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[Abstract] Objective To assess circadian characteristics of spontaneous physical activity and deep
body temperature in narcoleptic patients. Methods Fourteen narcoleptic patients and 14 healthy age- and
sex-matched control subjects were enrolled. Nocturnal polysomnography (PSG) was recorded, followed by
standard multiple sleep latency test (MSLT). Then all subjects were required to wear the actigraphy
(actiwatch) at home with continuous monitoring of spontaneous physical activity for 1-2 weeks and complete
the daily sleep record. All subjects” deep body temperatures were measured at 20 time points. Results
In comparison with control subjects, PSG data suggested narcoleptic patients had significantly longer time
in bed at night (P = 0.008), decreased sleep efficiency (P = 0.001), increased awakenings (P = 0.000),
extended wake time after sleep onset (P =0.000) and sleep onset rapid eye movement period (SOREMP, P =
0.002). MSLT data suggested decreased average sleep latency (P = 0.000) and increased SOREMPs (P =
0.000). Actigraphy data suggested increased nocturnal activity and nocturnal activity per hour (P = 0.000,
for all), decreased daytime activity and daytime activity per hour (P =0.000, for all) and increased nocturnal
activity per hour/daytime activity per hour (P =0.000, for all). The deep body temperature in both groups
showed significant circadian rhythms. The differences in mesor, amplitude and peak phase of deep body
temperature between 2 groups had no statistical significance (P = 0.177, 0.730, 0.488). Conclusions
Narcoleptic patients are characterized by impaired circadian rhythm of sleep-wake and spontaneous physical
activity. The limited effects on deep body temperature suggest the relative conservation of thermoregulation

in narcolepsy.
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Table 1. Comparison of clinical data between 2 groups

Item o N dvalue P value
Sex [case (%)] — 1.000
Male 9 (9/14) 9 (9/14)
Female 5 (5/14) 5 (5/14)

Age (F+s,year) 13.00£141 1343£2.62 0538  0.596
BMI (s, kg/m’) 21.81+1.79 25.60+3.00  4.061  0.001

ESS (x 5, score)  5.00+1.11 13.50+2.74 10.764  0.000

—, Fisher exact probability, Fisher B VI # % 1 . BMI, body mass
index, /4 5 35 %1 ESS, Epworth Sleepiness Scale, Epworth & i i
*

R2 T AR RIS bR 0 HLEL

Table 2. Comparison of PSG and MSLT indexes between
2 groups

Control Narcolepsy torZ )
ftem (N=14) (N=14)  value © value
PSG

432.17£86.28 520.71+77.65 2.854 0.008
412.88 £83.57 443.43+90.48  0.928 0.362

TIB (x £, min)
TST (v £ 5, min)

SE ® s, %) 95.54+ 1.88 8499+ 934 -4.141 0.001

SLM (P, P+, min] 9.40 300 -4.459 0.000
(770, 11.70) ( L18, 4.60)

REM-SL. 98.20 1160 -3.033 0.002

(M (Ps, P, min] (6958, 107.55)  ( 5.30,72.45)

SOREMP [case (%)] 0 (0/14) 8 (8/14) — 0002

Wake 18.00 60.65

[M (P, P, min]  (13.60, 25.78) (41.65,98.93) ~*+228 0.000

NREMI 17.80 4950 -4367 0.000

[M (P55, P7s), min]
NREM2 (x £, min)

(13.68, 25.20) (38.38,80.25)
202.34+38.44 179.00£49.01 -1.402 0.173

NREM3 (x + 5, min) 97.63+24.31 108.96+£34.79  0.999 0.327

REM (& £ 5, min) 04.11£2327  90.61£39.95 -0.284 0.779
Awakening 286+ 135 2957+ 922 10725 0.000
(x £, times)

WASO 5.90 5745 -4320 0.000
[M (P, P, min] (245, 17.58) (37.33,98.00)
MSLT

. 1431 1.43
SLIM (P Pomin] 1356420 000 (06, 267 -4510 0000
SOREMPs 0.00 250 -4745 0.000

[M (Pas, Pss). times]  (0.00,  0.00) ( 2.00, 3.00)

—, Fisher exact probability, Fisher i U) # 2 % . Mann- Whitney
U test for comparison of SL, REM-SL, Wake, NREM1 and WASO
in PSG and MSLT data, and two -independent - sample ¢ test for
comparison of otherso PSG, polysomnography, 2 3 i il ] ; TIB,
time in bed, fiP & B8] 5 TST, total sleep time, R B R S A] ; SE,
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daytime activity per hour (¥ +s)

