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Technical Note
Automatic Sleep/Wake Identification From Wrist Activity
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Summary: The purpose of Lhis stody »s 10 develop s validste sutamatic scvning melkaods 1o distinguish gecp
from wakelalness based on wrist agtivily. Focty-one subjects (14 mormalsand 235 with slesp or peyehiatric disrders)
wore a wrist actigruph dusing overnight polysomrogmphy. In 2 medemly sclocted subsample of 20 subjoes,
candidalr sleep'wake prediction algorithms were eraively optimized agaicst sandand slogpiwake scores, The
aptimal algoritims obtzined for various data cellective epach lengshs wers thisn prospeciively tesiad on the refaining
21 subjects, The final algorithes correclly distingulshed seep fram wokelalness ppprosimately 85% of the e
Actgraphic sleep per e and gleep lareney estimales carrelzted D 62 and 0.90, respectively, with correspoading
paramelers scared from Lhe polysomnagram: (p < 0.0001), Autamatis scoring of wrisl activity pravides valzble
infrrlion sbout sleep and wakefulness that rould be wsedul in botl elinical and reseasch appliculions. Key Words

Artivity ~Slesp—Wrist actigrph — Ausomatic seoring.

Many research and clinical situations call for an in-
expensive, umobirusive method of obtaining human
sleep'wake data ontside of the laboratory. Mullaney e1
al. (1) showed that dars abtained from 2 wrist-mnunied
mnvement detecior could be manvally scored 1o dis-
tinguish sleep from wikefulness with 2 high degree of
accuracy, as compered to polysomnographic (PSG)
sooring. However, 1he pansiaking labor involved in
manwl storing reduces the practicality of this method
for everyday use, Wehster et el. (2} developed an au-
tomatic method for scoring wrist ac vity data for sleep
and wakefulness. The scoring algorithm they devel-
oped was optimized only for their experimental wrist
actigraph, leaving 11 uncertain whether their method
could be generalized to actigraphic instruments now
commercially available.

The goal of this study was to replicate and expand
upon Webster's work by developing 2 se1 ol sutomatic
scoring algorithms that could distinguish sleep from
witkefulness in @ wide variety of mormal and sleep-
disardered subjects, using wrist activity data ohtained
by & commercially avatlable wrist actigraph.) We mea-
sured wrist aclivity during overnight polysomnogra-

! Moticalogger Actgraph, Ambelzdory Moaltoning, Ine . 73] Saw
Ml River Rosd, Ardskey, New York 10502, USA

Aocepied for publicalsom Jupe 1997,

Addres correspoadence and reprind seguesis lo Reper 1 Cole,
Ph.D., 9300 Giman Dy, La Jolla, Califorain 920930847, 1154,

phy in 41 subpects and analyzed the results ona minute-
by-minute bagis, Activity scoring alporithms were
developed for several data collection epoch lenpths.
These algarithms correctly distinguished steep from
wikelulness in approximately §3% of minutes scored.

METHODS
Subjuects

Qur sumple of d | suljects included 32 men and nine
women. Mean age was 50,2 = 14,7 years. Table |
shows subject ages and polysomnographic sleep effi-
ciencies in each diagnostic calegory,

The sample was selecled o survey both normal sleep
and a divessity of sleep disorders, It included 15 nor-
mal contrals, three elderly normals, 12 psychiatric ine
paticnis, four slesp apnca patients, Theee patients with
disorders of maimaining sleep (DIMS), three bereaved
widows, and one back pain patient. Primary diagnoses
of the psychiatric paticns included DSM IIIR {3) ma-
Jor depressive disorder (n = T), bipolar disorder (n =
2}, organic moud disorder (n = 1), personality disorder
{n = 1) and schizophrenia {n = 1). Mast of these pa-
tienis also had comorbid diagnoses, including alcohol
abuse (n = i, substance abuse {n = 2} and personality
disorder (n = 31 The sleep apnea patients showed an
average of 33.7 2 23,1 arerial oxygen desalumtion
events per hour, where a desaturalion cvent was de-
fined as & reduction in arterial oxyzen saturation of al

461

| Motionlogger Actigraph, Ambulatory Monitoring, Inc., 731 Saw
Mill River Road, Ardsley, New York 10502, U.S.A.
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