200 S. Nakajima et al./Sleep Medicine 15 (2014) 196-202

Table 1

The factor loadings in exploratory factor analysis of the Japanese version of the Ford Insomnia Response to Stress Test among the healthy subjects, the insomnia patients, and the
previous results of the participants in the study with the original version of the Ford Insomnia Response to Stress Test.

Items Healthy subjects (n=161) Insomnia patients (n=177) Drake et al. [18] (n=104)"
3. After a stressful experience in the evening 0.92 0.85 0.73
2. After a stressful experience during the day 0.89 0.85 0.40
4. After getting bad news during the day 0.76 0.77 0.73
6. After having a bad day at work 0.74 0.70 0.68
7. After an argument 0.68 0.69 0.76
1. Before an important meeting the next day 0.63 0.51 0.56
8. Before having to speak in public 0.58 0.48 0.42
5. After watching a frightening movie or television show 0.48 0.40 0.48
9. Before going on vacation the next day 0.22 0.21 0.51

2 Participants were from a general population-based sample other than individuals with notable sleep-disordered breathing. Instructions of the Ford Insomnia Response to
Stress Test were as follows: “When you experience the following situations, how likely is it for you to have difficulty sleeping? Circle an answer even if you have not

experienced these situations recently.”

Table 2

Comparison of variables between the subjects with low scores and high scores on the Japanese version of the Ford Insomnia Response to Stress Test.

Subjects and variables Total Subjects with low Subjects with high P value (low FIRST-J Effect size (95% CI)
subjects scores on the FIRST-] scores on the FIRST-] vs high FIRST-])
Healthy subjects
Demographics
Age (y) 51.5+9.4 532+84 49,7 £10.2 <.05% d=038 (0.07-0.69)
Gender (women, %) 329 18.3 <01 ®» =031 (0.16-0.45)
Measures
FIRST 18656 140126 235+33 <.01* d=3.20 (2.74-3.66)
PSQI 43122 39+22 4.7 +2.1 <.05” d=047 (0.02-0.66)
AlS 29+2.1 24+19 34+2.1 <.01° d=0.50 (0.19-0.81)
STAlL 41.6+£104 38.2+95 449+103 <.01¢ d=0.68 (0.36-1.00)
Insomnia patients
Demographics
Age (y) 46.8 £15.8 46.0+16.9 47.0+15.5 ns* d=0.06 (~0.43 to 0.30)
Gender (women, %) 57.1 52.2 ns” @=0.09 (~0.06 to 0.23)
Measures
FIRST 240+59 154+2.7 26.3+4.2 <.01¢ d=2.78 (2.21-3.36)
PSQI 13.0+28 13.1+3.0 12.9+238 ns* d=0.07 (~0.36 to 0.50)
AlS 124+28 12.7+£45 123+38 ns* d=0.10 (-0.48 to 0.68)
STAI 48.2 £10.48 43.1+94 49.6£10.8 <.01* d=0.62 (0.20-1.03)

Abbreviations: FIRST-], Japanese version of the Ford Insomnia Response to Stress Test; Cl, confidence interval; y, years; PSQI, Pittsburgh Sleep Quality Index; AlS, Athens

Insomnia Scale; STAI, State-Trait Anxiety Inventory (items for trait); ns, not significant.

2 Unpaired test.

b +2 test, ranges of sample size depending on the number of missing data are the following: 155-161 in the healthy subjects, 131-176 in the insomnia patients, 76-82 in
the healthy subjects with low scores on the FIRST-J, 72-79 in the healthy subjects with high scores on the FIRST-], 29-37 in the insomnia patients with low scores on the

FIRST-J, and 102-140 in the insomnia patients with high scores on the FIRST-J.

original version, the FIRST-J was confirmed to have adequate inter-
nal consistency with a high Cronbach o coefficient among the
study population. Exploratory factor analysis also revealed that
the FIRST-] had a single-factor structure closely resembling that
of the original version, though the factor loading of item 9 (before
going on vacation next day) was lower than the value of the origi-
nal version. However, considering the lack of influence of item 9 on
correlations between the FIRST-] and the measures for insomnia
severity or anxiety, we believe that removal of item 9 is not neces-
sary for comparison of the total score of the FIRST between the ori-
ginal version and the Japanese version. Although the reason for the
low factor loading of item 9 remains unclear, this difference could
possibly be due to cultural or racial differences between partici-
pants in Japan and in the United States, where the original version
of the FIRST was developed. This speculation is supported by the
fact that the influence of a positive emotion-related stressor such
as a vacation is likely to be reflected by cultural or racial differ-
ences [40,411.

Two cognitive processes, rumination after experiencing a par-
ticular stressor and worry before experiencing a particular stressor,
reportedly influenced the insomnia mechanism [42]. Our study
revealed that the influence of the former was stronger than that

of the latter: items in the FIRST-] associated with rumination
(items 2, 3, 4, 5, and 7) showed higher factor loadings than those
associated with worry (items 1, 8, and 9), which is consistent with
the report by Carney et al. [42]. However, factor analysis showed
no 2-factor structure. Rumination- and worry-associated items
were clearly distinguishable. In our study, the scores of the PSQI
and AIS for the healthy participants with high FIRST-] scores were
significantly higher than those for participants with low FIRST-J
scores, which is consistent with the results of the original version
using n-PSG measures |18]. This finding indicates that the FIRST-J
has adequate discriminant validity.

Our results of the FIRST-] score positively correlating with the
score of the STAI in both the healthy participants and the insomnia
patients indicate that sleep reactivity is related with trait anxiety,
which is known as a factor determining vulnerability to insomnia
[3,26]. Correlation also was found between the score of the
FIRST-] and those of the PSQI or the AIS in the healthy participants.
However, no significant correlation was found between the FIRST-]
and these measures in the insomnia patients, which might indicate
that sleep reactivity is related with vulnerability to insomnia, but it
does not play a major role as a process aggravating insomnia.
Among the healthy participants, significant differences were found
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Table 3
Correlations between scores of the Japanese version of the Ford Insomnia Response to Stress Test and the other measures in the healthy subjects and the insomnia patients.
STAI PSQI AlIS
Healthy subjects® Not adjusted FIRST-] 44" 22 307
FIRST-] without item 9 44" 23" 29"
After controlling for age and gender FIRST-J A7 207 26"
FIRST-] without item 9 47" 21 23"
Insomnia patients® Not adjusted FIRST-] 39 .03 .05
FIRST-J without item 9 397 .02 .07
After controlling for age and gender FIRST-J 45" .04 .06
FIRST-J without item 9 437 .04 07

Abbreviations: FIRST-], Japanese version of Ford Insomnia Response to Stress Test; STAI, State-Trait Anxiety Inventory (items for trait); PSQI, Pittsburgh Sleep Quality Index;

AIS, Athens Insomnia Scale.
Parentheses indicate 95% confidence interval.

2 Sample sizes range from 131 to 172 depending on the number of missing data.
b sample sizes range from 151 to 161 depending on the number of missing data.

" p<.01.
" p<.01.

in age and gender between the groups with high and low FIRST-]
scores. However, no significant differences were found in these
variables between the groups with high and low FIRST-] scores in
the insomnia patients. Regarding gender differences, our result
was consistent with a report of a previous study described by
Drake et al. [18]. The higher rate of women in the high-scoring
FIRST-] group might be one factor for the predominant female
prevalence of insomnia. Regarding age, Drake et al. [18] reported
that high-scoring FIRST participants were older than those who
were low scoring, though the healthy participants with high
FIRST-J scores were younger than those with low scores in our
study. The reason for this inconsistency is unclear. However, nei-
ther age nor gender had a notable influence on correlation between
sleep reactivity and insomnia severity or anxiety.

As also shown in results of an earlier study {27}, our study re-
vealed that the insomnia patients had a significantly higher
FIRST-] score than the healthy participants. The participants with
high FIRST-] scores also included a greater number of participants
with insomnia. These results support the idea that sleep reactivity
is associated with vulnerability to insomnia.

Our study has some limitations. First, only self-rating scales
were used for evaluating insomnia. Further study should be con-
ducted using n-PSG measures, not only for screening other sleep
disorders but also for drawing conclusions about the relation be-
tween sleep reactivity and insomnia. Second, no assessment of
stress manipulation was performed in our study. An earlier study
[21] showed that participants with high FIRST-J scores were more
likely to feel daily stress that negatively affected their sleep, and
thus further study should be undertaken to explore the relation be-
tween sleep reactivity and stress manipulation. Third, the test-ret-
est reliability of the FIRST-] was not validated in our study. Fourth,
our study was conducted with a cross-sectional design. Prospective
research should be made to clarify the significance of sleep reactiv-
ity on the development of insomnia. Fifth, current participants
with insomnia might not be representative of the general insomnia
population, as they were recruited from outpatients of a single
sleep disorders clinic.

5. Conclusion

The FIRST-] has satisfactory validity and internal consistency
similar to the original version. Considering that FIRST-J was associ-
ated with severity of insomnia in the healthy participants but not
in the insomnia patients, the measure is expected to become an
important trait marker for insomnia in Japanese individuals.

Conflict of interest

The ICMJE Uniform Disclosure Form for Potential Conflicts of
Interest associated with this article can be viewed by clicking on
the following link: http://dx.dolorg/10.1016/i.sleep.2013.09.022,

Acknowledgments

Our study was supported by a Grant-in-Aid for Young Scientists
(B) (22730574) from the Japan Society for the Promotion of
Science.

References

[1] Kim K Uchivama M, Okawa M, Liu X, Ogihara R An epidemioclogical study of
insomnia among the Japanese general population. Sleep 2000,23:41-7,

[2] Morin CM, LeBlane M, Bélanger L, fvers H, Mérette {, Savard 1. Prevalence of
insomnia and its treatment in Canada. Can | Psychiatry 1;56:540-8.

[3] Taylor Di, Lichstein KL, Durrence HH, Reidel BW, Emiz Al Epidemiology of
insomnia, depression, and anxiety. Sleep 2005;28:1457-84.

