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Comparison of Sleep Indices between Both Wrist Actigraphies
and Nocturnal Polysomnography
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B ABSTRACT

The present study compared the actigraphic indices between both wrist actigraphies (WATGs), and the sleep estimates between each
WATG and nocturnal polysomnography (NPSG) to assess their differences and consistencies. We studied 22 right—handed subjects
(mean age 43.9+13.3 years, M : F=14 : 8) with untreated primary sleep disorders (primary insomnia=8, simple snorer=2, obstruc-
tive sleep apnea=12) undergone by overnight both WATGs and NPSG, simultaneously. Comparison and correlation were analyzed
between right and left wrist actigraphic data. In the sleep estimates of both WATGs and NPSG, each WATG was compared and
correlated with NPSG in sleep period time (SPT), total sleep time (TST), sleep latency (SL), sleep efficiency (SE) and wake time (WT).
Sleep indices between both WATGs showed significant positive correlations with no correlations in SL and fragmentation index (Fl).
There were no differences in sleep indices between both WATGs. SPTs of both WATGs, SL of left WATG, and TST of right WATG
showed positively significant correlations, and SE of right WATG did negatively significant correlation in sleep indices between each
WATG and NPSG. As each WATG was compared to PSG, SPTs of both WATGs and WT of right WATG were decreased, and TST and
SE of right WATG and SL of left WATG were increased. Inconsistent SL and Fl between both WATGs indicate that the activities between
both WATGs can differentially happen during wake or arousal. Inconsistent sleep estimates between each WATG and NPSG may in-
dicate the limited usefulness in measuring and analyzing one—night sleep by using WATG. Sleep Medicine and Psychophysiology
2007 ; 14(1) : 20-25
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Table 1. Demographic data in the right-handed subjects with
primary sleep disorders (n=22)

Variables Mean=+S.D. Range
Age (years) 43.91+13.32 22-77
Education (years) 13.45+ 3.73 6-18
Systolic BP (mmHg) 118.95+13.13 83-139
Diastolic BP (mmHg) 79.64+ 9.82 59—-95
BMI (kg/meter2) 23.66+ 3.57 17.2-31.6
Right handedness 17.86+ 0.35 17-18
Left handedness 0.14+ 0.35 0-1

BP : blood pressure, BMI : body mass index

Table 2. Polysomnographic data in the right-handed subjects
with primary sleep disorders (n=22)

Variables Mean=+S.D. Range
TIB (min) 408.98+57.52 261.2—498.6
SPT (min) 389.77+£52.49 258.4—472.7
TST (min) 336.29+59.16 246.5—436.2
SL (min) 19.21+23.70 1.2—99.2
SE (%) 82.91+10.20 56.1—-98.6
Awakenings 8.14+ 6.72 0-31
MT 1.18+ 5.11 0—-24
AHI 14.40+£22.75 0-80.3
oDl 18.13+23.19 0.1-725
Snore (min) 60.69+56.91 6.8—197.5
Snore (%) 15.91+16.43 0.4-55.4
LM 65.82+£66.40 7-292
PLM 0.50+ 2.35 0-11
Arl-respiratory 10.91+20.42 0—80
Arl-spontaneous 545+ 452 0—-15.7
Arl-total 16.36+18.96 0.5-80.3
Average_SpO2 94.72+ 2.49 87—-97.9

TIB : time in bed, SPT : sleep period time, TST : total sleep time,
SL : sleep latency, SE :sleep efficiency, MT : movement time,
AHI : apnea/hypopnea index, ODI : oxygen desaturation index,
M : leg movement, PLM : periodic leg movement, Arl : arousal
index, Arl-respiratory : Arl generated by respiratory event, Arl-
spontaneous : spontaneously generated Arl, Arl-total : the sum
of Arl-respiratory and Arl-spontaneous
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AP Aol & ARk 7IEo® SRl 717 (get
up time) & $HA7F iollA dojt Ak 707 8%l
omn, WATG dlo]§e] #42 Mini—mitterAte] Acti-
ware software 3.45 AHESto] g A8l om, 4]
QIS thert kT 1) FHEE7] (sleep latency ; the
period of time required for sleep onset after going to
bed), 2) 741 A|7Hassumed sleep time ; the period

