A BRI

N P ONRIDRWN NS WNIRN N &)
B 20 A 1 ADMEIRAE A LT %, Hn
O — i % 3l - CRERERE G 4 il LT 2 RN
ERTT A 9 2 ool AMGRE Lk D RS
WIRRIE D MESE &% Mg, W OBEHTH 5, 18
PEARHRSE O Wz DSM-TV O JEA8 P ASMAE
(ICSD-IT i A= BUPEASHRAE) T 0 | BRI
FT 2 S MEASRAE L2 %3 2 B HENY 2 R ek
VL. PRENATENETE (cognitive behavioral
therapy for insomnia; CBT-1) Td 5, CBT-I
W o TRMERIRIE B D 70~80% THEKR DS
IR L. TRIEIS TARAREIR IS bR HERF S 4L,
MEIRIE D AIC A TH D Z LKt h
T D, AIRD [ANRAEZ W - TaNR - PR
A RTA ] b WRHEAOIHIRTIE (MR A
B L) 7 ) TR R D b
TEBNZRE LT, CBT-1 OB AZHELE LT\ 5,
UL, ZORRIERIT, k2ol E
TR BEBEIH D L EDE D EER,

HBETII AT D 10 F/NE ED T T, BHED
AIRFEBEIZK LT CBT-1 #5347 LT &2, 4
FOENFEEED CBT-1 235, 2009 4 LUK X4 H]
FRENTENEE (group cognitive behavioral
therapy for insomnia; g-CBT-I)IZF¥1TL TW»
D, AEEOHHEFIIL, g-CBT-1 12T D
IRFFAIHI R ICE R 2 Y T T, FEEMEEL L
TORBFRRHESIZ DOV THRET LT,

B. #FFEEH

18 M D A HRAE (DSM-IV D JFUFE M A HRAE
ICSD-2 D AEEMARIRE) IZxt9 % g-CBT-1
DINRIZDOUVNT, FOEESR Td 5 HEREH
BIBRIEICERZ Y TTC, FEYPREL LTOR

FRWINCOWTHRT 2 Z L2 B E T 5,

C. WrgHIE

XPBIE, B R R KA RIS
FRRFIER R B A ke 25255 L, g-CBT-1 BEfT
U7z (s TE, R A ) AR SE B3 33
BIChD, e b, FIRENDOR LIS
T % g-CBT-1 Wi T4 EH T O . B/ 2t
16/17, SEE)AEHD (LT, AR 72) 58. 4+13. 8
W IR 6. 86, 24, NV UTE
BV RN O S B 1.8+ 1. Omg (T /L=
N T BN Img B | EIES IR 14. 721, 9
B Er AT & 75 (K 1D,

#1 3 &

FAAEIRMENRAE (1CSD-2) 334
EMCRIEL - 398 65T
QBIIFFERABROS / IBRIEFBICLY P

GTEAG | e | e | BIEBR e
8 () @ | ped

58.4+13.8 18/17 6.81+6.2 1.811.0 14.7+1.9
[30 -811] W/F [o.1-21]1{[03-41|[9-181

WO DORMMB - 85 (24.2%)
MfTRIBDI : 9.515.8 (E8%EE)

g-CBT-1(1 7' /L—7"3~5 A, 7t 2 BlDFHFE L
e, 1 EOME A mEEE) OB ER T, AR
5, BEARFFEHIRRIE, RBEnr AL MEIRE A48
oY MATES, WEEICERERSE
Fl &3 2 BmmRElEMTh o7,

g—CBT-I SafTHI & Ma1T# 1 22 AR T, HER
AEE, Eo Y N — JEIRE R (PSQI-]) . HER
(ORI D IR RER B A L AR R EE
(DBAS-)) % EERIFHE & LT, MufsetilisEh &
EGHRE R (HBhE) 2 FBIAIFHm & L CHIE



L7z &% REIRR R REICEDVTHafT
AT 1@ OREIR H 5570 b 5B H S 7 st R e ]
O FEAFHMmA, HITHE 1 A BROBEIEICE W
T, #ELREFRH =15 o0&, HovE, T8
B 7R BER 2N =R 3 85% LA L 27 U 7z IR Ay ] )
FRIEIZRE T HEREE 16 Bl & . LIS D IEE
FRE 18 B0 2 BEICHEA L . B REFOAFD
HA & EmRE L7,

FEIFRIFIE L LT, Fisher’
probability test. Wilcoxon £ & ftIELIHEE .
s U test & VTN L7,

S exact

Mann-Whitney’