Table 3. Comparison of spontaneous physical activity parameters between 2 groups

Ttem Control (N = 14) Narcolepsy (N = 14) tor Zvalue P value
Nocturnal TIB (¥ £, h) 8.43 + 0.86 9.66 + 1.69 6.190 0.000
Time during the day (x £s, h) 15.64 + 1.14 14.38 + 1.81 -5.220 0.000
Nocturnal activity [M (P, Pr), mm/s’] 5260227 ( 36854.68, 58094.88) 15442139 ( 111684.11, 215093.21)  -9.155  0.000
Daytime activity [M (Pas, Pz), mm/s’] 2446420.61 (2029659.51,2893834.29)  1599180.90 (1327134.92, 1969210.20)  -6.201 0.000
Nocturnal activity per hour (x £s, /h) 594039+ 1663.17 18844.58 + 8902.63 16.888 0.000
Daytime activity per hour (x £, /h) 155719.93 + 31165.65 116864.16 +36485.59 -5.840 0.000
Nocturnal TIB/time during the day (x £5) 0.54 + 0.09 0.69 + 0.20 6.693 0.000
Nocturnal activity/daytime activity 0.02 ( 0.02, 0.03) 0.10 ( 0.07, 0.14) -9.205 0.000
(M (Pzs, Prs)]

Nocturnal activity per hour/ 0.04 = 0.01 0.17+ 0.08 19.212 0.000

sample ¢ test for comparison of otherso TIB,time in bed, A 7]

F4 WA ZIE 24 h WA TR E ]S R AR IR EL R (R £5, °C)
Table 4.

Mann-Whitney U test for comparison of nocturnal activity, daytime activity and nocturnal activity/daytime activity, and two-independent-

Comparison of deep body temperature within 24 h between 2 groups (x s, C)

Time Control (N = 14) Narcolepsy (N = 14) Time Control (N =14) Narcolepsy (N = 14)
0:00 37.09+0.48 36.96+0.43 13:00 37.23+0.32 37.20+0.35
2:00 36.89+£0.45 36.91+0.44 14:00 37.28+0.37 37.24+0.29
4:00 36.69+0.38 36.84£0.52 15:00 37.25+0.37 37.29+0.31
6:00 36.74+0.42 36.89+0.39 16:00 37.36+0.35 37.31+0.30
7:00 36.95+0.38 36.96 £0.35 17:00 37.31+0.28 37.31+0.22
8:00 37.01+0.37 36.99+0.31 18:00 37.29+0.33 37.29+0.32
9:00 37.01+0.35 37.24+0.27 19:00 37.28+0.32 37.24+0.37

10:00 37.06 £0.42 37.18£0.31 20:00 37.32+0.28 37.24+0.37

11:00 37.20+0.40 37.19+0.26 21:00 37.34+0.36 37.17+0.40

12:00 37.26 £0.40 37.21+0.32 22:00 37.17+0.41 37.08£0.38

LM AR (2 2) o MSLT i 56 & /1%, 5 %) B8 21 A1
P, AE M B 5 2 RR 3 T S8 B R T AR 0 4 (P =
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RS5 WA ZUE 24 h A [ I ) R AL Y 8 A
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Table 5. ANOVA for repeated measurement design of deep
body temperature within 24 h between 2 groups

Source of ) df P value
variation 55 Ms  df (corrected) Fyalue P value (corrected)
Treatment 0.000 0.000 1 — 0.000  0.990

Time 15.635 2328 19 6715 16327 0.000  0.000
Treatment x time  1.258 0.187 19 6.715 1.313  0.169 0.249
Error between 44,120 1.697 26 —

groups

Error within - 24.899 0.143 494 174.592

group

F6 LI WAL AR BR 14 LB

Table 6.

phase parameters of deep body temperature between 2 groups

Comparison of the mesor, amplitude and peak

Control Narcolepsy torZ

(N=14) (N=14) value

Mesor (¥ £5, C) 37.10+ 031  36.65+ 112 -1418 0.177
Amplitude [M (P, Ps), “C] 0.30 (0.23,0.39) 0.27 (0.18,0.50) -0.345 0.730
249.9330.70 -239.78 +44.43

Item P value

Peak phase (v £, ©) 0.703 0.488

Two - independent - sample ¢ test for comparison of mesor and peak

phase, and Mann-Whitney U test for comparison of amplitude

C
%)
~
[

————
> -~

37.0 1

Control

_____

===- Narcolepsy

Deep body temperature (°C)

36.5 T T T T T T T T T T T 1
12:00 16:00 20:00 24:00

0:00  4:00  8:00
Time
B WL 2 0 R AR e T R A
Figure 1 Comparison of the circadian characteristics of

deep body temperature between narcoleptic patients and
control subjects.
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