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Hyperarousal, defined as increased levels of cortical activity and cognitive-emotional reactivity induced by
stress, is suggested to be a key factor in insomnia. In particularly, pre-sleep arousal constitutes one of the
major features of insomnia. The Pre-Sleep Arousal Scale is the best-known measure used to evaluate
pre-sleep arousal. However, a well-validated Japanese version of the scale (PSAS-J) has not yet been
established. The aim of this research was to develop and validate such a scale. A cross-sectional
questionnaire-based study was conducted via the internet. In total, 237 of 300 participants (mean age
43.28 £ 11.19 years) completely responded to the questionnaires as followed: the PSAS-J, the Insomnia
Severity Index, Ford Insomnia Response to Stress Test, and Dysfunctional Beliefs and Attitudes about
Sleep Scale. In addition, the participants were divided into two groups: insomniacs and normal sleepers.
As a result, the PSAS-J had a two-factor structure similar to that of the original version, i.e., somatic and
cognitive arousal subscales. The internal consistency (¢ = 0.85 to 0.90) and test-retest reliability (r = 0.67
to 0.78) were high. Correlations between the PSAS-J and the above-mentioned scales ranged from 0.35 to
0.53. Discriminant validity showed that the PSAS-J was distinct from the Ford Insomnia Response to
Stress Test and Dysfunctional Beliefs and Attitudes about Sleep Scale. The PSAS-J scores were
significantly higher in insomniacs than in normal sleepers. Our results suggest that the PSAS-J has high
reliability and validity and that this scale is adequate for assessing pre-sleep arousal.
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factors (Spielman and Glovinsky 1986; Spielman et al.

Introduction 1987). According to Spielman and Glovinsky (1986), pre-

Nearly 20% of the general adult population in Japan
has been reported to have symptoms related to insomnia
(Kim et al. 2000; Okajima et al. 2012). It is also known
that 5%-19% of individuals have insomnia that follows a
chronic course (Ohayon 2002; Riemann et al. 2017).
Chronic insomnia disorder is diagnosed when nocturnal
sleep problems (e.g., difficulty initial and/or maintaining
sleep) and associated daytime symptoms (e.g., fatigue and
depressive mood) occur for three months or more
(American Academy of Sleep Medicine 2014).

Spielman’s 3P model suggested that insomnia is the
end result of predisposing, precipitating, and perpetuating

disposing factors are conditions that set the stage or deter-
mine the threshold for insomnia. A weak sleep-generating
system may be a predisposing factor. A history of recurrent
depression, the predilection to stay up late and sleep late, or
a susceptibility to anxiety states may also predispose to
insomnia. Precipitating factors include stressful events.
Perpetuating factors are generally not present during the
inception of insomnia but make their appearance as a con-
sequence of coping with the problem. They include both
mental states and behavioral practices such as excessive
amounts of time spent in bed, pre-sleep arousal, and dys-
functional beliefs and attitudes about sleep (Morin and
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Espie 2004).

It has been suggested that hyperarousal may be a key
cause of insomnia (Riemann et al. 2010; Palagini et al.
2016). Hyperarousal is defined as increased levels of corti-
cal activity and cognitive-emotional reactivity (e.g., pre-
sleep rumination and worry) induced by stress (Kalmbach
et al. 2018). It is recently suggested that hyperarousal
includes a trait predisposition toward excess arousal (i.e.,
trait arousal) and pre-sleep-state-dependent hyperarousal
(i.e., state arousal; Palagini et al. 2016). Trait arousal, such
as sleep reactivity to stressful events, refers to the individ-
ual differences in predisposition toward arousal that are to
be expected when performing various tasks and in the pres-
ence of environmental stressors (Drake et al. 2004). State
arousal, such as pre-sleep arousal, is considered to be a
state-dependent construct that refers specifically to cogni-
tive and somatic hyperarousal when attempting to fall
asleep in the pre-sleep period (Riemann et al. 2010).
Puzino et al. (2019) showed that sleep reactivity is a risk
factor for increased pre-sleep cognitive and somatic arousal.