[MEEmEm~DEE ]
AWFFEORFZEEHENICE LT, RZEOMBEE
BEIBWTEREIN., ZOEBIZOWVTERE

£z
XhTnwa

D. HFEERER

1. BRIREORFE (R 2)
ERREHIIEERBICHE LT, ARICEELS

WESR E e o Tz, ZOM, Fhn. EFHM. &

ARAE R AR . FEAT AT BEIR B 5 & M OHEAT

ERREETTIL. g-CBT-I FEfTRMIC ELik L T HEAT
#BZ, BERBEREEZ ORIE, BELREMOE

e, MERRZIR O, AREREOEMHELRD 5
Nic, —7F, FFERMBETIL, ¢ CBT-1 METTAMIZ
LB U CHEAT 0. B B BERREZI O R, &
MEIRFFRE DIER . KembIR I 00 4540 K ONBEIR %)
KEOBEMBRD LTz,

F+.3 EBRBELIBERAFOME — HERHSS

=33 EERRRH(n=15) JEERERH - 18)

< BRSRHEE > pre-CBT post-CBT pre-CBT post-CBT
LR (B 23.8+1.5 | 23.9%1.1 23.4%1.1 23.6%1.0
BERRER (D) 7.4%1.1 6.8+1.1 | 7.3%1.2 7.0£1.3 -
LR (50 | 348.2461.5 | 359.1+38.9 | 324.9458.3 | 346.2+42.1°
EORIE (5) | 45813748 | 413.5+43.7 | 47214351 | 446.2438.4
B (96 761481 | 86,9442 | 68.519.6 77.6+6.4
ARRREA (D 24.4£1.3 | 24.3%1.1 24.5+1.6 24.3%1.1
HEBSR (7D 6.2+1.2 6.4+1.1 6.0%1.7 B.1+1.4
AREHE (O 96.1£21.2 | 23.8412.17| 62.1£38.4 | 42.7£16.1

Ai loooaHEH BELEE » pX0.05 »» p<0.01 »»» pd. WS » > » pD. 001

3. EEEH (ZEOEREAS) (F4)
%ﬁﬁﬁﬁ\gwrlmﬁm W EEE U AT

. MEIRZNROFF LMD bilz, A
— H ORER A 55 & TEEET OTEBEICBI L T, fEfT

%6y A CHE L IRFERICmBEER CZERIT AT bRl U CHEATHR I, Ak CIXREERFZ &
D BRI, FAEIREFR O TeBES B U, FEZREE TII AR
B SRR L — BRSRYAL P IRE & e AR B ] oD TeBE 23 Rl L 7=,

®.2 =R D — JAF
x4 EREFCIRERROLE — TEE
|
[1&*5233 R G 15) IR (v 1) n=33 REFHn=15) IREFEH(n-18)
B AK 11 5 KPHFH5S57> | ereCBT post- (BT pre-CBT post-CBT
& # A 4 13 TST (min) 388.7456.4 | 366.5+41.4 | 412.2457.2 | 396.7 +49.2
T RS SE () 86.5+6.7 | 90.8+4.8- | 87.3+8.9 89.0+8.0
T raTY: ST SONT (hr) 241415 | 24.3%1.2 23.8+1.2 24.041.0
= TREEW) TR SOFT (hr) 6.8%1.1 6.6£1.1 6.9%1.4 8.8+1.4
eaail e . 2_:8 : . 6:5 '4 SOL (min) 19.9+12.9 | 17.4%13.1 17.3+9.8 18.2+15.3
ot O et b MA (times) 1.6%1.2 1.440.8 1.540.8 1.240.9
B (w) 2.041.4 1.520.8 WSO (min) 19.0517.1 | 14.6510.9 | 12.745.4 | 10.348.2
| (SR 7s e o) HT (counts/min) | 9.744.5 | 8.5%3.4 7.043.0 7.243.5
#8820 6 4 divmoiztion S Wi | 164+ 23.8 4.2417.5 43.7+30.9 25.5+19.8
i & A 9 12 dvoition SUT wid | -89 3 +40.4 | -172.2+17.6°| -50.2+43.6 | -36.6+27.8
ENLEON] 0 2 dmwiztion SL Wi | 17,9+23.5 | 6.4+14.2 47.3429.8 24.2£19.5
Fisher’ s exact probability test ®:p<0.0%5 dixsooixtion TST fmn) -43.0+43.9 -10.91+28. ]" -89.3+41.2 -52.8+27.8

TST; coua sdeep Gime, SE; sdoeg efficiency, SONT; deep-omset de, SOFT; deep-offie dme, SOL; sdoep smet hacency,
KOA; the owber of swaking epiode: Invdzg more thae 5 mie. WASO: awading fime after deep omet. MT; Wmﬁn’g leen.