[4] Bagiioni (. Bd%awz%c G, ?ewc B S;}lwelimléez K sen C, Veoderholzer U,

evaium;on of

3(}{25,{1 udmal ep)doxzmio«ic&x xméxes [Am ct 3) so;fi ){)? 11

[5] Ckajima [, Komada ¥, Nomura T, Nakashima K. Inoue Y. Insomnia
aé@;)mssm;} 3 33

Clin

[6] Ja 1t 1, &}u},u IR Ame]m M, &,i\bam!y T, Pérés K, Ritchie K. Insomnia and
daytime sleepiness ave risk factors for depressive symproms in the elderly.
Sleep 2011:34:1103~10,

[7] Pigeon WR, Hegel M, Unlitzer §, Fan MY, Sateia M], Lyness M, et al. Is insomnia
a perpetuating factor for late life depression in the IMPACT cohort? Sieep
2008;31:481-8.

[8] Ford Kamerow DB, Epidemiciogic study of
psychiaty disorders.  An opportunity  for

147984,

as a risk for
iwé;nal e;}%dgymimegéc study on a Japanese vural cohort. ]

slegp disturbances and
prevention?  JAMA

~ A, Buchwald D, Goins RY. insomuia symptors and

rascudar disease among older American Indians: the Native Elder Care

Environ Public Health 2011;2071:864617 [published online ahead of
print Decemnber 19, 20111

[10] Chien KL, Chen PC, Hsu HC, Su TC, Sung FC, Chen MF, et al
dura

{abitual steep
tion and insomnia and the risk of cardiovascular events and all-cause

singer O, Heler M, Loewsl H. Sleep disturbance as a predictor of type 2

abetes mellitus in men and women from the general population.

Diabetologla 2005;48:235-41.

[12] Lamond N 7T wann M, Dawson D, Factors predicting sleep distuption in
Type Il diabe . Steep 2000;23:415-8.

[13] Léger D, Morin O, Uchiyama M, Haldmi Z, Cure S, Walsh JK Chronicinsomnia,
quality-of-life, and urility scores: comparison with good sleepers in a cross-
sectional international survey. Sleep Med 2012 51.

[14] Kyle ‘x}‘ i\!im gan K %avre CA. Insomnia and health-related quality of life. Sleep

Meg

[15] Sasai” ‘, ‘nmzﬂ, \{. Kamada Y. Nowura T, Matsuura M, Matsushima E. Effects of
insomnia and sleep medication on health-related quality of life. Sleep Med
2010;11:452-7.



202 S. Nakajima et al./Sleep Medicine 15 (2014) 196-202

[16] Léger D, Scheuermaier K, Philip P, Paillard M, Guilleminault € SF-36:
evaluation of quality of life in severe and mild insomnia patients compared
with good sleepers. Psychosom Med 2001:63:48-55.

[17] Prake Cl. Roth T. Predisposition in the evolution of insomnia: evidence,
potential mechanisms, and future directions. Sleep Med Clin 2006;1:333-49.

[18] Drake € Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-
refated sleep disturbance and hyperarousal, Sleep 2004;27:285-91,

[19] Drake CL, Jefferson C, Roehrs T, Roth T. Stress-related sleep disturbance and
polysomnographic response to caffeine. Sleep Med 2006;7:567-72,

[20] Drake CL, Friedman NP, Wright KP, Roth 1. Sleep reactivity and insomnia:
genetic and environmental influences. Sleep 2011:34:1179-88.

[21] Petersen M, Kecklund G, D’Onofrio P, Nilsson ], Akerstedt T. Stress vulnerability
and the effects of moderate daily stress on sleep polysomnography and
subjective sleepiness. | Sleep Res 2013;22:56-7.

[22] Viens M, De Koninck §, Mercier P, St-Onge M, Lorrain D. Tralt anxiety and
sleep-onset insomnia; evaluation of treatment using anxiefy management
training. J Psychosom Res 2003:34:31-7.

[23] Van Dongen HP. Vitellaro KM, Dinges DF. Individual differences in adult
human sleep and wakefulness: Leitmotif for a research agenda. Sleep
2005,28:479-96.,

[24] Drake CL, Roehrs T, Roth T, Insomnia causes, conseguences, and therapeutics:
an overview. Depress Amdety 2003;18:163-76,

[25] vahtera ], Kivimaki M, Hublin C, Korkeila K, Suominen S, Paunio T, et al
Liability to anxiety and severe life events as predicrors of new-onset sleep
disturbances. Sieep 2007:30:1537-46.

[26] LeBlanc M, Mérette C, Savard J, vers H, Baillargeon L, Morin CM. Incidence and
risk  factors of insomnia in & population-based sample. Sleep
2009;32:1027-37.

[27] Jefferson C, Roth T, Roehrs T, Drake C. Sleep reactivity to stress in insomniacs.
In: Proceedings of the World Association of Sleep Medicine First Congress,
2005. p. 79-82.

[28] American Academny of Sleep Medicine. International Classification of Sleep
Disorders. 2nd ed. Westchester (JL): American Academy of Sleep Medicing;
2003,

[29] Lichstein KL, Burrence HH, Taylor D, Bush A], Riedel Bw. Quantitative criteria
for insomnia. Behav Res Ther 2003:41:427-45,

[30] Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res 1889:28:193-213,

[31] Doi ¥, Minowa M, Uchiyama M, Okawa M, Kim K, Shibui K, et al. Psychometric
assessment of subjective sleep quality using the Japanese version of the
pitisburgh Sleep Quality Index (PSQI-]) in psychiatric disordered and control
subjects. Psychiatry Res 2000:97:165-72.

[32] World Health Organization. The IKD-10 classification of mental and behavioral
disorders:  clinical descriptions  and  diagnostic  guidelines.  Geneva,
Switzerland: World Health Organization; 1992,

[33] Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens insomnia scale: validation
of an instrument based on ICD-10 criteria, | Psychosom Res 2000:48:555-60.

[34] Spietberger CD, Gorsuch RL, Lushen RE. Manual for the State-Trait Anxiety
Inventory {STAI} Palo Alto (CA): Consulting Psychologists Press; 1970,

[35] Mizuguchi K, Shimonaka Y, Nakazato K. The Japanese translation versi
State-Trait Anxiety Inventory. Kyoto, Japan: Sankyobo; 1981 {in Japanesel,

[36] Kaiser HF. An index of factorial simplicity. Psychometrica 1974;39:31-6.

[37] Cohen J. A power primer, Psycho! Bull 1992;112:155-9,

[38] Cohenn ] Statistical power analysis for the behavioral sciences. 2nd
ed, Hillsdale (N}): Lawrence Erlbaum; 1988.

[39] Faul F, Erdfelder E, Lang AG, Buchner A. GsPower 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods 2007;39:175-81.

[40] Leu ], Wang ], Koo K, Are positive emotions just as “positive” across cultures?
Emotion 2011;11:984-9,

[41] Mesquita B, Karasawa M. Different emotional lives. Cogn Emot
2002;16:127-41.

[42] Carney CE, Harris AL, Moss TG, Edinger [D. Distinguishing rumination from
worry in clinical insomnia. Behav Res Ther 2010;48:540-6.




Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

This article appeared in a journal published by Elsevier. The attached

copy Is furnished to the author for internal non-commercial research

and educalion use, including for instruction ai the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing coples, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitied to post their version of the
article (e.g. in Word or Tex form) to their personal websiie or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

hitp://www.elsevier.com/authorsrights



Psychiatry Research 210 (2013) 515-521

ELSEVIER

_ Contents lists available at ScienceDitece.

Peychiatiy Research

Cognitive behavioural therapy with behavioural analysis for (B coccnac

pharmacological treatment-resistant chronic insomnia

Isa Okajima *>“* Masaki Nakamura >, Shingo Nishida "¢, Akira Usui *"<,
Ken-ichi Hayashida *, Meri Kanno *“, Shun Nakajima *>, Yuichi Inoue *><

2 Japan Somnology Center, Neuropsychiatric Research Institute, Tokyo, Japan
b Department of Somnology, Tokyo Medical University, Tokyo, Japan

¢ Yoyogi Sleep Disorder Center, Tokyo, Japan
d Sleep and Stress Clinic, Tokyo, Japan

ARTICLE INFO

Article history:

Received 8 August 2012
Received in revised form
3 June 2013

Accepted 15 June 2013

Keywords:

Cognitive behavioural therapy
Behavioural analysis
Insomnia

Hypnotics
Treatment-resistant

ABSTRACT

This study aimed to determine whether (1) cognitive behavioural therapy with behavioural analysis for
insomnia (CBTi-BA) is more effective for insomnia and co-morbid depressive symptoms than treatment
as usual (TAU) and (2) whether CBTi-BA promotes earlier reduction of the daily dose of hypnotic
medication in chronic insomnia resistant to pharmacological treatment. A total of 63 patients with
chronic insomnia aged 20-77 years who already received hypnotic medication regularly were assigned
to two interventions: combined therapy or TAU alone. The subjects provided demographic information
and completed self-rating scales for insomnia and depressive symptoms. After treatment, the combined
therapy group showed significant decreases in the symptoms of both insomnia and depression and
significant reductions in the daily dose of hypnotic medication compared with the group receiving TAU
alone. In the combined therapy group, 71% of the participants reported a reduction in insomnia to normal
levels and 79% succeeded in decreasing the daily dose of hypnotics to 50% or less of the baseline dose.
These results revealed that CBTi-BA can reduce insomnia and depressive symptoms as well as the daily
dose of hypnotic medication in patients with chronic insomnia resistant to pharmacological treatment.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Nearly 20% of the general adult population has been reported
to have insomnia (Mellinger et al, 1985; Ancoli-lsrael and Roth,
1899; Kim et al, 2000). Additionally, 10-15% of the insomniac
population shows a chronic course (Mellinger et ai., 1985; Ford and
Kamerow, 1989; Chayon, 2002). Chronic morbidity of insomnia is
often associated with the development, treatment resistance or
relapse of depression (Ford and Kamerow, 1989; Buysse et al,
2008; Ckajima et al, 2012). Pharmacotherapy and cognitive
behavioural therapy for insomnia (CBTi) are the most often
prescribed treatments for insomnia. Among these, pharmacother-
apy is commonly used but is disadvantageous in that insomnia
symptoms are frequently observed to recur shortly after disconti-
nuation of the treatment. Pharmacotherapy is also associated with
side effects such as cognitive impairment and an increased risk of
injury due to falls in older adults (Hindmarch, 1991). Recently, the
1.8, Food and Drug Administration (FDA), 2013 recommended that

* Corresponding author at: Japan Somnology Center, Neuropsychiatric Research
Institute, 1-24-10, Yoyogi, Shibuya-ku, Tokyo 151-0053, Japan. Tel.: +81 3 3374 9112;
fax: +813 3374 9125.
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0165-1781/% - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
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doses of hypnotics should be reduced because blood levels in some
patients (women in particular) may be sufficiently high the
morning after use to impair activities that require alertness, such
as driving (FDA, 2013). Furthermore, long-term use of hypnotic
medication increases patients’ risk of developing a tolerance to the
medication andf/or becoming dependent on the usual dose
(Soldatos et al, 1989, Criffiths and Johnson, 2005). Moreover, a
considerable number of patients are known to be resistant to
pharmacotherapy (Morgan et al,, 2003).