The following insomnia-related scales have been
developed: the Ford Insomnia Response to Stress Test
(FIRST), which measures predisposing trait hyperarousal,
the Pre-Sleep Arousal Scale (PSAS), which measures per-
petuating cognitive and somatic state hyperarousal, and the
Dysfunctional Beliefs and Attitudes about Sleep scale
(DBAS), which identifies a perpetuating cognitive factor.
The FIRST and DBAS have been translated into Japanese
and confirmed to have high validity and reliability
(Munezawa et al. 2009b; Nakajima et al. 2014). However,
there has been no Japanese version of the PSAS.

The PSAS is the most frequently used subjective state
arousal measurement tool (Nicassio et al. 1985) and mea-
sures the intensity of physiological/somatic and cognitive
symptoms of arousal as a subject falls asleep based on the-
ory and research on the nature of psychophysiological
arousal and related states (Nicassio et al. 1985). In a vali-
dation study, the items and subscales of the PSAS were
shown to have good reliability (a= 0.79-0.81; test-retest r =
0.72-0.76), to have high concurrent validity with anxiety
and depression scales, and to discriminate persons with
insomnia from normal sleepers (Nicassio et al. 1985).

This scale is available in Portuguese, Swedish, and
Pakistani versions (Jansson-Frojmark and Norell-Clarke
2012; Shahzadi and Ijaz 2014; Ruivo Marques et al. 2018),
all of which have been confirmed to have good reliability
and validity. However, the Swedish version takes the form
of a 13-item short version and uses explanatory factor anal-
ysis, although all original and translated versions of the
PSAS measure two factors, that is, somatic and cognitive
arousal. Therefore, the Swedish version can be used in the
general population whereas the other versions have been
used in university students or patients with insomnia.

Given the potential role of hyperarousal in chronic
insomnia, a considerable amount of research has focused on
the development and psychometric validation of measures

that assess physiological and cognitive arousal. However, a
well-validated Japanese version of this scale has not yet
been established. Furthermore, based on the 3P and hyper-
arousal models of insomnia (Spielman et al. 1987; Riemann
et al. 2010), it has been suggested that the FIRST, PSAS,
and DBAS measured different factors but this has not been
confirmed in a formal study. If these measures could be
statistically discriminated against different factors, it would
be useful for testing the assumption of the model for onset
and maintenance of insomnia.

Therefore, this research aimed to develop a Japanese
version of the PSAS and to assess its reliability and validity
by using an internal consistency, test-retest reliability and
structural, current, discriminant, and predictive validity.

Materials and Methods

The study was approved by the Ethics Committee of
Waseda University. All study participants provided
informed consent.

Study participants

The data analyzed in this study, known as the Japan
Validation of Insomnia-related scales Project (JVIP), were
collected on September 21, 2017 (time 1), and October 11,
2017 (time 2). The study participants were recruited by
Rakuten Research Inc., an online marketing research com-
pany that holds the contact details of approximately 2.3
million Japanese survey respondents. An e-mail containing
a link to an online questionnaire was randomly sent to indi-
viduals stratified by sex and age throughout Japan. The
participants ranged in age from 20 years to 65 years.
Individuals receiving pharmacological or psychological
treatment for a mental, physical, or sleep disorder were
excluded.

The study analyzed the responses to 900 of the com-
pleted JVIP questionnaires (time 1) and subsequently ana-
lyzed a further 300 completed responses (time 2).
Questionnaires were not used if data input error was sus-
pected (e.g., average total sleep time for a month was more
than 13 hours). Finally, data for 237 individuals (116 men,
121 women) of mean age 43.21 years (SD = 11.02) were
included in the analyses (Fig. 1). The mean age [SD] was
the same at times 1 and 2.

Measures

Assessment of insomnia-related symptoms: Based on
the diagnostic criteria for chronic insomnia disorders out-
lined in the ICSD-3 (American Academy of Sleep Medicine
2014), the respondents answered questions related to sleep
disturbance (difficulty initiating sleep, difficulty maintain-
ing sleep, and waking up earlier than desired) and associ-
ated daytime symptoms (fatigue, attention or concentration
impairment, daytime sleepiness, mood disturbance).
Participants responded whether sleep disturbances and
associated daytime symptoms occurred at least three times
per week and have been present for at least 3 months.
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900 Eligible subjects
in Time 1

\4

300 subjects in Time 2

Data input error
> (n=63)

\4
237 subjects

Male n =116 (49%)
Female n =121 (51%)

Fig. 1. Flowchart showing the study enrolment process.