2. HEIRHEE (iﬁﬁﬁﬁﬁﬁﬁ&ﬂﬂ,@\’) (% 3) Wicoxon R HAME + D005 * ¥ p<001 #++ p<a00s



4. PSQI-J. DBAS-J, ¥R (4 5)

BERCAE, JEEERAE & b MR i LT
HEATIZ MR A5 - e AN AT L b L
DBAS-J O AL H O < D TA B K T A3
B BTz, —J7 T, PSQI-J ML, R
DFHC, KMFTHIC LR U CHET T o A7 5 72 s b
DFRO LT,

F.5 AT L IEERAT O LR — PSQI/DBAS/#3EiE

n=33 FEREEE(n=15) JEEPRBE(0=18)
pre-CBT post-C8T pre-CBT post- BT
PSOI-J Total 11.4%2.3 8.5+3.5 77| 13.1%2.8 11.6+3.1
TERAHATDTR | 65,04 18.1 47.3+23.9 58.9+24.4  46.7+23.0
BREMNTEROTR | 43 5+ 15.0 33.9%18.4 | 51.4+18.6  41.7£21.8°
WRCHTDAMBA | 35 54133 32.8+13.4 39.4:+20.5  30.4+19.3°
TROPACHI DR | 30 84231 32.1£21.5 36.6+26.7  31.5122.0
RILDARALTN 20.8:413.7 24.5%16.0 -| 33.9+14.7  30.8%14.8
£EER (mg) 2.051.4 1617 - | 1.5%0.8  1.1%0.6 "

Wi looxors WP EH RAME  » pK0.05 » » » pd. 005

5. g-CBT-1 JEATANZF T B MEERH O Lhifg
(3% 6)
g~CBT-1 JEATRIZ BT D KIEIEIT DWW T,

FREE IR BRI I LT, B <, 8
FANRBE RN E <, ZEKRFREBENZ <
F o, AR & REEIRFFHEIZBE S 2 BT
i & ZBIAIEFAN O TeBEEE D D72y 22 EDFTR,
BIELT,

3.6 SEREE S IRERB O O L — CBTHEATHI

<pre-CBT > =33 bRt (n=15) JEEERRRE (rm18)

B L * n 5
it (A 4 13
R B 8.246.9 5.6+5.4
PR (ng) PZIng=1 2.0%1.4 1.540.8
SEEOE (%) 761481 68.5+3.6
SE (%) 86.5+6.7 $7.3+8.9
ABEES (5 ¥ 36.1421.2 62.1+38.4
SOL (min) 19.9+12.9 17.3+9.8
dissociat ion SOL (min)* 17.9+23.5 47.3+729.8
dissociat ion TST (min)™ -13.0+43.9 -89.3+41.2
wASO (min) 19.0+17.1 12.75.4
T (counts/min) * 9.744.5 7.0+3.0

Fizter' 3 exact prabsbility vest, Hawrhitery” s U tect » pK0.05
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FERLRE & LT, BEREHC BT B A E AR RIRAE IR
DRI RS X7z,

g-CBT-1 JaA TR DA FEFEHE O MR LB & L
T, ERBEC B W TEMEN S o 7 RICDW T
HBOBHITIZEAERFRETHD, FEE
A R E T LI LT, BROEHN
IRIEENME DM R T AU 7o SR, IR IR ) 1) BRI 15 D
R 23247 Lod 0o - e I3 S h B,
7erE U, YEZEICBET 2 B 2R BT R BA A AR08
2B b,

—J5. g-CBT-1 H4T Rl & FEEAE O M AL b
B LT, EREEIZBWL T, ARB R AER
RERZ B3 2 1 HELROELAE & FBLADETM O Te
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DIFER LIZBREIR X 7 ¥ = — V3@ V) I HEIR R RS
HEAELE LT o 7 ATREMEASIRIR S 4177,

SEIOFERIE, CBT-1 23517 5 BEARRF R HIER
EOBEEMNEA T LRI, CBT-1 OERERD
R ERCHEREFIEIUZE L TOEEICRVE
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Introduction

Insomnia is defined as having difficulty initiating or maintaining
sleep, waking up too early, or sleep that is chronically
nonrestorative or poor in quality, causing daytime impairments
such as decreased attention and worries concerning sleep [1].
Nearly 20% of the general adult population has been reported to
suffer from insomnia [2], [3], and 10~15% of the individuals with
insomnia show a chronic course [4], [5]. Chronic insomnia is
associated with the development, treatment resistance to, and
relapse of depression [4], [5], [6], [7]

Cognitive behavioral therapy for insomnia (CBT-I) is common-
ly used for treatment of the disorder. CBT-I has been shown to be
effective for improving insomnia symptoms in 70-80% of patients
with chronic insomnia [8], and to have long-term preventive
effects on symptom recurrence [9]. Although a number of
treatment outcome studies focusing on the CBT-I have been
conducted [8], [10], [11], [12], only a few have investigated the
underlying mechanisms or actual processes through which
improvements after CBT-I occur [13], [14], [15]. Therefore, the
specific reasons as to why CBT-I is effective for treating insomnia
remain unclear.

Schwartz and Carney [15] reviewed theoretical models of
insomnia and proposed several mediators of the treatment
effectiveness of CBT-I. According to their hypothesis, behavioral
(e.g., decreased time in bed), cognitive (e.g., decreased maladaptive
beliefs about sleep), and hyperarousal {e.g., decreased physiological
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arousal) mediators are believed to account for therapeutic change
via this intervention. There has been a surge of interest, in
particular, in the role of sleep-related dysfunctional beliefs as
potential perpetuating factor of insomnia. Some findings have
suggested that such beliefs may be involved in exacerbation of the
vicious cycle of insomnia [16]. Consequently, sleep-related
dysfunctional beliefs have been incorporated into prominent
cognitive behavioral models of insomnia [17].