CBTi is effective for improving insomnia symptoms in 70-80%
of patients (Morin, Haurl et al, 1899) and possesses a long-term
preventive effect on symptom recurrence (Worin, Colecchi et al.,
1999). The treatment has also been expected to promote the
reduction of and withdrawal from sleep medication use (Morin
et al., 2004; Seeffing et al, 2008; Morin et al,, 2009). However,
only a few studies explored the efficacy of CBTi in patients with
pharmacological treatment-resistant chronic insomnia; conclusive
evidence on its effectiveness is yet to be produced (Morgan et al,
2003; Morin et al, 2004; Belleviile et al, 2007, Soeffing et al,
2008). In particular, existing research differs on whether CBTi is
helpful for reducing the daily dosage of hypnotic medications.
Soeffing et al. {2008) reported that the dosage of hypnotics was
decreased when CBTi was coadministered in hypnotics-dependent
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older adults, but that there were no significant differences in the
dosage between the groups with CBTi and placebo control at the
end of the treatment period. By contrast, Morgan et al. (2603)
reported that the frequency of medication use in insomnia treat-
ment significantly differed between CBTi groups and control
groups at both the end of treatment and follow-up. In their study,
however, only 47% of the patients in the CBTi groups succeeded in
decreasing the dose of hypnotics to 50% or less of baseline dosages,
and only 29% in the CBTi group succeeded in discontinuation of
medication at the end of the treatment. Therefore, the effective-
ness of traditional CBTi is believed to be limited with regard to the
reduction of the use of hypnotics in patients with chronic
insomnia resistant to pharmacological treatment (Morin and
Espie, 2004).

The inclusion criteria for participants in these previous studies
were the use of hypnotics at least three nights per week (percen-
tage of the participants who used hypnotics continuously and
nightly between the CBTi group and control group was 59% and
56%, respectively) (Morgan et al.,, 2003). The proportion of parti-
cipants who used two or more types of hypnotics was relatively
low (i.e., the CBTi group and control group, 21% and 16%,
respectively) (Belleville et al,, 2007). However, most patients in
clinical settings use hypnotics almost every night, and a larger
percentage of them take two or more types of hypnotics.

Why has the effectiveness of traditional CBTi been limited in such
patients? One possible reason for this phenomenon is the issue of
instruction, including psychoeducation and sleep hygiene, in CBTi.
In general, the provision of instructions to patients seems to be
favourable, as interventions with instructional control have been
shown to be effective (Galizio, 1979; Lowe, 1879). However, an
instructional control intervention does not derive from basic beha-
vioural principles and is not a specific behavioural intervention
method, possibly forming rigid behavioural repertoires that are less
sensitive to the actual contingencies (Hayes, 1989). In this regard,
focussing on the actual contingencies could be necessary to guide
patients from inflexible behavioural repertoires (e.g., taking the same
dose of hypnotics every night) to more flexible ones (e.g., taking the
same dose of hypnotics if needed or practising dose tapering).

Currently, the importance of the practice of behavioural or func-
tional analysis (Ramnerc and Trneke, 2008), such as behavioural
activation treatment (Martell et al, 2001) and acceptance and com-
mitment therapy (Hayes et al, 1983), has been accepted among the
‘third wave’ behaviour therapies (Kanter et al, 2008). Behavioural or
functional analysis seeks to examine the actual contingencies among
antecedent behaviour (e.g., sleep-related behaviour) and subsequent
consequences. In CBTi sessions with behavioural or functional analysis,
the therapist and the patient discuss the influence of the patient’s
problem behaviours on short-term and long-term consequences as
well as alternative behaviours that can maintain the effectiveness of
the treatment over time. Thereafter, patients are instructed to test the
behaviours in daily life. This method has been shown to be more
effective than traditional cognitive therapy for depression (Dimidjian
et al, 2006). Kanter et al. (2008) emphasised that treatment focussing
on reinforcement contingencies (i.e, behavioural analysis) is more
effective than treatment based on the provision of instructions
(i.e, CBTi). Ghaderi (2006) compared the efficacy of CBT with
behavioural analysis and traditional CBT for bulimia nervosa and
showed that the proportion of subjects who responded to treatment
was higher in the group receiving CBT with behavioural analysis than
the group receiving traditional CBT alone. Therefore, it can be expected
that CBTi with additional behavioural analysis would be more effective
for pharmacological treatment-resistant chronic insomnia than
traditional CBTi.

Earlier studies have shown considerable heterogeneity in the
characteristics of participants between clinical- and research-
based studies (i.e., patients who are referred for treatment as

opposed to participants recruited mainly by media advertisement)
(e.g., Stepanski et al, 1989, Martin and Ancoli-lsrael, 2002;
Davidson et al, 2009). For example, clinical patients are more
likely to suffer from not only severe nocturnal insomnia symptoms
but also daytime dysfunction, including higher levels of anxiety
and depression; further, they are more likely to fail to respond to
treatment with hypnotics (Davidson et al, 2009). Therefore, it is
preferable to conduct studies in clinical settings to clarify whether
CBTi is effective for patients with pharmacological treatment-
resistant insomnia. However, only a few studies have been con-
ducted with this patient population (Morgan ef al,, 2003).

Against this background, the present study evaluates the
effectiveness of CBTi with behavioural analysis (CBTi-BA) for
patients with pharmacological treatment-resistant chronic insom-
nia in a clinical setting. The goal was to clarify the following issues:
(1) whether CBTi-BA is more effective in treating insomnia and co-
morbid depressive symptoms than treatment as usual (TAU) and
(2) whether CBTi-BA can promote a reduction in the daily dose of
hypnotic medications used in treatment.

2. Methods
2.1. Participants

Eligible participants of this study were patients of the Yoyogi Sleep Disorder
Center presenting between October 2008 and October 2010 seeking treatment for
chronic insomnia unresponsive to prior pharmacological therapies, who were 20
years of age or older and met the criteria of insomnia according to the second
edition of the International Classification of Sleep Disorders (American Academy of
Sleep Medicine, 2005). Most of the patients had been referred by local psychiatrists
or general practitioners. Participants’ disturbed sleep met all the following addi-
tional criteria: (1) difficulties in initiating and/or maintaining sleep, defined as
subjective sleep-onset latency and/or waking after sleep onset > 30 min at least
three nights per week (Lichstein et al, 2003); (2) insomnia morbidity for over
6 months (Lichstein er al, 2003); (3) a score of 6 or greater for insomnia as
measured by the Pittsburgh Sleep Quality Index (PSQI; Dol et al, 2000); and
(4) nightly use of hypnotic medication for a minimum of the preceding 3 months
(Morin et al,, 2004; Belleville et al, 2007). Exclusion criteria were (1) insomnia due
to medical or psychiatric disorders (American Psychiatric Association, 2000) or
pharmaceutical causes and (2) the existence of other sleep disorders such as
obstructive sleep apnoea syndrome, restless leg syndrome, periodic limb move-
ment disorder or circadian rhythm sleep disorders. In order to exclude patients
with these sleep disorders, eligible patients underwent nocturnal polysomnogra-
phy and/or provided self-report sleep logs for more than 2 weeks, if necessary.

2.2. Procedure

This study was performed as an open trial with a quasi-experimental design.
After the diagnoses were made by board-certified sleep disorder specialist
physicians, participants were assigned to TAU alone or combined therapy (CBTi-
BA plus TAU) according to the patients’ choice. Instruments as indicated below
were administered to the patients in both intervention groups during the first visit.
The same questionnaires were also administered to the combined therapy group
immediately after the sixth session (mean (standard deviation, S.D.)=2.43 (0.62)
months) and to the TAU group after at least 2 months of biweekly or monthly TAU
sessions (mean (S.D.)=2.32 (0.49) months). This study was approved by the ethical
review board of the Neuropsychiatric Research Institute, Japan; written informed
consent was obtained from all participants.

2.3, Measures

2.3.1. PSQ!

This well-validated instrument is composed of four open-ended questions and
19 self-rated items (four-point scale) assessing subjective sleep disturbances over a
1-month period (Buysse et al, 1989; Doi et al, 2000). Questions focus on the
following seven components: sleep quality (C1), sleep latency (C2), sleep duration
(C3), sleep efficiency (C4), other sleep disturbances (C5), medication use (C6) and
daytime dysfunction (C7). The PSQI was used as an initial eligibility screening
measure for subjects in this study; it was also used to detect changes in subjective
sleep disturbance over the course of treatment. Scores were compared between the
groups. Pathology is indicated by a score of 5.5 points or greater (Buysse et al,
1989; Doi et a1, 2000).
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2.3.2. Athens Insomnia Scale (AIS)

The Athens Insomnia Scale (AIS) is a self-rated inventory consisting of eight
items (Soldatos et al, 2000, 2003; Okajima et al, in press): the first five items
assess difficulty in sleep initiation, awakening during the night, early morning
awakening, total sleep time and overall quality of sleep, while the last three items
pertain to the daytime consequences of insomnia, such as problems with the sense
of well-being, overall functioning and sleepiness during the day. Responses are
made on a four-point scale that ranges from 0 (no problem at all) to 3 (very serious
problem). Participants were requested to rate each item as positive (i.e., to choose
among rating options 1, 2 and 3) when they had experienced sleep difficulty at least
thrice weekly during the previous month as defined by the International Statistical
Classification of Diseases and Related Health Problems 10th revision (ICD-10)
criteria for insomnia (World Health Organization, 1882). The scale was used as a
measure of outcomes to document concomitant change in insomnia symptoms
over the course of treatment. With this instrument, pathology is determined by a
score of 6 points or greater (Soldatos et al, 2003; Okajima et al., in press).