Japanese version of the Pre-Sleep Arousal Scale: The
PSAS-J is a validated 16-item self-reported questionnaire
that assesses pre-sleep arousal. The original version of the
PSAS was constructed with two-factor somatic (i.e., physi-
ological) arousal (8 items) and cognitive arousal (8 items)
subscales. The score for each subscale is summed (range,
8-40), with higher scores indicating a state of more pre-
sleep arousal. In a validation study of the original PSAS,
the items and subscales were shown to have good reliability
(= 0.79-0.81; test-retest » = 0.72-0.76), to have high con-
current validity with anxiety and depression scales, and to
discriminate individuals with insomnia from normal sleep-
ers (Nicassio et al. 1985). This type of scale is available in
other countries and has been confirmed to have good reli-
ability and validity (Jansson-Frojmark and Norell-Clarke
2012; Shahzadi and Ijaz 2014; Ruivo Marques et al. 2018).
Moreover, the pathological cut-off values on the PSAS-
somatic and PSAS-cognitive subscales were estimated to be
> 14 and > 20, respectively (Puzino et al. 2019).

Japanese version of the Insomnia Severity Index: The
Insomnia Severity Index (ISI) is a validated 7-item self-
reported questionnaire that assesses the severity of insom-
nia. A summed score is calculated (range, 0-28), with
higher scores indicating more symptoms of insomnia
(Bastien et al. 2001). The Japanese version of this scale has
been confirmed to have high internal consistency and valid-
ity (Munezawa et al. 2009a).

Japanese version of the Ford Insomnia Response to
Stress Test: FIRST is a validated 9-item self-report ques-
tionnaire that assesses sleep reactivity to stress (i.e., hyper-

arousal caused by a stressful event). It has been suggested
that sleep reactivity is a vulnerability factor in the onset of
insomnia and depression (Drake et al. 2014). A summed
score is calculated (range, 9-36), with higher scores indicat-
ing more sleep reactivity (Drake et al. 2004). The Japanese
version of the scale has been confirmed to have high inter-
nal consistency and validity (Nakajima et al. 2014).

Dysfunctional Beliefs and Attitudes about Sleep-16:
The DBAS-16 scale is a validated 16-item self-reported
questionnaire that assesses dysfunctional beliefs and atti-
tudes about sleep. A summed score is calculated (range,
0-160), with higher scores indicating more dysfunctional
beliefs about sleep (Morin et al. 2007). The Japanese ver-
sion of the scale has been confirmed to have high internal
consistency and validity (Munezawa et al. 2009b).

Procedure

The study was conducted and reported in accordance
with the recommendations of the International Society for
Pharmacoeconomics and Outcomes Research Task Force
(Wild et al. 2005). We developed the PSAS-J after obtain-
ing permission from the first and corresponding author of
the article describing the original version of the PSAS
(Nicassio et al. 1985). A back-translation procedure was
used to ensure equivalence between the original English
version and the translated Japanese version. First, the scale
was front-translated from English into Japanese indepen-
dently by two clinical psychologists working in a sleep
clinic. Three clinical psychologists and a physician with
expertise in sleep research and sleep medicine then con-
firmed the suitability of the translation in Japanese. A ten-
tative version of the scale was completed. Second, the scale
was back-translated from Japanese into English indepen-
dently by two native speakers of both Japanese and English.
Two back-translations were reviewed and confirmed to be
acceptable by the original author.