Previous studies have examined the relationship between sleep-
related dysfunctional beliefs and treatment outcomes with CBT-I
[11], [13], [14], [18]. Based on these study results, Schwartz and
Carney suggested that participants receiving CBT-I experienced
(a) changes in their Dysfunctional Beliefs and Attitudes about
Sleep (DBAS) from the baseline to the conclusion of treatment, as
well as (b) greater reductions in DBAS scores as compared to the
control group. They also proposed that (c) these reductions were
associated with a range of subjective and objective sleep outcomes
at the end of treatment and during the follow-up period [15]. This
hypothesis implies that reductions in sleep-related dysfunctional
beliefs are associated with positive changes in sleep outcomes with
CBT-I. However, researchers have yet to examine if changes in
sleep-related dysfunctional beliefs during CBT-I have a direct
impact on improvement of insomnia. The cause-and-effect
relationship between the reduction in DBAS and improvement
of insomnia thus needs elucidating. Furthermore, although sleep
efficiency and quality as determined from sleep diary data have
been used as outcome variables in previous investigations [13],
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[14], [18], standardized measures of insomnia severity have not
been examined in this regard. Therefore, the relationship between
change in sleep-related  dysfunctional beliefs and  severity off
insomnia has yet to be ascertained.

Considering these issues, the present study set out to clanfy
whether improvement of insomnia, as evaluated with the Athens
Insomnia Scale (ALS), is mediated by a reduction in sleep-related
dysfunctional beliefs through CBT-1.

Materials and Methods

Participants

Individuals were cligible for this study if they were 20 years old
or above and met criteria for psychophisiological insomnia (i.c.,
chronic insomnia) according to the second edition of the
International Classification of Sleep Disorders [1]. The partici-
pants of this study were outpatients who visited the Yoyogi Sleep
Disorder Center secking treatment for chronic insomnia between
October 2011 and October 2012. Most of the patients were
referred to the center by local psychiatrists or general practitioners.
Participants’ disturbed sleep met all of the following additional
criteria: (1) difficulties in initiating and/or maintaining sleep,
defined as subjective sleep onset latency and/or waking after sleep
onset greater than 30 minutes at least three nights per week,
respectively [19]; (2) insomnia morbidity for over 6 months [19];
and (3) a score of 6 points or greater for severity of insomnia as
measured with the AIS [20], [21]. Exclusion criteria were (1)
insomnia due to medical or psychiatric disorders [22] or
pharmaceutical use, and (2) the existence of other sleep disorders,
such as obstructive sleep apnea syndrome, restless legs syndrome,
periodic limb movement disorder, or circadian rhythm sleep
disorders. In order to exclude these sleep disorders, after
assessment by board-certified sleep disorder specialist physicians,
eligible patients underwent nocturnal polysomnography (PSG)
and/or provided self-checked sleep logs for more than 2 weeks, if
necessary.

In all, 64 patients participated in the study; however, 11 patients
answered at least one of the above-indicated scales incompletely.
Therefore, the total number of participants with sufficient data for
analysis was 53 (26 men, 27 women; mean [SD] age =48.6 [15.1]
years; mean [SD] duration of insomnia morbidity =8.4 [11.4]
years).

Procedure

This study was approved by the ethical review board of the
Neuropsychiatric Research Institute, Tokyo, Japan. Written
informed consent was obtained from all participants. After
diagnoses were made by board-certified sleep disorder specialist
physicians, eligible participants were offered CBT-I [23]. Mea-
sures of insomnia severity and dysfunctional beliefs and attitudes
about sleep were administered to patients during their first visit
and immediately after treatment concluded.

Measures

Athens Insomnia Scale (AIS) [20], [21], [24]. The AIS was
used to assess the severity of insomnia according to criteria for
insomnia outlined in the International Statistical Classification of
Diseases and Related Health Problems, 10" Revision (ICD-10)
[25]. The AIS is an inventory consisting of eight items. The first
five items assess nocturnal sleep problems (e.g., difficulty in sleep
initiation, awakening during the night, early morning awakening),
and the remaining three assess daytime dysfunction brought about
by insomnia (e.g., overall functioning, sleepiness during the day).
Responses are made on a 4-point scale ranging from 0 (no problem at
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all) w 3 (very serious problem). Parucipants were asked to rate
corresponding items (e.g., awakenings during the night) as positive
(i.c., to choose among rating options 1, 2, and 3) when they had
experienced sleep difficulty at least three nights per week during
the previous month. This scale was also used to measure
concomitant change in insomnia symptoms over the course of
treatment with GBT-I. A score of 6 points or greater on this scale
indicates clinical levels of insomnia [20], [24].