2.3.3. Self-rating Depression Scale (SDS)

We used the Self-rating Depression Scale (SDS) (Zung, 1965) for estimating the
severity of depressive symptoms with a four-point scale (1=a little of the time,
2=some of the time, 3=a good part of the time and 4=most of the time). The SDS
is a self-rated inventory consisting of 20 items. We used total SDS scores to measure
depression. Patients with a total SDS score of 50 points or higher were rated as
showing definite depressive symptoms during the preceding 1 month (Barrett
et al., 1978). As SDS also addresses insomnia, the total score of SDS after removing
this item was also calculated.

2.4. Sleep diaries

All participants completed sleep diaries every morning for 2 weeks at baseline.
Participants assigned to the combined therapy group were asked to continue their
sleep diaries all through the treatment period so as to practise the sleep-scheduling
technique.

2.5. Treatment condition

After completing the baseline assessment, the patients were assigned to the
treatment group they had selected: TAU alone or combined therapy.

2.5.1. CBTi with behavioural analysis

The patients receiving CBTi-BA attended six biweekly individual treatment
sessions, each 50 min in length. The first session began after the intake interview
and case formulation based on the functional analysis. The CBTi was administered
according to a manualised multicomponent approach consisting of several modules
introduced at different stages in the treatment process (Morin and Espie, 2004,
Edinger and Carney, 2008). The treatment components of CBTi-BA include sleep
education and sleep hygiene (session 2), progressive muscle relaxation (session 3),
sleep scheduling (consists of sleep restriction and stimulus control, sessions 4 and
5), coping with worry (session 6) and an explanation of medication tapering (#orin
and Espie, 2004) based on principles of behavioural analysis (Ramnero and
Térneke, 2008). The procedures discussed for tapering medication were addressed
on a case-by-case basis because the sleep-related problem behaviour and timing
appropriate for tapering differed from person to person. The therapist explained
how to taper the medication and discussed the potential risk of rebound insomnia.
The therapy sessions were facilitated by a clinical psychologist and behaviour
therapist (1.0.). On the basis of the principles of behavioural analysis, a therapist
explained to each patient the contingency between antecedent sleep-related
behaviour and subsequent short- and long-term consequences and discussed the
relationship between problematic sleep-related behaviour (e.g., patient taking
additional hypnotic medications when he/she could not fall asleep) and short-
term consequences (e.g., the patient could get some relief) as well as long-term
consequences (e.g., possibly becoming dependent upon the medication). Subse-
quently, the therapist and the patients discussed alternative behaviours (e.g., get
out of bed and perform the progressive muscle relaxation exercise) more likely to
result in a long-term favourable outcome (e.g., sleeping without additional use of
hypnotics). The patients followed these instructions between sessions, tracking
their results according to the aforementioned procedures.

2.5.2. Treatment as usual

The TAU group followed the standard clinical treatment protocol, under which
sleep disorder specialist physicians offered appointments to prescribe or to
discontinue prescriptions during at least 2 months of the treatment period. The
patients allocated to TAU received no treatment other than pharmacological
therapy and information about tapering their medication. Patients in this group
also received no counselling from clinical psychologists on coping with insomnia.

2.6. Data management and statistical analysis

The sample size of this study was determined on the basis of a power analysis
using data from one previous study on tapering hypnotics with or without CBTi
(Believiile et al, 2007). Data on sleep efficiency, a commonly used subjective sleep
parameter, were used for the power analysis because the PSQI or AIS had not been
used in the Belleville et al. (2007) study. A comparison between patients seeking to
taper hypnotic use with and without CBTi yielded an effect size of 0.70 for sleep
efficiency. With a sample size of 34 individuals per treatment group during the 6-
week treatment, under a two-tailed analysis of variance (ANOVA, a=0.05), power
to detect effect size was estimated at 80% (Cchen, 1988).

Descriptive and inferential statistics were computed using Statistical Package for the
Social Sciences (SPSS) version 19.0 (IBM Inc., Tokyo, Japan). Two-sample t-tests or z*
tests were used to examine demographic and clinical variables: age, duration of
hypnotic medication use, duration of insomnia morbidity, daily dose of hypnotics and
the PSQI, AIS and SDS scores at baseline. Daily doses of hypnotics were calculated as
lormetazepam equivalent. A 2 x 2 (group x time) repeated-measures ANOVA with
Bonferroni-corrected post hoc comparisons and effect sizes (Cohen’s d) was used to
investigate differences between the interventions (combined therapy group vs. TAU
group) in terms of treatment effects as measured by the change in scores (difference in
values between the ‘end’ point and baseline data of each scale). Typically, values of 0.2 or
below reflect a generally small effect size, around 0.5 reflect a moderate effect size and
0.8 and above reflect a large effect size (Cohen, 1988). In addition, a Spearman
correlation analysis was conducted to examine the relationship between the change
in insomnia symptoms and that in depressive symptoms.

The rate of patients’ normalisation between the two treatments was examined
by calculating the proportion of the participants who showed a decrease in AIS score
to 5 or less (Soldatos et al, 200%; Okajima et al, 2012) for insomnia symptoms and a
total SDS score of 49 or less (Barrett et al, 1978) for depressive symptoms at the ‘end’
point. In addition, we calculated the proportion of the participants who were able to
reduce their daily dose of hypnotic medication to 50% or less of the dose at baseline
and those who were able to cease the medication at the end of the treatment, as in a
previous study (Morgan et al, 2003). To evaluate the outcomes in more detail, we
investigated the difference between the combined therapy and TAU alone in terms of
the number needed to treat (NNT; McQuay and Moore, 1997), which is the number of
patients who need to be treated with a particular treatment (e.g., combined therapy),
to obtain a normalised patient for a treatment period. An NNT of 2 or 3 indicates
favourable effectiveness of treatment (McQuay and Moore, 18997),

3. Results
3.1. Baseline characteristics

A total of 68 patients completed the study (each group: n=34).
In the TAU group, however, three patients answered at least one of
the above-indicated scales incompletely, and scales were not
obtained from two patients at the end of the treatment. Therefore,
the total number of samples sufficient for analysis was 63
(combined therapy: n=34; TAU: n=29). Age, gender, duration of
insomnia morbidity, duration of hypnotic medication use, scores of
self-rating measures (PSQI, AIS and SDS) and the daily dose of
hypnotic medications (lormetazepam dose equivalents) did not
differ significantly between the two groups at baseline (Tabie 1).
Ten patients (29%) in the combined therapy group and eight (28%)
in the TAU group scored 50 points or higher on the SDS, qualifying
as having depression at baseline. No significant difference was
found between the two treatment groups in terms of the propor-
tion of patients scoring as depressed.

The proportions of patients using hypnotics of different half-life
categories were as follows: 18% used ultra-short-acting type
(zolpidem, zopiclone or triazolam); 27%, short-intermediate-
acting type (brotizolam, triazolam, lormetazepam, flunitrazepam,
estazolam or nitrazepam); and 3% long-acting type (fludiazepam
or quazepam). None used antidepressants. As many as 33 (52%)
were taking two or more kinds of hypnotics. There was no
significant difference between the two treatment groups in terms
of the proportion of patients in each hypnotic category (Table 1).

3.2. Outcome measures

Means and standard deviations for clinical measures at baseline
and at the end of the treatment are presented in Table 2.
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Table 1
The baseline Characteristics of patients completing the treatment period.

Total Combined therapy® n=34 TAU alone, n=29 t or y° values (d.f.) p-value

Gender (M/F) 21/42 10/24 11/18 7 (1)=0.51 048
Age, year (Mean, S.D.) 46.51 (15.55) 49, 35 (14.71) 43.17 (16.08) t (61)=1.59 0.12
Duration of insomnia morbidity, year (Mean, S.D.) 745 (9.31) 8.72 (10.94) 5.84 (6.55) t(57)=119 0.24
Duration of hypnotic medication use, year (Mean, S.D.) 3.91 (4.81) 4.58 (5.55) 2.88 (3.23) t (49)=124 0.20
PSQI (Mean, S.D.) 13.05 (2.96) 13.59 (3.25) 12.45 (2.52) t (59)=1.53 0.13
AIS (Mean, S.D.) 11.53 (4.08) 11.56 (4.83) 11.50 (3.01) t (60)=0.06 0.96
SDS (Mean, S.D.) 45.00 (7.30) 44.73 (7.83) 4533 (6.73) t (60)=~0.32 0.75
Type of medication used for insomnia, n (%)

Ultra-short-acting hypnotics alone 11 (18) 7 (21) 4(14) 7 (1)=0.50 0.48

Short or intermediate-acting hypnotics alone 17 (27) 10 (29) 7 (24) 2 (1)=022 0.64

Long-acting hypnotics alone 2(3) 1(3) 1(3) £ (1)=0.01 0.91

Antidepressant alone 0 (0) 0(0) 0(0)

Two or more kinds of drugs, n (%) 33 (52) 16 (47) 17 (59) 7 (1)=084 0.36

AlS=Athens Insomnia Scale. F=female. M=male. PSQI=Pittsburgh Sleep Quality Index. S.D. = standard deviation. SDS=_Self-rating Depression Scale. TAU=treatment

as usual.

& Combined therapy means cognitive behavioral therapy with behavioral analysis for insomnia (CBTi-BA) plus TAU.

Table 2
The changes in clinical symptom measures in each intervention group.

Combined therapy®, Mean (S.D.)