Statistical analysis

Descriptive statistics were computed by using R statis-
tical software version 3.6.3 (R Project for Statistical
Computing, Vienna, Austria). To account for cultural dif-
ferences, the structural validity of the PSAS-J was evalu-
ated by exploratory factor analysis (EFA) utilizing a maxi-
mum likelihood solution method with promax rotation.
Factors were determined by setting eigenvalues to > 1 and
the shape of the scree plot. In addition, confirmatory factor
analysis (CFA) was performed to evaluate the goodness of
fit of the model. We conducted CFA using the “lavaan”
package (Rosseel 2012) and evaluated the following fit
indices: chi-square (x*), Adjusted Goodness of Fit Index
(AGFI), Comparative Fit Index (CFI), Standardized Root
Mean Square Residual (SRMR), and Root Mean Square
Error of Approximation (RMSEA). These were absolute fit
indices, and it is suggested that at a minimum these indices
should be reported (Hooper et al. 2008; Kline 2015).
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A good model fit of > would provide an insignificant
result at a 0.05 threshold. However, when large samples
are used, the ) statistic is in essence a statistical signifi-
cance test that is sensitive to sample size, meaning that the
7 statistic nearly always rejects the model (Hooper et al.
2008). AGFI and CFI can range between 0 and 1, and the
closer the values is to 1, the better the model fits. When the
SRMR and RMSEA values are < 0.08, the indices indicate
that the model fits well (Hooper et al. 2008; Kline 2015).

The internal consistency for each subscale of the
PSAS-J was evaluated using Cronbach’s alpha. The test-
retest reliability of each subscale between time 1 and time 2
was evaluated using the intraclass correlation coefficient
(ICC). An ICC of < 0.5 indicates poor reliability, an ICC of
0.5-0.75 indicates moderate reliability, an ICC of 0.75-0.9
indicates good reliability, and an ICC of > 0.90 indicates
excellent reliability (Koo and Li 2016).

Concurrent validity was evaluated by correlation anal-
ysis of the PSAS-J with the ISI, FIRST, and DBAS.
Furthermore, predictive validity was evaluated by multiple
regression analysis with the ISI score at time 2 as a depen-
dent variable and the PSAS-J subscales (somatic and cogni-
tive) at time 1 as independent variables. Discriminant
validity was assessed in an exploratory factor analysis of all
items on the PSAS-J, FIRST, and DBAS simultaneously
and whether they converged to each scale.

We also compared differences in the PSAS-J scores,
including the somatic and cognitive arousal subscale scores,
between the insomnia group and the normal sleeper group
using the unpaired two-tailed #-test. Participants who
responded that sleep disturbances and associated daytime
symptoms occurred at least three times per week and have
been present for at least 3 months were classified as the
insomnia group and the others as the normal sleeper group.
We estimated the effect sizes of scales within and between
groups using Hedges’ g. In general, an absolute g value of
> 0.2 indicates a small effect size whereas a value around
0.5 indicates a moderate effect size, and a value > 0.8 indi-
cates a large effect size (Cohen 1988).

Furthermore, we used the pathological cut-off values
for the PSAS-somatic subscale (> 14) and the cognitive
subscale (> 20) to compare differences in the ISI scores
between the high pre-sleep arousal group and the low pre-
sleep arousal group (Puzino et al. 2019). The data were
compared using an unpaired two-tailed #-test.

Results

Demographic characteristics

The demographic characteristics (age, sex, and occu-
pation of participants) and descriptive statistics for all mea-
surements (PSAS-J, ISI, FIRST, and DBAS-16) at times 1
and 2 are presented in Table 1. The most common occupa-
tion of the respondents was workers (57%), followed by
home keepers (18%), part-time jobs (14%), unemployed
(6%), and students (2%; Table 1).

Structural validity

Table 2 shows a result of EFA utilizing a maximum
likelihood solution method with promax rotation. EFA
showed that the PSAS-J has the same two-factor structure
as that of the original PSAS: “somatic arousal” (PSAS-J-
somatic, items 1-8) and “cognitive arousal” (PSAS-J-
cognitive, items 9-16). Factor loadings for both factors
were generally good. The correlation coefficient ()
between these factors was 0.72 (Table 2). In addition, CFA
showed that the two-factor model had a relatively good fit
(/103 = 289.34, p < 0.001, AGFI = 0.824, CFI = 0.909,
SRMR = 0.067, RMSEA = 0.087).

Reliability

Cronbach’s alpha values for factor 1 (PSAS-J-somatic)
and factor 2 (PSAS-J-cognitive) were high (a [95% CI] =
0.85 [0.82,0.88] and 0.90 [0.89,0.92], respectively). The
ICC values for each factor were also moderate to good (ICC
=0.67[0.60, 0.74] and 0.78 [0.74, 0.84], respectively).