Dysfunctional Beliefs and Attitudes about Sleep scale-16
(DBAS-16) [26], [27]. The DBAS has been utilized in previous
mediation analyses, making it an ellective tool for assessing the
sleep-related dysfunctional beliefs of participants in our study. The
DBAS-16 is a sell-rating inventory consisting of 16 items (e.g., [ am
worried that I may lose control over my abilities to sleep) with 10-
point scales, ranging from 0 (strongly disagree) to 10 (strongly agree).
The total score is calculated from the average score of all the items
on the scale and could range from 0 to 10, with higher scores
indicating higher levels of dysfunctional beliefs about sleep.

Treatment

The patients attended  six  biweekly individual treatment
sessions, cach lasting approximately 50 minutes. The first session
began after the inital intake interview and case formulation. Core
treatment components of CBT-I included sleep education and
hygiene (Session 2), progressive muscle relaxation (Session 3), sleep
scheduling (comprising sleep restriction and stimulus control,
Sessions 4 and 5), and coping with worry (Session 6) based on the
manual of a previous study [23]. Patients were asked to practice
what they had learned and to track their results according to the
treatment protocol between sessions.

Data management and statistical analysis

Descriptive and inferential statistics were computed using SPSS
version 19.0 (IBM Inc., Tokyo, Japan). The relationships between
the scales at baseline and at the end of treatment were evaluated
using paired ftests and corrclation analysis. The effect size
(Cohen’s d) was used to investigate the extent of differences in scale
scores between survey points (baseline vs. endpoint) in order to
evaluate treatment effect. In general, Cohen’s d values of 0.2 or
lower, around 0.5, and 0.8 or more indicate small, moderate, and
large effect sizes [28]. Effects of sleep-related dysfunctional beliefs
on improvement of insomnia were assessed using path analyses
following the steps outlined [29]. The severity of insomnia at
baseline (AIS-T1) was adopted as the candidate predictor variable,
change in sleep-related dysfunctional beliefs (i.e., difference in
DBAS scores between baseline and endpoint) as the candidate
mediator variable, and severity of insomnia after treatment (AIS-
T2) as the criterion variable. We computed three regression
analyses: First, we regressed AIS-T2 alone on AIS-T1; second, we
regressed change in DBAS alone on AIS-T1; third, we regressed
AIS-T2 on AIS-T1 simultaneously with change in DBAS.
Typically, an effect size of 0.02 or below (coeflicient of
determination, R2) is considered small, whereas one around 0.13
is deemed moderate. One of 0.26 or greater is generally
considered large [28]. Path analysis requires the usual assumptions
of regression. Therefore, we assumed linear relationships among
all variables and normally distributed error variables.

Results

Means and standard deviations for clinical measures at baseline
and at the end of the treatment are presented in Table 1. The
results of paired t-tests showed significant decreases in participants’
AIS (159 =10.21, p<<0.01) and DBAS (59 = 3.69, p<<0.01) scores at
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Table 1. Summary of self-reported measures of insomnia severity and sleep beliefs.

Mean (SE)

Mean Difference score (S} t(df P

Effect size (95% Cl)

DBAS total 5.65 (0.18) 4.71 (0.25)

doi:10.1371/journal.pone.0102565.t001

the end of treatment as compared to when they began. The effect
sizes (d) were 1.21 and 0.72, respectively (see Table 1).

The results of correlation analyses showed significant correla-
tions between: (1) the AIS and DBAS at baseline (r=0.33, p<
0.05), (2) AIS scores at baseline and at the end of treatment
(r=0.48, p<<0.01), and (3) DBAS scores at baseline and at the end
of treatment (r=0.27, p<<0.05) (refer to Table 2).

The first regression analysis revealed that AIS-T1 had a
standardized direct effect on AIS-T2, with a f-value of 0.57
(p=0.00; Model 1), but did not have a direct effect on change in
DBAS (p=0.41; Model 2). In the multiple regression equation
with dysfunctional beliefs as the second independent variable
(Model 3), the f-value of the AIS-T1 increased to 0.55 (p=10.00),
while change in DBAS did not show a direct effect on AIS-T2 (8-
value =0.15, p=0.20; see Table 3). Path models using these
variables are shown in Figure 1. Change in DBAS did not seem to
mediate the effect of AIS-T'1 on AIS-T2. The standardized path
coeflicient of 0.57 (Figure 1, Direct Model) decreased to 0.55 when
change in DBAS was used as a mediator (Figure 1, Mediated
Model). When change in DBAS was used as the second
independent variable, the change in R? from 0.32 to 0.35 was
significant (AR?=0.03, Fy 50 = 12.00, p=0.00).

Discussion

The present study examined whether improvement in insomnia
is mediated by a reduction in sleep-related dysfunctional beliefs as
manifested by a decrease in DBAS score after CBT-1. The resuits
suggest that DBAS scores decreased after CBT-I, but the change
in these beliefs did not seem to play a crucial role in improving
insomnia.