of time between sleep start and sleep end), 3) A4

bed time)-&

WA 7H(actual sleep time ; the amount of time scored
on sleep between sleep start and sleep end), 4) HE
S (sleep efficiency ; an index of the amount of time in
bed that is actually spent sleeping), 5) AA|FHA| 7
28 (actual sleep time percentage ; an index of the
amount of the assumed sleep time that is actually
sleep), 6) AAZ A7 Hactual wake time ; the amount
of time scored on wake between sleep start and sleep
end), 7) AAZIAIEES (actual wake time percen-
tage ; an index of the amount of the assumed sleep
time that is actually wake), 8) &THA|Z=(sleep
bouts ; the number of continuous blocks of sleep cal-

culated between sleep start and sleep end), 9) 9147+

JA17+4=(wake bouts ; the number of continuous blo-
cks of wake calculated between sleep start and sleep
end), 10) FH7F5EEFA]4(total activity score ;
summation of all activity counts during the sleep pe-
riod), 11) A7 ESE &85 X5 (mean activity score ;
the magnitude of activity on a per—epoch—basis during
sleep, determined by dividing the total activity score
by the number of epochs during the assumed sleep
period), 12) FHEZA]4=(fragmentation index ; an in-
dex of restlessness calculated by summing the number
of minutes moving percentage with the immobility ph-
ases of 1 minute percentage).

NPSG+ Embla N7000, Embllette A10(Medcare, Ice-
land) & o]gsto] ArEiglon], vty Fe] A =
A7) (18) ol wWtom 1 epochE 30x% o] 479
WAE 57] (manual) &, #5538 5 FH7|ZAIZHsleep pe-
riod time), E5HA|7H(total sleep time), FHAE7] (sleep
latency), FHEEX (sleep efficiency) 2 ZMIA7H(wake
time) & AXFSFATE WATGS] 7HdFH A Hassumed sl-
eep time) 7F} NPSG2] <=H7]7FA| 7 (sleep period time)
2 FoAt 2t & F A xE FHEA R (sleep onset) I 5
W4 (sleep offset) Ate]€] AJhe o]t} FAYHS

Table 3. Correlation and comparison between left and right actigraphic data of the right-handed subjects with primary sleep

disorders (n=22)

) Left actigraphy Right actigraphy Correlation Paired-t
Variables
Mean=£S.D. Mean=S.D. R o] o]
Sleep latency 28.77+t 35.39 16.91+ 18.63 0.351 0.109 0.114
Assumed sleep time 369.55+ 55.83 375.18+ 59.77 0.928 <0.001 0.250
Actual sleep time 335.41+ 70.56 346.73+ 70.43 0.827 <0.001 0.214
Sleep efficiency 82.35+ 1251 84.70+ 10.25 0.687 <0.001 0.245
Actual sleep time (%) 90.53+ 11.57 91.95+  8.88 0.614 0.002 0.481
Actual wake time 33.41+ 4181 27.68+ 24.73 0.500 0.018 0.469
Actual wake time (%) 9.47+ 1157 8.05+  8.88 0.614 0.002 0.481
Sleep bouts 45.14+ 30.45 49.36+ 33.17 0.908 <0.001 0.169
Wake bouts 4427+ 30.49 48.55+ 33.13 0.906 <0.001 0.169
Total activity score 4530.4+3714.18 4526.09+-4019.18 0.601 0.003 0.995
Mean activity score 3.19+ 2.85 3.28+  3.66 0.736 <0.001 0.870
Fragmentation index 35.84+ 30.40 20.73+ 21.46 —0.262 0.240 0.103