TAU alone, Mean (S.D.) Effect sizes (d)” (95% CI)

Baseline End-of-treatment Baseline End-of-treatment
Total score of PSQI 13.59 (3.25) 8.10 (2.95) 12.45 (2.52) 1117 (3.23) 1.25 (0.71-1.79)
C1, sleep quality 2.21 (0.81) 1.06 (0.42) 2.21 (041) 1.69 (0.71) 0.73 (0.22-1.24)
C2, sleep latency 2.35(0.81) 1.21 (0.91) 2.34 (0.94) 2.00 (0.96) 0.79 (0.28-1.30)
C3, sleep duration 2.03 (0.85) 1.67 (0.74) 1.90 (1.05) 1.62 (1.02) 0.08 (—0.42-0.58)
(4, habitual sleep efficiency 1.38 (1.29) 0.44 (0.76) 1.07 (1.28) 0.93 (1.22) 0.62 (0.11-1.13)
C5, sleep disturbance 1.25 (0.51) 0.81 (0.54) 1.03 (0.42) 0.97 (0.42) 0.64 (0.13-1.15)
C6, use of sleeping medication 2.79 (0.60) 2.00 (1.30) 2.31(1.10) 2.62 (0.94) 0.97 (0.45-1.49)
C7, daytime dysfunction 152 (0.76) 0.88 (0.78) 1.59 (0.91) 1.35 (0.94) 0.58 (0.07-1.09)
Total score of AIS 11.56 (4.83) 4.74 (3.06) 11.50 (3.01) 8.71 (4.59) 0.92 (0.40-1.44)
Total score of SDS 44.73 (7.83) 39.41 (8.40) 45.33 (6.73) 44,90 (5.89) 0.70 (0.19-1.21)
Total score of SDS after excluding item for insomnia 4141 (7.44) 37.55 (8.02) 41.83 (6.92) 42.29 (5.91) 0.59 (0.08-1.10)

Note. AIS = Athens Insomnia Scale. PSQI=Pittsburgh Sleep Quality Index. S.D.
d=Cohen’s effect size (Cohen, 1988). 95% Cl=95% Confidence Interval.

standard deviation. SDS=Self-rating Depression Scale.TAU = treatment as usual.

2 Combined therapy means cognitive behavioral therapy with behavioral analysis for insomnia (CBTi-BA) plus TAU.
b Effect sizes were calculated by using the difference in the scores between the baseline and the end of the treatment.

Significant group x time effects were obtained for the PSQI
(F158=22.91, P<0.01), AIS (F;60=16.61, P<0.01) and SDS
(F160=8.51, P<0.01) self-rating measures. Post hoc comparisons
showed that the PSQI and the AIS scores significantly decreased at
the end of the treatment in both treatment groups (P < 0.01,
respectively) but that the SDS score significantly decreased at
the end of the treatment in only the combined therapy group
(P < 0.01). The reduction in the scores of all these scales at the end
of treatment was significantly larger in the combined therapy
group than in the TAU group (P < 0.01). A similar reduction of the
SDS score was also shown after excluding the item score for
insomnia with two-way repeated measures ANOVA (F;60=5.39,
P <0.01) and post hoc analysis (P < 0.01). The effect sizes (d) were
1.25 for the PSQI, 0.92 for the AIS, 0.70 for the SDS and 0.59 for the
SDS without the insomnia item (Tabie 2).

Significant group x time interaction effects were also
obtained for the PSQI subscales - sleep quality (C1; F;¢;=8.32,
P <0.01), sleep latency (C2; F;5;=10.10, P < 0.01), habitual sleep
efficiency (C4; Fy59=5.78, P=0.02), sleep disturbance (C5;
F159=6.18, P=0.02), use of sleep medication (C6; Fjgo=14.37,
P <0.01) and daytime dysfunction (C7; F1g0=4.99, P=0.03). Post
hoc comparisons showed that the score for sleep quality was
significantly decreased at the end of the treatment in both
intervention groups. However, the scores of the other scales
were significantly decreased at the end of the treatment only in
the combined therapy group (P < 0.01, respectively). In addition,

decreases in the scores for sleep quality, sleep latency, use of
sleeping medication and daytime dysfunction at the end of
treatment were significantly larger in the combined therapy
group than in the TAU group (P < 0.01, respectively). Not an
interaction effect, but a significant main effect of time was
obtained for sleep duration (C3; F50=5.78, P=0.02). The effect
sizes (d) were 0.73 for sleep quality, 0.79 for sleep latency, 0.08
for sleep duration, 0.62 for habitual sleep efficiency, 0.64 for sleep
disturbance, 0.97 for use of sleep medication and 0.58 for day-
time dysfunction (Table 2).

3.3. The dose of hypnotic medications

The average lormetazepam equivalent dose of hypnotic medi-
cation per night changed from 1.70 mg (S.D.=1.28) at baseline to
0.54 mg (5.D.=0.61) at the end of the treatment in the combined
therapy group and from 133 mg (S.D.=0.88) to 1.25mg (S.
D.=1.07) in the TAU group (Fig. 1). A significant group x time
effect was obtained for the change in the nightly dose of hypnotics
(F161=19.32, P=0.01). Post hoc comparison showed that a sig-
nificant decrease in the nightly dose of hypnotics at the end of the
treatment was observed in only the combined therapy group
(P <0.01) and that the decrease in the dosage in this group was
significantly larger than that in the TAU group (P < 0.01). The effect
size (d) was 1.10 (95% confidence interval (CI): 0.57-1.63).
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Fig. 1. The change in nightly dosage of hypnotics in each group. Values are
expressed as lormetazepam-equivalent doses.

3.4. Correlation between the changes in scores of insomnia and
depression

There was a significant and strong positive correlation between
the changes in the scores of the PSQI and the AIS from the baseline
to the end of treatment (r=0.71, 95% CI: 0.50-0.84, P < 0.01). There
were also weak but significant correlations between the changes
in the scores of the SDS and the PSQI (r=0.33, 95% CI: 0.01-0.59,
P < 0.01) and between those of the SDS and the AIS (r=0.40, 95%
Cl: 0.09-0.64, P < 0.01). An almost similar result was obtained for
the relationship between SDS and PSQI or AIS after excluding the
insomnia item score from the total score of SDS (r=0.31, 95% CI:
0.07-0.52, P<0.05; r=036, 95% Cl: 0.04-0.61, P<0.01,
respectively).

3.5. Outcome for normalised patients and dose reduction of
hypnotics

At the end of the treatment, 24 patients (71%) in the combined
therapy group and seven patients (24%) in the TAU group showed
an AIS score of 5 or less; and NNT was 2.2 (95% CI; 1.5-4.1).
Regarding depression, six out of 10 patients (60%) in the combined
therapy group and two out of eight patients (25%) in the TAU
group scored 49 or less on the SDS; and NNT was 2.9 (95% CI; 1.3-
13.0). Regarding hypnotic medication, 27 patients (79%) in the
combined therapy group succeeded in tapering the daily dose to
50% or less of baseline, while only six patients (24%) in the TAU
group had that same outcome. In addition, 13 patients (38%) in the
former group were able to discontinue the medication, while only
one patient (4%) in the latter group had that same outcome. NNT
was 1.8 (95% CI: 1.3-2.9) for 50% or more of the dose reduction of
hypnotics and 2.9 (95% CI: 1.9-6.2) for the cessation of medication
(Fig. 2).

3.6. Post hoc power analysis

We conducted a power analysis using the sample size of this
study and obtained sufficient effect sizes for the PSQI (d=1.25), the
AIS (d=0.92) and the decrease in the nightly dose of hypnotics
(d=1.05). With a sample size of 34 in the combined therapy group
and 29 in the TAU group (e=0.01, two-tailed), power (1 - ) was
estimated at 0.99, 0.83 and 0.93, respectively.

4. Discussion

This study was the first to compare the efficacy of combined
therapy with CBTi-BA plus TAU and TAU alone in patients with
chronic insomnia who had not obtained sufficient improvement

(%]
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Fig. 2. The proportion of normalized patients and reduction in dosage of hypnotics
at the end of the treatment.

after a course of regular pharmacological treatment in a clinical
setting. We found that the combined therapy was more effective
for both insomnia and depressive symptoms at the end of treat-
ment than TAU alone.

Although the total scores of the PSQI and the AIS were
significantly reduced at the end of treatment even in the TAU
group, the effect of combined therapy on these measures was
clearly superior to that of TAU alone because the effect sizes (d)
were large. However, different from the other variables’ effect on
the PSQI, superiority of the effect of CBTi-BA was not observed for
the sleep duration (C3) subscale. With regard to this phenomenon,
a previous meta-analytic study (Smith et al,, 2002) revealed that
hypnotic medication was superior in terms of improvement in
sleep duration compared to CBTi. Given this, the fact that patients
in both treatment groups received pharmacotherapy during the
study period might contribute to the lack of difference in effect on
sleep duration between the two groups. In addition, considering
that CBTi may increase total sleep time as measured at the follow-
up appointment but not at the end of the treatment (Okajima
et al, 2011), the result at the follow-up might become different
from that at the end of the treatment, if we evaluated the PSQI at
the follow-up appointment.

The present findings that symptoms of depression were sig-
nificantly improved only in the combined therapy group support
the results of previous studies (Mimeault and Morin, 1589;
Zavesicka et al., 2008). In the present study, mean baseline scores
of the SDS in both treatment groups were approximately 45
points. Given that the pathological cut-off level of the SDS is
estimated at 50 points (Barrett et al, 1978), the mean scores of the
participants corresponded to non-pathological or mild degree
designations. However, we found significant and positive correla-
tions between the score of PSQI or the AIS and that of the SDS.
Thus, CBTi-BA might improve depressive symptoms through
reducing insomnia symptoms as previously reported in research
on eszopiclone (Fava et al., 2006).

Normalisation of insomnia symptoms was achieved in 71% of
the patients treated with the combined therapy (NNT=2.2).
Moreover, 79% of patients in this group succeeded in decreasing
the dose of hypnotics to 50% or less of baseline dosage (NNT=1.8)
and 38% of CBTi-BA-treated patients were able to discontinue the
medication (NNT=2.9). The rates of tapering and/or discontinua-
tion of hypnotic medications in the present study are higher than
those reported in previous studies (Morgan et al, 2003). The
reason behind this phenomenon is unclear. However, considering
that long-term use of hypnotics may raise the risk of developing
both tolerance and dose dependence with drugs of this kind
(Soidatos et al, 1999; Griffiths and Johnson, 2005) and that
physical quality of life (QOL) is likely to be deteriorated in patients
using sleep medication irrespective of insomnia symptoms (Sasai
et al, 2010; Komada et al, 2011), the use of CBTi-BA to support
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attempts to taper off hypnotics would be beneficial for long-term
pharmacologically treated patients with insomnia.