We compared the DBAS scores of insomnia patients in this
study with those of good sleepers (n=335, mean score=2.96,
S$D=0.13) and individuals with insomnia (n=1049, mean
score =5.23, SD=1.60) in a previous study involving a large
sample [30]. We found that the scores of insomnia patients in the
present study were significantly higher than those of the good
sleepers (t3gg = —14.34, p<<0.0l1), but were not significantly

Table 2. Correlations between self-reported measures.

0.94 (0.25)

3.69 (52) <0.01 0.72 (0.33, 1.11)

Note. AlS = Athens Insomnia Scale; DBAS = Dysfunctional Beliefs and Attitudes about Sleep scale; SE =standard error; 95% Cl=95% Confidence Interval.

different from those of the insomnia patients (¢;00 = —1.88, n.s.).
Therefore, the DBAS scores of our study sample were thought to
not differ significantly from those of insomnia patients in general.

Previous studies have demonstrated a relationship between
sleep-related dysfunctional beliefs and sleep variables (e.g., sleep
quality and sleep efficiency) and that reductions in maladaptive
beliefs lead to improved sleep [13], [14]. Similarly, the present
study revealed a significant correlation between DBAS and AIS
scores, but the association between these two variables was
observed only at baseline. These results are somewhat in line with
those of a previous cross-sectional study [26]. DBAS scores also
decreased after CBT-I, but analyses such as these inevitably lead
to the question of whether changes in sleep-related dysfunctional
beliefs play a pivotal role in improving insomnia with CBT-1.

Schwartz and Carney [15] have alluded to the possibility that
mediational analyses could yield further directions in ascertaining
whether improvement of insomnia is in fact a result of changes in
sleep-related beliefs. The present study was the first of its kind to
analytically examine the cause-and-effect relationship between
symptoms of insomnia and dysfunctional beliefs about sleep. The
results indicated that change in sleep-related dysfunctional beliefs
did not seem to mediate improvement in insomnia. Thus,
reductions in these dysfunctional beliefs likely do not contribute
significantly to improving insomnia. Given this, we speculated that
changes we observed in dysfunctional beliefs about sleep might not
necessarily have been the result of CBT-I, and that improvements
in insomnia could have been mediated by other factors, such as
change in behavior or hyperarousal states [15].

Our study had several limitations. First, the present study only
examined the association between change in DBAS scores and
improvement in AIS scores. As mentioned earlier, several
candidate mediators of the persistence of insomnia exist other
than dysfunctional beliefs, and significant interactions have been
found between symptoms of insommia and behavioral, cognitive,
and hyperarousal variables [15]. Individuals receiving CBT-I are
known to experience greater improvements in these aspects/
variables relative to comparison groups [31], [32]. Future

DBAS_pre

DBAS_post

AlS_post DBAS_post

*p<0.01,
*p<0.05.
doi:10.1371/journal.pone.0102565.t002

PLOS ONE | www.plosone.org

Note. AlS = Athens Insomnia Scale; DBAS = Dysfunctional Beliefs and Attitudes about Sleep scale; Pre = at baseline; Post =at the end of treatment;
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Path Models
Direct Model

0.57
AlIS-T1 > AlS-T2

Mediated Model

Change in
DBAS

0.55
AlS-T1 AlS-T2

Figure 1. Two alternate path models. Figure 7. Two alternative path models, with severity of insomnia at baseline as the predictive variable of
severity (of insomnia) at the end of treatment: a direct model, in which AIS-T1 has a direct effect on AIS-T2; and a mediated model, in which the
effects of AIS-T1 on AIS-T2 are exerted via a change in dysfunctional sleep-related beliefs. Standardized regression coefficients (B) are listed for each
path. The paths expressed with solid arrows are statistically significant (p<0.01), and those expressed with dashed arrows are not significant. AlS-
T1=Athens Insomnia Scale scores at baseline; AIS-T2 = Athens Insomnia Scale scores at the end of the treatment.
doi:10.1371/journal.pone.0102565.g001

Table 3. Summary of path analyses.

Regression for AlS-T2 with AIS-T1 (Model 1)

AlIS-T1 057 492 0.00 0.32 0.00

Model 2 B t P R AR p (IR

Multiple regression for AIS-T2 with AIS-T1 and dysfunctional beliefs (Model 3)

AIS-T1 0.55 477 0.00 0.35 0.03 0.00

Note. AlS =Athens Insomnia Scale; M= Model; p (AR’):signiﬁcance of change;

%indicates difference between DBAS scores at baseline and at the end of treatment;

Panalysis of variance for Model 3 showed that multiple R was 0.57, multiple R? (adj.) was 0.30, and F ratio was 12.00 (df; =2, df,= 50, p=0.00).
doi:10.1371/journal.pone.0102565.t003

PLOS ONE | www.plosone.org 4 July 2014 | Volume 9 | Issue 7 | 102565



mediational analyses should be conducted on these variables to
clarify this important issue. Second, the number of participants in
this study was relatively small. Further research should be
conducted with a larger sample. Third, although participants
underwent PSG and/or provided self-checked sleep logs when
sleep disorders other than insomnia were suspected, it is possible
that some patients with a sleep-related breathing disorder or
periodic limb movement disorder may have been overlooked and
included in the study sample.