Sleep latency : the period of time required for sleep onset after going to bed, Assumed sleep time : the period of time between
sleep start and sleep end, Actual sleep time : the amount of time scored on sleep between sleep start and sleep end, Sleep
efficiency : an index of the amount of time in bed that is actually spent sleeping, Actual sleep time percentage : an index of the
amount of the assumed sleep time that is actually sleep, Actual wake time : the amount of time scored on wake between sleep
start and sleep end, Actual wake time percentage : an index of the amount of the assumed sleep time that is actually wake, Sleep
bouts : the number of continuous blocks of sleep calculated between sleep start and sleep end, Wake bouts : the number of
continuous blocks of wake calculated between sleep start and sleep end, Total activity score : summation of all activity counts
during the sleep period, Mean activity score : the magnitude of activity on a per-epoch-basis during sleep determined by dividing
the total activity score by the number of epochs during the assumed sleep period, Fragmentation index : an index of restlessness
calculated by summing the number of minutes moving percentage with the immobility phases of 1 minute percentage
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Table 4. Correlation and comparison between each actigra-
phic and polysomnographic data of the right-handed subjects
with primary sleep disorders (n=22)

a) Correlation

Polysomnography and
left actigraphy

Polysomnography and
right actigraphy

R p R p
TIB (min)
SPT (min) 0.688 <0.001 0.760 <0.001
TST (min) 0.389 0.073 0.445 0.038
SL (min) 0.765 <0.001 0.344 0.117
SE (%) —0.229 0.305 —0.552 0.008
WT (min) —0.155 0.492 —0.155 0.492

b) Comparison

Variables Polysomnography Left actigraphy Right actigraphy

TIB (min) 408.98+57.52 408.98+57.52  408.98 £57.52
SPT (min) 389.77+£52.49 369.55+55.83* 375.18£59.77*
TST (min) 336.29+59.16 335.41+7056  346.73+70.43"
SL (min) 19.21+23.70 28.77+35.39* 16.91+18.63
SE (%) 82.91+10.20 82.35+12.51 84.70+10.25"
WT (min) 53.49+34.70 33.41+41.81 27.68+24.73"

TIB : time in bed, SPT : sleep period time, TST : total sleep time,
SL : sleep latency, SE : sleep efficiency, WT : wake time. The
data were analyzed by Pearson correlation in a) and by paired
t-test in b). The values represent mean +standard deviation. * :
p<0.001, T : p<0.05

7} FHE8(p<0.05, p<0.05) & Z71= 9l

1z

Actigraph® ©]€3lo] S48 SF(activity) I NPSG
A FE FHEdE7], FHaSdY FTFUARLE 5%
A FHATE vlask Ay v EFte] 52 dXES
HOH9,10), b9 A7 94 & :"E’SO] (dominant
handedness) ] WATG %5} ZSHIE G% ’\] st
Ak 4= WATGE &
AT Hx: AIES
A7} $2 WATGE 5, $42 5
O] O NPSGS} dAH=7F & 71 oL, &gt 73 5

FeS] BEE Ao)7h GhrhE Qobt 57 9irk

o WATG A 9] R g
FREAAS Sl FoT ¥ FUAAS RAT BE
Aol 2 4e] oFH Ao} gigieh. FH WATG 4
A% 2ke] ARRAGNA FULET| 9} SRR EA Y 2
QAL AT EF WATGE) BFEA} =00 A
Ao WE 5 vk 2% ovlath 94

2 =

minant hand ; right hand) ol A% $HX 52 A3}
7} ¥l 949 & <5 (non—dominant hand) ¢4 &4¥ 4
HET NPSG a4l o dA9 dis5 Hoj FiL
PLCAAE fchtiz%’l”fchhE olg3l FHY S ddstr] 9
M= 4 S E5(dominant hand) o] 2Hg-3k= 7o) K
o Agst A3E 9d& F s AoE AzEnh Te
H9A AA ol AraEstE AA7E 286k ¢kal 54
ste] 929 WATGZE Hl9d WATGHY NPSG $-HA1S
ke o "i‘ﬁ AAET F4 vlaex zte]7h gleks el

g

nﬂo T

Ul % A7E o & Wer ol

NPSGS} 7} WATGS] 47845 7] Ageab7h Q5]

A 42§02 Aol g ST B,
]_

s olgst =Y
A EElx] ook} NPSGS’Jr WATG 4 FA7|ZIAIZO]
afixw e A HAE E&igw% ﬂd M1 b 94

o

=
_>.:
EI
)
0
1o
_?1_‘
O
o8
1
o
!
e
)
N
N
pas
2
o
o
1o
m
rlo
i
e
ﬁ

o= WATGQ} NPSG 7P°ﬂ "‘?4_2%5719} ZH
A

B i =t
O %0

O

&,

r

X

A

§SZ

77} NPSGQ} SRBAE

23



24

© WATGE o]&3at] 543t &5 (activity) #+ NPSG
oM e A=) viZfiFE Bl A3t w7t
9 e QALE B ATA213)H Ao)7k Atk
A A8l ael= WATGOIA Ha 2Md& daks &
nel%e) Aolz MAHNS TFeAE ATk NPSGSH 7
WATGE] FHAF Al B Qs 2dAE
ool = BEAS o5 NPSGE thalste] WATGE 9]