Our study has several limitations. First, the present study was
conducted as a quasi-experimentally designed open trial and not
as a randomised controlled trial (RCT). Although there was no
significant difference in descriptive variables between the two
intervention groups at the baseline, the selection bias or placebo
effect could not be negligible (Kazdin, 2003). In addition, the role
of motivation to discontinue hypnotic medication was not eval-
uated; it would therefore be desirable to evaluate patients’
motivations in future research. Furthermore, we did not directly
compare the effectiveness between CBTi-BA and the traditional
CBTi. It is necessary to conduct an RCT to compare the effective-
ness directly between CBTi-BA and traditional CBTi for patients
with pharmacological treatment-resistant chronic insomnia.

Second, our study did not have any patients with severe
depression, mainly because we excluded patients with straightfor-
ward mood disorders. Although CBTi has reportedly been effective
for treating symptoms of depression in primary insomnia and for
both insomnia and moderate depressive symptoms in major
depressive disorders (Manber et al, 2008; Okajima et al, 2011;
Watanabe et al, 2011), further research on the effectiveness of
CBTi-BA in patients with pharmacological treatment-resistant
chronic insomnia and at least minor co-morbid depression is
warranted.

Finally, the number of participants was relatively small and all the
participants were drawn from one clinical location. Therefore, the
participants of our study might not be representative of all patients
with pharmacological treatment-resistant chronic insomnia.

In summary, the results of the present study revealed that
CBTi-BA in a clinical setting is highly effective for improving both
insomnia and depressive symptoms as well as for reducing the
daily dose of hypnotics in patients with treatment-resistant
chronic insomnia. Future research should be conducted to evaluate
the long-term effects of CBTi-BA on patients of this type, focussing
in particular on the preventive effect against the relapse of
insomnia symptoms.
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Aim: The aim of this study was to develop and vali-
date a Japanese version of the Athens Insomnia Scale
(AIS-)).

Methods: The AIS-] was created using a back-
translation design. A total of 477 outpatients with
chronic insomnia and 163 individuals from the
general community were recruited. Participants were
asked to complete the AIS-] along with two other
insomnia scales — Japanese versions of the Pittsburgh
Sleep Quality Index and the Insomnia Severity Index.

Results: The AIS-] consisted of a two-factor structure:
‘nocturnal sleep problem’ (items 1-5) and ‘daytime
dysfunction’ (items 6-8). Internal consistency

coefficients ranged from 0.78 to 0.88. Correlations
between the AIS-J] and the aforementioned autho-
rized scales were 0.81 and 0.85, respectively. Scores
on the AIS-J were significantly higher for the insom-
nia group than for the control group. The AIS-J cut-off
value for identifying pathological insomnia was esti-
mated at 6 points or more, and the AIS-J-nocturnal
cut-off value was estimated at 4 points or more.

Conclusions: The AIS-] has sufficient validity and
diagnostic utility.

Key words: Athens Insomnia Scale, insomnia, Japa-
nese, reliability, validation.

IT IS ESTIMATED that insomnia symptoms are
prevalent in approximately one-fifth of the general
adult population.! In several population-based
studies, 25-35% of subjects experience occasional or
mild insomnia, > and in 10-15% of these subjects,
insomnia follows a chronic course’® There are
several insomnia-related, self-rating scales currently
available for evaluating subjective insomnia. Among
these, the Pittsburgh Sleep Quality Index (PSQI),*8
the Insomnia Severity Index (ISI),”""! and the Athens
Insomnia Scale (AIS)'*'* are commonly used, autho-
rized insomnia symptom questionnaires. All three
scales have been shown to have appropriate diagnos-
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tic utility and include a set of items for evaluating
both nocturnal sleep disturbance and daytime dys-
function. In regard to the specific characteristics of
each scale, the item for frequency of sleep medication
use is set only in the PSQI,® while the ISI is capable of
categorizing insomnia severity as follows: absence
of insomnia (0-7), sub-threshold insomnia (8-14),
moderate insomnia (15-21), and severe insomnia
(22-28)." The AIS was created to assess the severity
of insomnia on the basis of the ICD-10"* diagnostic
criteria for insomnia.’> However, the PSQI has some-
what more items than the AIS and ISI (19, 8, and 7
items, respectively) and scoring points for each item
is not easy in the PSQI. When we calculated the ‘sleep
duration (C3) score, for example, an answer to ques-
tion 4 (actual sleep time at night during the past
month) filled out by a respondent, we had to trans-
form the scores into a range from 0 (>7h) to 3
(<5 h). On the contrary, the total AIS or ISI scores can

© 2013 The Authors
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be calculated simply by summing all item scores. In
the 18], it is doubtful whether patients’ self-rating of
insomnia severity ratings for each symptom, between
0 (none) and 4 (very severe), is adequate. However, the
AIS estimates nocturnal and daytime sleep problems
that occur at least three times a week on the basis
of ICD-10 criteria,'® and the total score is calculated
as a sum of all scores according to items that have
been self-checked by subjects. Therefore, the state of
insomnia seems to be more easily clarified by the AIS
than with the PSQI and the ISI. While the AIS can be
regarded as a highly useful instrument in both clini-
cal and research settings, a well-validated Japanese
version of the scale has not yet been established.
Therefore, this study aims to develop and validate a
Japanese version of the AIS (AIS-]).

METHODS

Participants

The study sample comprised 640 individuals (52.0%
men and 58.0% women) with a mean age of 48.8 =
15.5 years. The sample included 477 outpatients with
chronic insomnia who fulfilled the criteria of the
second edition of the International Classification of
Sleep Disorders.’® All outpatients visited our sleep
clinic seeking treatment for their sleep disorders (224
men, 253 women; mean age 47.9 = 16.8 years). Of
these outpatients, 112 patients were confirmed to
have comorbid sleep disorders based on the results of
a polysomnography and sleep logs (30 patients had
sleep apnea and 27 had delayed sleep phase syn-
drome) or psychiatric disorders (45 had a depressive
disorder and 10 had an anxiety disorder) that met the
diagnostic criteria of the 10th revision of the Interna-
tional Classification of Diseases.!” All the diagnoses
were made by sleep disorder expert psychiatrists. The
control group consisted of 163 individuals who
scored less than 6 points on the Japanese version of
the PSQI (PSQI-J)'® (109 men, 54 women; mean age
51.3 £ 10.1 years). All control subjects were working
in a private company and had never visited any psy-
chiatric hospital or sleep clinic.

Measures
AIS-J

The original AIS is a self-rating inventory consisting
of eight items.'**® The first five assess difficulty in
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sleep initiation, awakening during the night, early
morning awakening, total sleep duration, and overall
quality of sleep. The last three items pertain to the
daytime consequences of insomnia (i.e., problems
with sense of well-being, overall functioning, and
sleepiness during the day). The following two ver-
sions of the original AIS were validated: the total
version of the scale (AIS-8) and the five-item version
for nocturnal sleep problems (AIS-5). Each item of
the AIS is rated on a 4-point scale (i.e., 0=no
problem at all, 1 = slightly problematic, 2 = markedly
problematic, and 3 = extremely problematic). Re-
spondents are required to rate their subjective judg-
ment of symptom-positivity (1, 2, and 3) if they have
experienced sleep difficulties at least three times per
week during the preceding month (consistent with
the ICD-10 criteria for insomnia'®). The total score
cut-off for identifying pathological insomnia in the
original AIS version has been previously determined
as 6 points."”

PSQLJ

The PSQI-J is composed of four open-ended ques-
tions and 19 self-rated items (with a 4-point scale)
that assess subjective sleep disturbances over a
1-month period. This scale is already well validated.®
The specific domains of focus are sleep quality (C1),
sleep latency (C2), sleep duration (C3), sleep effi-
ciency (C4), other sleep disturbances (C5), medica-
tion use (C6), and daytime dysfunction (C7).8
Internal consistency for the PSQIJ is high
(x=0.77).18

Japanese version of the ISI

The Japanese version of the ISI (ISI-]), developed by
Morin et al.,'* has been used in many clinical research
studies, especially those concerning the effectiveness
of cognitive behavioral therapy. The ISI-J is a self-
rating inventory consisting of seven items. It is
designed to assess the perceived severity of insomnia
symptoms (initial, middle, terminal), the degree of
dissatisfaction regarding sleep, how sleep interference
affects daytime functioning, the noticeability of any
impairments, and the level of concern caused by
sleep problems. Each item is rated on a 5-point scale
from O to 4. The usual period for which responses are
sought covers the 2 weeks immediately before the
assessment. Internal consistency for the Japanese
version of the ISI-] is also high (0.=0.84).”°

© 2013 The Authors
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Procedure

A back-translation procedure was used to ensure
equivalence between the original English version and
the Japanese translated version. This consisted of first
translating the scale from English into Japanese and
then from Japanese back into English and finally
evaluating the level of agreement between the two
English versions (original and back-translated). Phy-
sicians, clinical psychologists, and a native speaker
with extensive knowledge of both Japanese and
English language carried out the process. No substan-
tial differences were pointed out by the author of the
original AIS'? after comparing the two English ver-
sions. Thus, the proposed Japanese version of the AIS
was confirmed to be acceptable. This study was con-
ducted after receiving the approval of the ethical
review board of the Neuropsychiatric Research Insti-
tute, Japan, and written informed consent was
obtained from all the participants.

Statistical analysis

All statistical analyses were conducted using sPss
version 19.0 for Windows (IBM, Tokyo, Japan). Fac-
torial validity for the AIS-] was evaluated using an
exploratory factor analysis utilizing a maximum
likelihood solution method with promax rotation.
Factors were determined by setting eigenvalues to be
greater than or equal to 1. Internal consistency for the
AIS-] was evaluated using Cronbach'’s alpha. Concur-
rent validity was evaluated using a correlation analy-
sis between insomnia-related scales (PSQI-J and ISI-
]). In addition, we compared differences in AIS-J
scores, including total score as well as scores for noc-
turnal symptoms and daytime dysfunction between
the total insomnia patients and the controls and
between the controls and patients with primary or
secondary insomnia by using an unpaired two-tailed
{-test Or an ANOVA.