Finally, all participants were drawn from a single sleep disorder
clinic. Therefore, the participants of our study might not be
representative of the general chronic insomniac population,
although the demographic data and effect size of insomnia
severity were quite similar to those of previous studies [13], [33],
(34].

In summary, the sleep-related dysfunctional beliefs endorsed by
patients with chronic insomnia were decreased through CBT-I,
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but changes in these beliefs did not play a crucial role in reducing
the severity of insomnia. Therefore, the impact of cognitive-
behavioral approaches such as the CBT-I on behavioral and
hyperarousal aspects should be studied in greater detail in order to
clarify underlying mechanisms by which insomnia is significantly
improved. It would also be important to examine potential long-
term mediating effects of dysfunctional beliefs and attitudes about
sleep on AIS scores and whether CBT-I outcomes in individual
therapy setting differ from those of group therapy settings in future
research.
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Introduction

Insomnia is a common disorder with a remarkably high
prevalence [1-3]. It has been reported that one-fifth of the
general population in Japan has symptoms associated with
insomnia [4]. Chronic insomnia is known to be associated with
subjective daytime fatigue, low energy, difficulties in cognitive
performance, and deteriorated quality of life [5]. The disorder has
also been known to be a risk factor for the development of somatic
diseases such as hypertension and diabetes mellitus [6-8].
Furthermore, chronic insomnia is suspected as one of the risk
factors for the development of psychiatric disorders, particularly
depression and anxiety disorders [9,10]. Thus, establishment of a
better treatment strategy for achieving sufficient improvement of
the disorder 1s desirable.

Benzodiazepines (BZDs) or benzodiazepine receptor agonists
(BzRAs) have long been accepted as one of the important
treatment choices for insomnia. However, the disadvantages of the
long-term use of these kinds of hypnotics, such as the risk of
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tolerance [11] and dependence [12], have been indicated. Based
on this, clinical guidelines of the American Academy of Sleep
Medicine suggested that long-term hypnotic treatment can be
indicated only for the patients with severe or refractory insomnia
or chronic illness [13]. It is also suggested that BZDs should only
be used for a short-term period of up to 4 weeks to prevent the
occurrence of the disadvantages associated with long-term use
[14]. However, there are considerably large numbers of patients
with chronic insomnia who require long-term medication with
hypnotics due to poor response to treatment [15].

To avoid the long-term use of BZDs or BzRAs as hypnotics, it is
necessary to highlight the factors associated with long-term
treatment with these types of drugs. However, thus far, there
have been apparently no studies to clarify this issue. We therefore
investigated the factors associated with long-term treatment with
hypnotics among patients with chronic insomnia in order to
contribute to the development of an effective treatment strategy
for this disorder. '
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Materials and Methods

This study was approved by the Ethics Committee of the
Neuropsychiatric Research Institute, Tokyo, Japan, and written
informed consent was obtained from all the enrolled patients.

Among the consecutive patients who visited the outpatient clinic
of the Japan Somnology Center seeking treatment of their sleep
problems from May 2003 to December 2009, the subjects for this
study were selected from the patients who met the diagnostic
criteria for primary insomnia according to the Diagnostic and
Statistical Manual of Mental Disorders Fourth Edition Text
Revision (DSM-IV-TR). The diagnosis of primary insomnia for all
selected patients was confirmed by at least 2 psychiatrists who
specialize in sleep disorders. None of the patients had or were
previously affected with any other psychiatric disorders, such as
major depression, anxiety disorders, or substance abuse. Patients
who received antidepressants, antipsychotics, or more than 2 types
or unusually high doses of hypnotics were excluded from the study.
In cases of the suspected presence of other sleep disorders, 1 night
polysomnography and more than 2 weeks of sleep logs were
recorded for making differential diagnoses. As a result, 140
consecutive patients with primary insomnia, who met the criteria
of chronic insomnia with persistence of insomnia symptoms for at
least 6 months [16], were enrolled in this study (68 men and 72
women; mean age, 53.8+10.8 years).