J

F1

8ok Zlol Alghe o] Jrh= Z& AARIT
WATGE] Fd857]E NPSGeh 7P BAAE 7164
o] 2, g0l Hol Sz ArlellA EFo] FHolA] o

I WATG? 9 NPSG$}F 23 #He s w54 714
o] 7] wizelth o]e|gk o]t FHEEA TN E A8
g 4 ok A v A=l % NPSGSF WATG 3He)
AA)Eo] 7= AAS] AstATHT). o=
57] &t gkl AA3] AskeY] wieel WATG
715 BAE 9 AR S0 7HsA0l =
ol d A oF B Al 7)1 el HF
coko] wolx|HA AR dEE
. mERA oAbl whet srET)eL 71

FEE7h AAHOE Hol7h ¢ 5]
%—Oﬂ NPSGS WATG 3o zfo]7}
W” AR} 71 A5l 9)

AE71E NPSGell vlsl frolst
5o %7 PFM ohet. oleie A4
227 ok o8l $ARE

T m

(2 (o
w2l

0o O orr 4y HF
r
ra
ol
S
r_{

o
ki
2

95 WATGOA &
Al B5H ‘?iL
o] & WATGIME ¥
I S7HERA 1 ol #H5 e *& E3h 7447
7} AHET RN FAH o o] Q& FHEy] Bk
&9 FETI} 271598 7540 g}r/}. 99 APE
F3 WATGE olgste] S, $HEeds) 5
HARRe SAE 4 9lou, actigraph?] A9 H3E
% gl o] glomw ghte) Fre) A Asts
Hrlsl7) o= thA Fal7t 9g Aot}
WATGS NPSGS $Hx|42 nlwst o] Ad1So)
AEgojgtont, gifie] A47F 94 5 £ (dominant
hand) ¥i= H] 4 & <5 (non—dominant hand) ol
ot actigraphS 243+ ALE|Z o]0 ubd B ol
oF= &Xo] 283l actigraph9} NPSG7He] A
& Hx2 Avehs AolA o7t ek sARE A
ol | AT Aglen, volzt 30, 4042 &
A5 w3tEo] glom o] i AolS 7 Az
¢ O A7} o] F Rt SRS

o AN > rulo JlN'
o,

F

e e _Il%i
=

x4

A aste] FH ekt A
ATE Tl Uz Aol A

r:i:i

Of= A2 Xk
= == =

& Actigraph@} NPSG2| H|1W

o] AJo] ¥ s 7re] Aolo] P ATl AL A
o7 Holth

ko
Q

2 8. E AT 45 &5 dE 12k (wrist actigra-

phy : WATG) 7Fe] WATG A=<} z+2ke] WATGS} of

AT AA nocturnal polysomnography @ NPSG) 7+
o] FHATE vl A8t Aol AAEE BuA} )
St

oo

Sleep apnea=12)% o
= W WATGE il—%.ﬁ]—
FE WATG A7 2t
} WATG®} NPSG 94 31\‘?1_7121'

a8 U A Al diste] A 9 xje)

N

r_u
mo 0_\_, UJ
_‘_4
38
O

=
ox
‘T_‘

NO

H1

ry
J
%
W
N
2
3
FU
U‘.
Z:
_‘_,
4%
oo

& =
sl
g
e

)

m o N

o
Lamdﬂm
R
p co 3
FEJIN‘—E‘
A
o =
55
);
i@
EARY
);
5
S 1o
o N
O:
02:41-‘1:
i i
=N
b
T
> E
2 o
i
<
S}
==

[e)

0% o
1o fo |

19 ox T
=
e
X
N
30
2
o
k)

N\
(@]
(@)
<

M ™ o2
)

it ™ 111 _IlN' ’