A receiver-operator curve (ROC)*' was plotted
and the mean (95% confidence interval [CI]) area
under the curve (AUC) was used to estimate an
AIS-] cut-off score for distinguishing pathological
insomnia from a normal condition. When the
tangent line slope of the ROC (computed using
SPSS) is statistically equal to 1 (i.e., AUC = 0.5), then
the ROC curve is considered inaccurate for predic-
tion purposes. The predictive ability of a variable
was classified with reference to the AUC (excel-
lent = 0.9-1.0, good = 0.8-0.9, fair = 0.7-0.8, poor =

© 2013 The Authors
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0.6-0.7, or non-discriminative = 0.5-0.6).%* The best
cut-off value for pathological insomnia was deter-
mined on the basis of sensitivity, specificity, positive
likelihood ratio (LR+), and negative likelihood ratio
(LR-). In accordance with the authorized method, the
cut-off score was assessed as adequate when LR+ was
2.0 or higher and LR~ was 0.5 or less.?®

In the study, the significance level was set at
P<0.05.

RESULTS

Factor structure (construct validity)

The exploratory factor analysis shows that the AIS-]
consists of a two-factor structure: ‘nocturnal sleep
problem’ (AlIS-J-nocturnal, items 1-5) and ‘daytime
dysfunction’ (AIS-J-daytime, items 6-8). The correla-
tion coefficient (r) between factors was 0.62
(Table 1).

Internal consistency

Cronbach's alpha values for factor 1, factor 2 and the
total score were high (0.=0.85, 0.78, and 0.88,
respectively).

Table 1. Results of exploratory factor analysis of the
AlS-]
Factor loadings
Items Factor I Factor II
AIS-J 2: Awakenings during 0.87 -0.08
the night
AIS-J 3: Final awakening 0.85 -0.18
AIS-J 4: Total sleep 0.62 0.14
duration
AIS-J 5: Sleep quality 0.60 0.27
AIS-J 1: Sleep induction 0.33 0.28
AIS-] 7: Functioning -0.05 0.94
capacity during the day
AIS-] 6: Well-being during 0.06 0.85
the day
AIS-J 8: Sleepiness during -0.08 0.45
the day
Factor correlation I 11
I 1.00 0.62
1I 1.00
AIS-], Japanese version of the Athens Insomnia Scale.

Psychiatry and Clinical Neurosciences © 2013 Japanese Society of Psychiatry and Neurology
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Table 2. Comparison of the AIS-] between the groups

Comparison between

Control group Insomnia group the groups
Total Male Female Total Male Female
(n=163) (n=109) (n=54) (n=477) (n=244) (n=253) t-value, d.f., P-value
AlS-J-total 2.64 2.51 2.89 11.81 11.69 11.91 37.32,623, P=0.00
(2.02) (2.11) (1.83) (4.50) (4.62) (4.42)
Nocturnal 1.63 1.51 1.87 8.12 7.84 8.34 29.59,316, P =0.00
(1.42) (1.44) (1.36) (3.00) (3.05) (2.98)
Daytime 1.01 1.00 1.02 3.65 3.65 6.34 18.46,332, P=0.00
(0.87) (0.91) (0.79) (1.95) (1.89) (2.01)

Note. Values are expressed as mean (SD). AIS-J, Japanese version of the Athens Insomnia Scale.

Concurrent validity

The correlation analysis showed a significantly high
correlation between the AIS-J and the PSQI-J
(r=0.81, 95%CI: 0.78-0.84) and between the AIS-J
and the ISI-J (r=0.85, 95%CI: 0.82-0.87).

Also, we analyzed the correlation among the scales
in each of the insomnia subgroups (primary insom-
nia, depression, and anxiety disorder). It showed a
significantly medium correlation between the AIS-J
and the PSQI-J (r=0.57, 95%CI: 0.48-0.65) and
between the AIS-] and the ISI-J (r=0.58, 95%CI:
0.46-0.68) in patients with primary insomnia, but
significant correlations were not found in patients
with depression or those with anxiety disorder.

Comparison of scores between insomnia and
control groups

Means and standard deviations for the scale scores of
both the insomnia group and the control group are
presented in Table 2. There were significant differ-
ences for all the scales in terms of total score, noctur-
nal sleep problem score, and daytime dysfunction
score (Table 2). Scores for all scales were significantly
higher for the total insomnia patients than the con-
trols. In addition, the comparisons among the four
groups (controls, primary insomnia, depression, and
anxiety disorder) showed that AIS-J scores for all the
insomnia subgroups were significantly higher than
those for the controls (AIS-J-total, Fsgs0=204.80;
AlS-J-nocturnal, Fsess=195.57; and AlS-J-daytime,
Fs,633 = 85.89, respectively), and that the daytime dys-
function score was significantly higher for both the

depression and anxiety disorder groups than the
primary insomnia group (Fig. 1).

AIS-J cut-off score for distinguishing
pathological insomnia from a
normal condition

ROC analysis showed that the AUC was 0.96 (95%CTI:
0.95-0.98). The cut-off value of the AIS-] total for
insomnia (primary and secondary insomnia) was

AlS-J score

AlS-J-total AlS-J-noctumal AlS-J-daytime
Figure 1. Comparison of the Japanese version of the Athens
Insomnia Scale (AIS-J; total, nocturnal, and daytime scores)
among the subgroups.**The scores were significantly lower
for the control group than the insomnia subgroups
(P<0.05).*AIS-] daytime score was significantly higher for
both the depression and anxiety disorder groups than the
primary insomnia group (P<0.05). O, Healthy control; &,
insomnia; B, depression; B, anxiety disorder.

© 2013 The Authors
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Table 3. Cut-off point for the AIS-], estimated with receiver-operator curve

AUC (95%CI) Cut-off score Sensitivity Specificity LR+ LR-

AIS-J-total 0.96 4.5 0.95 0.87 7.02 0.06
(0.95-0.98) 5.5 0.92 0.93 13.62 0.09

6.5 0.90 0.98 36.46 0.11

AlS-J-nocturnal 0.97 2.5 0.97 0.80 4.88 0.04
(0.95-0.98) 3.5 0.93 0.94 16.73 0.07

4.5 0.89 0.97 28.82 0.11

likelihood ratio. LR—, negative likelihood ratio.

AIS-], Japanese version of the Athens Insomnia Scale; AUC, area under the curve; CI, confidence interval; LR+, positive

estimated at 5.5 points. The cut-off value had a sen-
sitivity of 92% and a specificity of 93% (Table 3).
Furthermore, the cut-off value of the AIS-J-nocturnal
was estimated at 3.5 points (Table 3). When limited
to primary insomnia, the same cut-off values were
observed (AIS-J-total: AUC=0.97, 95%CIL: 0.95-
0.99, sensitivity =0.93, specificity=0.93, LR+=
13.78, and LR~ = 0.08; AlS-J-nocturnal: AUC=0.97,
95%CI:  0.95-0.99, sensitivity=0.94, specificity =
0.94, LR+=16.88, and LR~ =0.07).

DISCUSSION

The present study aimed to develop a Japanese
version of the AIS and to examine the scale’s reliabil-
ity and validity. The results show that the AIS-]
consists of a two-factor structure (nocturnal sleep
problem and daytime dysfunction). This finding is
consistent with the concepts surrounding an insom-
nia diagnosis on ICSD-2.'® In a report by Soldatos
et al.,'* the AIS-5 was conceptually grouped into noc-
turnal sleep difficulty but factor analysis was not con-
ducted. In the present study, the five items included
in the nocturnal sleep problem’ factor were consis-
tent with those of the AIS-5.12 However, the factor
loading on sleep induction (item 1) was smaller than
that of other items and the value for the original
version, which was 0.74.12 The reason for this obser-
vation is unclear.

In addition, we confirmed that the AIS-J has a high
internal consistency (nocturnal sleep problem factor:
o =0.83, AIS-J-total: o= 0.86) similar to that of the
original scale (AIS-5: o.=0.79 and AIS-8: o.= 0.86)."
Thus, the results of this study support previous
findings that show the AIS-] has sufficient internal
consistency.

With regard to concurrent and construct validity,
the AIS-] shows a high correlation with alternative

© 2013 The Authors

authorized scales that measure insomnia symptoms.
This result is compatible with a previous report
that showed the AIS is both positively and highly
correlated with the PSQI-J (r=0.82) in an Asian
population.*

The ROC curve analysis reveals that the cut-off
AIS-] score for determining pathological insomnia
was 5.5, and this is almost the same as the cut-off
score for the original AIS." Therefore, pathological
insomnia can be diagnosed if a person scores 6
points or higher on the AIS-J. In addition, the cut-
off score of the AIS-J-nocturnal (5-item version) was
3.5, and this short version would be helpful when
conducting large-scale epidemiological surveys. The
t-test result also supports the AIS-] as having a sat-
isfactory ability to discriminate between pathologi-
cal insomnia and non-pathological sleep status.
These results suggest that the AIS-] has a high valid-
ity and that the scale is adequate for assessing
insomnia symptoms.

There are some limitations to this study. First, test-
retest reliability was not conducted for this study.
Second, all the participants were middle-aged. There-
fore, an examination of whether the same results
would be obtained from a population sample that
includes all generations is necessary. Finally, as in
previous studies,'** sample participants who were
recruited from the community did not undergo a
face-to-face assessment to clarify whether they had
concomitant sleep disorders; these participants were
merely those who had not received previous treat-
ment for sleep or psychiatric disorders and produced
normal PSQI-J scores. Nonetheless, this study shows
that the AIS-J has high validity, and as the scale is
both convenient to administer and has a high accu-
racy, the AIS-J can be expected to have high utility not
only in epidemiological research but also for clinical
evaluation.

Psychiatry and Clinical Neurosciences © 2013 Japanese Society of Psychiatry and Neurology
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The AIS-J is an adequate self-rating measure both
for diagnosing insomnia and for assessing insomnia
severity. This scale is expected to be highly useful
in a variety of clinical and research settings where
there is a requirement for sleep problems to be
quantified.
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Abstract

Purpose The SD-101 is a non-restrictive sheet-like medical
device that measures sleep-disordered breathing using pressure
sensors that can detect the gravitational alterations in the body
that accompany respiratory movement. One report has de-
scribed that the screening specificity of the SD-101 for mild
to moderate obstructive sleep apnea syndrome (OSAS) is rel-
atively low. The present study examines whether the accuracy
of the SD-101 for OSAS screening is improved by simulta-
neously measuring percutaneous oxygen saturation (SpO,).
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Methods Sixty consecutive individuals with suspected
OSAS consented to undergo overnight polysomnography
(PSG) together with simultaneous measurements of SD-
101 and SpO; at our laboratory.