All these patients filled out a self-assessment questionnaire
before starting the treatment with the usual dose of BZD or BzRA
hypnotic. The questionnaire requested information regarding sex,
age at the time of investigation, age at the onset of subjective
insomnia, duration of morbidity, marital status (married/unmar-
ried), occupation (employed/unemployed), and educational back-
ground (college educated/not). The Pittsburgh Sleep Quality
Index (PSQJ) was self-assessed for estimating the severity of their
insomnia symptoms before starting the treatment [17,18]. The
PSQI included the following sub-items: evaluating sleep quality
(C1), sleep latency (C2), sleep duration (C3), habitual sleep
efficiency (C4), frequency of sleep disturbance (C5), use of sleeping
medication (C6), and daytime dysfunction (C7). The scores of
these sub-items range from 0 (no difficulty) to 3 (severe difficulty)
and are summed to produce a global measure of sleep disturbance,
with a higher score denoting poorer sleep quality (range: 0-21).
Simultaneously, all patients completed the Zung Self-Rating
Depression Scale (SDS) [19].

At the start of hypnotic treatment for each patient, sleep
specialist physicians set a goal to finish the treatment within 6
months since increasing occurrence of dependence and withdraw-
al symptoms of BZDs or BzRAs are reportedly likely to increase
over 6 months of consecutive medication [20,21]. Based on this,
sleep specialist physicians instructed the subject patients to reduce
the amount of hypnotics by one-quarter tablet during the
treatment period, if their insomnia symptoms improved sufficient-
ly. During the treatment period, all patients visited the outpatient
clinic once per month regularly to receive a prescription of BZD or
BzRA together with general sleep hygiene education [22]; none of
them received any psychotherapy, including cognitive behavioral
therapy (CBT).

We divided the patients into 2 groups, namely, those who
achieved sufficient improvement of symptoms resulting in the
discontinuation of BZD or BzRA medication within a 6-month
treatment period (discontinuation group), and those who contin-
ued to be treated with those hypnotics even at the end of the
treatment period (long-term use group). PSQI was self-assessed at
two time points by all the subject patients. In the discontinuation
group, PSQI was re-evaluated at the time of cessation of treatment
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with hypnotics to confirm a sufficient improvement; in the long-
term use group, PSQI was re-evaluated 6 months after the start of
the treatment.

Statistical analysis

The Mann-Whitney U test and chi-square test were used for
comparison of descriptive variables between the discontinuation
group and the long-term use group. The Mann-Whitney U test
was also used for the comparison between the 2 groups of the
changes in PSQI total and sub-item scores from the baseline to the
end of the treatment period. The Wilcoxon signed rank test was
used for the comparison of PSQI total and sub-item scores
between the baseline and the end of the treatment period.

The factors associated with the discontinuation group were
examined by logistic regression analyses including the above-
indicated independent variables (sex, age at the time of investi-
gation, age at onset of insomnia, duration of morbidity, marital
status, educational background, occupation, SDS scores, and
PSQI scores). All variables were initially examined in univariate
models. To control for confounding factors and to determine the
main correlates, we then performed multivariate logistic regression
analysis for all variables that showed a significant correlation (p<
0.05) in the univariate models.

Receiver operating characteristic (ROC) curves [23] were
plotted and the mean estimated area under the curve (AUC) with
95% confidence interval (CI) for the PSQI score at the baseline
was calculated for predicting discontinuation of hypnotics. When
the slope of the tangent line of the ROC curve was statistically
equal to 1 (ie.,, AUC=0.5), the ROC curve was regarded as
inaccurate for prediction. The best cut-off value for predicting the
discontinuation of hypnotics was determined on the basis of
sensitivity, specificity, and positive likelihood ratio (LR+) and
negative likelihood ratio (LR—). According to an established
method [24], the cut-off value was assessed as adequate when LR+
was 2.0 or higher and LR— was 0.5 or lower.

SPSS version 11.5.1] software for Windows (SPSS Inc., Tokyo)
was used for the above statistical analyses. A p-value of less than
0.05 was considered to indicate a statistically significant difference.

Results

Patients’ characteristics are shown in Table 1. For the total
number of patients (n=140), the mean age at onset was
50.8+11.0 (mean*SD) years, the mean age at the time of
investigation was 53.8%£10.8 years, the mean duration of self-
reported insomnia morbidity was 2.9%2.3 years (all patients
indicated longer than 6 months), and the mean SDS score was
39.7+£8.9 points. The male/female ratio was 48.6%/51.4%,
72.1% of the patients were married, 34.3% had a college
education, and 56.4% were employed (Table 1).

Of all the patients, 35.0% received an ultrashort elimination
half-life BZD or BzRA, 45.7% received a short elimination half-
life BZD, 13.6% received an intermediate elimination half-life
BZD, and 5.7% received a long elimination half-life BZD. The
amount of BZD or BzZRA manifested as diazepam equivalent doses
was 6.1 £2.2 mg in the discontinued group and 5.9%2.1 mg in the
long-term use group.

There were 64 patients (45.4%) in the discontinuation group,
and the remaining 76 patients (54.6%) were in the long-term use
group. Among the long-term use group, 28 patients continued to
receive the same dose of BZD or BzRA as the baseline dose, 41
were prescribed a higher dose of the same BZD or BzRA than the
baseline dose, or other types of BZDs or BzRAs additionally
because of the ineffectiveness of treatment, and 7 were prescribed
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