:T [e}
311, = ATGJ #ﬂt@%—"« frolst 5o A
7} WATGSE NPSG A4 7ke] o4 v]
oA NPSGoﬂ B WATGelA 49
(p<0.001, p<0.001) % $-Z<] ZHJAIZH(p<0.05) & 7

2,

A
3o, #=9 FuE](p<0.001) & 59 Fd
N7 EE S (p<0.05, p<0.05) & Pﬂ‘?\i‘:}

B B S WATG Fuxs 7u Aol 4
FE719 FATEAT] EYAE %*3*17& %"L WATG
4 % 57t 4 Z;‘—{POﬂ 2piZ o7 WE g Qe Ae

THAT Aol A

Eoﬂ—ri glﬁ o1% ]g o)oluk

2 A,

B HOY : O] 1eh - oRmnk AL - £l



REererRENCES

. Webster JB, Kripke DF, Messin S, Mullaney DJ, Wyborney G. An ac-
tivity-based deep monitor system for ambulatory use. Sleep 1982;
5:389-399

. Chesson AL Jr, Berry RB, Pack A. Practice parameters for the use of
portable monitoring devices in the investigation of suspected obstru-
ctive deep apneaiin adults. Sleep 2003;26:907-913

. Rotem AY, Sperber AD, Krugliak P, Freidman B, Tal A, Tarasiuk A.
Polysomnographic and actigraphic evidence of deep fragmentation
in patients with irritable bowel syndrome. Sleep 2003;26:747-752

. Hauri PJ, Wishey J. Wrigt actigraphy in insomnia. Sleep 1992;15:
293-301

. Gagnadoux F, Nguyen XL, Rakotonanahary D, Vidal S, Fleury B.
Wrigt-actigraphic estimation of deep time under nNCPAP treatment in
deep apnoea patients. Eur Respir J 2004;23:891-895

. Park YM, Matsumoto PK, Seo Y J, Cho YR, Noh TJ. Sleep-wake be-
havior of shift workers using wrist actigraph. Psychiatry Clin Neuro-
<ci 2000;54:359-360

. Pallak CP, Tryon WW, Nagaraja H, Dzwonczyk R. How accurately
does wrist actigraphy identify the states of deep and wakefulness?
Sleep 2001;24:957-965

. Tamaki M, Nittono H, Hayashi M, Hori T. Examination of the first-
night effect during the d eep-onset period. Sleep 2005;28:195-202

. Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic
deep/wake identification from wrist activity. Sleep 1992;15:461-469

. Sadeh A, Sharkey KM, Carskadon MA. Activity-based deep-wake

identification: an empirical test of methodological issues Sleep 1994;
17:201-207

. Standards of Practice Committee. Practice parameters for the use of

actigraphy inthe dinica assessment of deep disorders American Seep
Disorders Association. Sleep 1995;18:285-287

. Kripke DF, Mullaney DJ, Messin S, Wyborney VG. Wrigt actigra-

phic measures of deep and rhythms. Electroencephalogr Clin Neu-
rophysiol 1978;44:674-676

. Mullaney DJ, Kripke DF, Messin S. Wrigt-actigraphic estimation of

deep time. Sleep 1980;3:83-92

. Van Hilten JJ, Middelkoop HA, Kuiper SI, Kramer CG, Roos RA.

Where to record motor activity: an evaluation of commonly used Stes
of placement for activity monitors. Electroencephalogr Clin Neuro-
physiol 1993;89:359-362

. Nagels G, Marion B, Pickut BA, Timmermans L, De Deyn PP. Acti-

graphic evaluation of handedness. Electroencephalogr Clin Neuro-
physiol 1996;101:226-232

. Lehnkering H, Strauss A, Wegner B, Siegmund R. Actigraphic inve-

gtigations on the activity-rest behavior of right- and left-handed stu-
dents. Chronobiol Int 2006;23:593-605

. Annett M. A classification of hand preference by association analysis.

Br J Psychol 1970;61:303-321

. Rechtschaffen A, Kales A. A Manual of Standardized Terminology,

Technique and Scoring System for Sleep Stages of Human Subjects.
Los Angeles, Brain Information Service/Brain Research Ingitute,
UCLA;1968

25