Results The apnea—hypopnea index (AHI) determined from
PSG and the respiratory disturbance index determined from
SD-101 measurements significantly correlated (SD-101
alone: »=0.871, p<0.0001; SD-101 with SpO,: »=0.965,
»<0.0001). Bland—-Altman plots showed a smaller dispersion
for the SD-101 with SpO, than for the SD-101 alone. The SD-
101 with SpO, detected an AHI of >15 on PSG with a
sensitivity and specificity of 96.9 and 90.5 % compared with
87.5 and of 85.7 %, respectively, of the SD-101 alone.
Conclusions Simultaneously measuring SpO, improved the
accuracy of the SD-101 for OSAS screening. Furthermore,
this modality appears to offer high sensitivity and specificity
for detecting even moderately severe OSAS.

Keywords Obstructive sleep apnea syndrome - Oximetry -
Sheet-like monitoring device - Polysomnography - Validation

Introduction

The reported prevalence of obstructive sleep apnea syndrome
(OSAS) is 4 and 2 % among adult men and women, respec-
tively [1]. However, recent studies have shown a higher
prevalence of the disorder [2, 3], and one study found a
22.3 % prevalence of moderate to severe sleep-disordered
breathing (SDB; respiratory disturbance index [RDI]>15)
among a working population of Japanese males [4]. Since
OSAS is associated with an elevated risk of hypertension [5,
6], nocturnal arrhythmia [7], cardiovascular disease [8], and
stroke [9], early diagnosis and treatment of the disorder are
important [10]. Attended in-laboratory polysomnography
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(PSG) with subsequent manual scoring of the data is the gold
standard test for a diagnosis of OSAS. However, PSG is costly
and laborious and therefore difficult to conduct on all patients
with suspected OSAS. Consequently, as a convenient screen-
ing tool for OSAS, portable monitoring (PM) devices en-
abling the measurement of respiratory disorder variables at
home have been widely applied.

Sheet-like SD-101 is several millimeters thick and contains
162 membrane-type pressure sensors that can detect the grav-
itational alterations in the body that accompany respiratory
movements [11]. The SD-101 converts changes in pressure
distribution into waveforms and analyzes the resulting breath-
ing patterns. Unlike general PM devices, this sensor avoids the
discomfort imposed on examinees associated with attached
nasal, oral air flow or snore sensors, and chest/abdominal belts
for sensing respiratory movements. Therefore, this method has
the advantage for OSAS screening insofar as an examinee
simply sleeps on a bed sheet without physical restraint or
invasiveness. The concept of the SD-101 system is similar to
that of the static charge-sensitive bed (SCSB) [12], which is a
sheet-type diagnostic device that has been in use since the
1990s. This device can perform noninvasive ballistocardiogra-
phy and monitor heart rate and respiration by sensing micro-
movements of the body as changes in static volume on two
metal plates placed under a mattress. However, the SCSB
differs from the SD-101 in that respiratory movement is
detected from the low-frequency band of heart rate variability.

One report has suggested that the diagnostic accuracy of
the SD-101 for OSAS screening is fair, although its ability to
differentiate patients with mild to moderate OSAS from nor-
mal individuals was relatively low in that study [13]. The
original version of the SD-101 can detect only the cessation
or a decrease in respiratory movement and cannot measure the
oxygen desaturation accompanying respiratory events. There-
fore, this method might not accurately detect hypopnea events
[11, 13]. Considering this inadequacy, a newer version of the
SD-101 including oxygen saturation (SpO,) monitoring is
under development. If the accuracy of the SD-101 with
SpO, monitoring is sufficiently high, this device might be-
come an important tool for screening OSAS among elderly
imdividuals (particularly those with dementia), patients with
mental disorders, and others who cannot tolerate examinations
such as PSG or the standard PM described above, in which
sensors are directly attached to the body.

The present study compares the validity of simultaneous
SD-101 with SpO, monitoring to that of the SD-101 alone
for OSAS screening during in-laboratory PSG.

Methods

This study proceeded after obtaining approval from both the
Institutional Review Board of Neuropsychiatric Research

@ Springer

Institute and Fujita Health University. We enrolled 60 con-
secutive patients (men, 53; women, 7; age, 50.0+13.5 years;
BMI, 25.5+3.3 kg/m?) who attended the outpatient clinic of
the Japan Sommology Center or that of the Respiratory
Medicine, Department of Internal Medicine of Fujita Health
University between September 2008 and September 2009
with suspected OSAS based on information about habitual
snoring or episodes of apnea witnessed by family members.
All of them consented to the collection of simultaneous
measurements using the SD-101 with SpO, during in-
laboratory PSG. We explained the purpose of the study to
these patients, and all of them provided written informed
consent to participate. Patients who had already been treated
for OSAS, those with electrical implants such as cardiac
pacemakers who might have been at risk of electrical inter-
ference, and those whose body weight was outside the
mechanically measurable range (<15 or >200 kg) [11] were
excluded from the study.

Clinical technologists attached PSG sensors to the partic-
ipants on the evening of the examination, then allowed them
to sleep on beds with the SD-101 and simultaneously
recorded PSG and SD-101 data.

The PSG devices were either an Alice 3 or an Alice 5
(Respironics, Inc., Murrysville, PA, USA), both of which
generated electroencephalograms (C3-A2, C4-Al, O1-A2,
02-A1), left and right electrooculograpms, submental electro-
myograms, and electrocardiograms and measured nasal air-
flow using nasal pressure sensors (Alice 5) and thermistors
(Alice 3), respiratory chest/abdominal efforts using piezosen-
sors, snoring sounds, SpO,, and body position. Sleep stages
were scored manually every 30 s per epoch according to the
criteria of Rechtchaffen and Kales [14]; arousals were scored
according to the ASDA Arousal Criteria [15]. Episodes of
apnea’hypopnea were determined based on the AASM Chi-
cago criteria of a reduction in airflow amplitude of >50 %
from baseline persisting for >10 s in the presence of arousal
and/or oxygen desaturation of at least 3 % [16].

The SD-101 can detect and collect information about
respiration via 162 force-sensing resistors (FSRs) positioned
at 4-cm intervals on a bed pad [11, 13]. The FSRs comprise
a film device with a polymeric membrane in which electrical
resistance decreases with increasing force. This device can
thus measure changes in pressure [17]. The diaphragm of an
examinee lying on the sensor sheet moves while breathing
and pressure changes are recognized by the FSRs under the
person. Specifically, the lungs expand and contract, and
thoracic-specific gravity decreases and increases during as-
piration and exhalation, respectively. These physiological
changes create minor changes in pressure that are detected
by the SD-101 through the FSRs on the sensor sheet at a
sampling frequency of 10 Hz. The changes in pressure
reflected on FSRs are automatically selected and averaged
to generate a respiratory waveform after the signal noise is
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Fig. 1 Traces of 5-min data
from SD-101 system
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digitally filtered out (Fig. 1). Furthermore, the device auto-
matically detects body position by assessing the area of the
body in contact with the sheet from the pressure distribution.
Values for SpO, were simultaneously recorded with the
respiratory waveform, and SpO, data obtained by pulse
oximetry using an SX Module SX-2007 (Kenzmedico Co.
Ltd., Saitama, Japan) were retrieved as an external input and
stored on a compact flash card. The SD-101 alone can
automatically judge events of apnea or hypopnea [11].
However, during the manual scoring of respiratory events
on SD-101 with SpO, by a single technician who was
blinded to respiratory events (apnea or hypopnea), these
were defined as a >50 % decrease in respiratory effort
waveforms lasting >10 s or a >30 % decrease in respiratory
effort waveforms lasting >10 s associated with a >3 %
decrease in SpO, from the preceding baseline value.

The attending technician who performed the PSG and
SD-101 analyses was blinded to the patients’ information to
prevent bias, affecting the results. We defined the apnea—
hypopnea index (AHI) for PSGs as the total number of
apnea or hypopnea events divided by total sleep time
(TST) and the RDI from SD-101 as respiratory events
divided by time in bed (TIB), respectively, because TST
could not be estimated from the SD-101 data.

To evaluate the validity of the SD-101, we firstly calcu-
lated the correlation between RDI obtained from SD-101
and AHI obtained from PSG using Pearson’s correlation
analysis. Bland—Altman plots were then generated to assess
agreement between the PSG and SD-101 results [18]. We
also estimated the area under the receiver operating charac-
teristic (ROC) curves (AUC) with RDI on the SD-101
system [19]. We then determined the optimal RDI values

at cutoff AHI of 5 and 15 episodes per hour by calculating
the sensitivity, specificity, positive and negative predictive
values, as well as false-negative and false-positive values to
establish the screening accuracy of the SD-101. Data were
analyzed using SPSS11.5 (SPSS Japan, Inc., Tokyo, Japan);
p<0.05 was considered to indicate statistical significance.

Results

We concurrently measured PSG and SD-101 in 60 patients,
but excluded seven because SpO, data from six of them

Table 1 Demographic and polysomnographic parameters of the par-
ticipants (n=53)

Variable Value Range
Gender (male/female) 46:7
Age (years) 50.1£13.8 24-80
Body mass index (kg/m?) 253+3.4 19.6-34.2
Epworth sleepiness scale (ESS) 9.9+34 1-21
AHI (episodes per hour) 24.5+21.2 0-70.1
RDI (episodes per hour) 22.6+17.7 1.0-66.8
3 % Desaturation index 13.8+£14.5 0-50.5
(episodes per hour)
Arousal index (episodes per hour) 24.7+16.8 0.5-69.7
Time in bed (min) 501.6+29.5 453-579
Total sleep time (min) 412.8+76.9 158-527
Sleep efficiency (%) 81.7+£14.2 35.2-98.5

Continuous variables are expressed as the means+SD
AHI apnea—hypopnea index, RD/ respiratory disturbance index
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