

The work iz an example of Stanford Medicine's
focus on precision health, whose ol 15 10
anticipate and prevent dizsease in the healthy and to
precsely diagnose and treat disease in the ill.

An unexpected diagnosis

Cnadong flight 1o Morway for a family vacation last
year, Snyder noticed changes in his heart rate and
Dhooed oxygen levals, As one of the B0 participants
i the digital health siudy, he was weaaring seven
biosensors. From previows nps, Smydar knew that
s oecyoen levels nomnally dropped donng arplams
Hrghiz and thal hes beart rate increased at the
beginning ol=s thghl-—as occurred m ather

]l ticicants. Bl the values I_'_.,'[_u-'_.;lii'_.,' returred 1o
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normal over the course of a long flight and after said Topol.

landing. This time, his numbsers didn't retum to

baseline. Something was up, and Snyder wasnt  More discoveries

completely surprised when he went on 10 devalop a

fever and other signs of illness, For Snyder, the Lyme diagnosis is just the tip of the

iceberg—part of very early work to begin guenying

Twio weaks earlier, he'd been helping his brather  massive data sets of health information. The results
build a fence in rural Massachusetts, so his biggest of the current study raise the possibility of

concern was thal he might have been bitten by 2 antifving inflammatory diseasa in individuals who

Bck and infecied with Lyme diseasea. In Monsay, may not even know they are getting sick. For
Snyder persuaded a doctor to give him a example, in several participants, higher-than-

prescription for doxycycline, an antibiotic known to normal readings for heart rate and skin temperature
combat Lyme disease. Subsequent tests confirmed correlated with increased levels of C reactivie

that Snyder had indeed been infected with the pratein in blood tests. C reactive protem is an
Lyrme microorganism, immne system marker for inflarmmation and often
indicative of infection, aulsimmune diseases
developing cardiovascular diSease or even cancer,
Sryder's own data revealed four separate bouts of
iliness and inflammation, including the Lyme
dizease infection and another that he was unaware
of undil he saw his sensor data and an increased
level of O reactive profein,

The wearable devices could also help distinguish
parlicipants with insulin resistance, 8 precursor Tor
Type 2 diabetes. OFf 20 participants who received
glucose tasts, 12 were insulin- resistant. The team
designed and tested an algonthm combining
participants’ daily steps, daytime haart rate and the
difference between daytime and nighttime heart
rala. The algorithm was able 1o process the data
from just these few simple measures to predict
which individuals in the study were likaly to be
insulin-resistant
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¥ el Thie stedy also revealed that declines in blood-
IEsEate. Lredil: Skeve Fisch oy gen levels during airplane flights were
correlated with fatigue, Fortunately, the stusdy
showed that people tend 1o adapt an long flights;
axygen levels in their blood go back up, and they

Snyder was impressed the s wiaarak
Y was impressed that the wearable qenerally feel less fatigued as the hours go by

osensors plcked up the indection bedore he even
knew he was sick, "Wearables helped make the
nitial diagnosis,” he said, Subsequent dala analysi
confirmed his suspicion that the deviatons from
normal heart rate and ooygen levels on the fight to
Morway had inceed been quite abnormal

"The desaturation of oxygen in flight was not

% something | anticipated,” said Topol, “Whenever
you walk up and down the aisle of a plane,
evenone 5 sleeping, and | guess fhere may be
anather reason for that besides thal they pariad
b hard the mighl before, That was really

interesting, and | ihowght it was great that the

“The fact 1

maendanng before they happen is wery provocatne,

Eyou can pick up infections by

authors did fhat




Topol noted thatl one of the biosensors used in the
Stucly doesn't work very well and that ancother has
been recalled. "A few are not going 1o hold up,” he
said, "Either they are not going o be availabls or
they are going to be praven to not be very accurate.
But what iz good about what the authors did here is
that they weren't just refying on one device, They
did ewverything they could with the kind of sensars
thal are available today to get data that was
mieaningful.”

The future of wearable devices

During a visit 1o the doctor, patients normally have
their blood pressure and body femperaiure
measured, but such data is typically collected onby
everny year or twa and often ignored unless the
resulls are outsidae of normal range for entire
populations. But biomeadical researchers envisage a
future in which hurman heaith is manitored
coninuously.

“We have more sansors on our cars than we have
an human beings,” said Snyder. In the future, he
zaid, he expects the situation will be reversed and
pecple will have more sensors than cars do,
Already, consumers have purchased millions of
wearable dewces, including more than 50 million
smart waiches and 20 milon other fitnass
monitars. Most monitors are used to track activity,
but they could easily be adjusted to more directiy
track health measures, Snyder said.

With a precasion health approach, every person
could know s or her normal basaline for dozens of
measures. Automatic data analyss coukd spatl
patterns of cullier data points and flag the onset of
ill health, providing an cpportunity for infervention,
prevention oF Clre,

More information: Li X, Dunn J. Salins O, Zhau
G, Zhouw W, Schissler-Fiorenza Rose SM, et al
(2017) Digital Health: Tracking Physiomeas and
Activity Lising Wearable Biosensors Reveals Usedul
Health-Related Information. FLoS Bl