Concurrent, discriminant, and predictive validities

The correlation analysis showed a significant positive
correlation (r) between the PSAS-J-somatic subscale and
the ISI (r [95% CI] = 0.43 [0.32, 0.53]), FIRST (r = 0.38
[0.27, 0.49]), and DBAS-16 (r = 0.35 [0.24, 0.46]) (all p <

Table 1. Demographic characteristics and descriptive
statistics of all measures.

Time 1 Time 2

Age (years), mean (SD)'
Sex (M/F), n (%)

43.28 (11.19)
M =116 (49), F = 121 (51)

Occupation
Workers, n (%) 136 (57)
Students, n (%) 4(2)
Home keepers, n (%) 43 (18)
Part-time job, n (%) 34 (14)
Unemployed, n (%) 15 (6)
Others, n (%) 5(2)

Measures
ISI, mean (SD) 7.86 (5.12) 8.08 (5.31)
PSAS-J-som, mean (SD) 14.19 (5.48) 14.82 (6.25)
PSAS-J-cog, mean (SD) 17.45 (6.85) 17.53 (7.45)
FIRST, mean (SD) 21.13 (5.66) 21.10 (6.02)
DBAS-16, mean (SD) 66.78 (25.24)  66.76 (28.23)

The data indicates characteristics of the participants and
descriptive statistics of all measures at baseline (time 1) and
after 3 weeks (time 2).

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; F,
female; FIRST, Ford Insomnia Response to Stress Test; ISI,
Insomnia Severity Index; M, male; n, number of participants;
PSAS-cog, cognitive subscale of the Pre-Sleep Arousal
Scale; PSAS-som, somatic subscale of the Pre-Sleep
Arousal Scale; SD, standard deviation; %, percent of total
participants.

'The mean age (SD) was the same at times 1 and 2.
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Table 2. Results of exploratory factor analysis of the PSAS-J.

Items Contents

Factor loadings'

PSAS-cog PSAS-som
Factor 1: Cognitive arousal
13. Being mentally alert, active 0.94 -0.12
12. Worry about problems other than sleep 0.93 —0.08
15. Thoughts keep racing through your head 0.91 -0.12
10. Review or ponder events of the day 0.91 -0.14
14. Can’t shut off your thoughts 0.64 0.18
11. Depressing or anxious thoughts 0.62 0.00
9. Worry about falling asleep 0.45 0.26
16. Being distracted by sounds, noise in the environment 0.37 0.19
Factor 2: Somatic arousal
2. A jittery, nervous feeling in your body —-0.16 0.97
4. A tight, tense feeling in your muscles —0.13 0.88
3. Shortness of breath or labored breathing —0.14 0.87
1. Heating racing, pounding, or beating irregularly -0.05 0.72
6. Have stomach upset 0.12 0.47
7. Perspiration in the palms of your hands or other parts of your body 0.18 0.45
8. Dry feeling in your mouth or throat. 0.21 0.44
5. Cold feeling in your hands, feet or your body 0.13 0.38
Factor Correlation () PSAS-cog PSAS-som
PSAS-cog 1.00 0.72
PSAS-som 1.00

The data indicates the results of exploratory factor analysis utilizing a maximum likelihood solution

method with promax rotation.

PSAS-cog, cognitive subscale of the Pre-Sleep Arousal Scale; PSAS-som, somatic subscale of the Pre-

Sleep Arousal Scale.

'The numbers in bold represent the factor loadings for each item in each factor.

0.001) and between the PSAS-J-cognitive subscale and the
ISI (» = 0.52 [0.42, 0.61]), FIRST (» = 0.53 [0.43, 0.61]),
and DBAS-16 (r=0.44 [0.33, 0.53]) (all p <0.001).

EFA on all the items of the PSAS-J, FIRST, and DBAS
showed a three-factor structure, namely, PSAS-J (factor
loadings: 0.47-0.78), FIRST (factor loadings: 0.22-0.89),
and DBAS (factor loadings: 0.41-0.77).

The multiple regression analysis showed that the sub-
scales of the PSAS-J at time 1 were significantly associated
with aggravation of symptoms of insomnia at time 2
(somatic: B = 0.16, p = 0.03, and cognitive: B = 0.30, p <
0.001; adj. R*=0.25, p <0.001).

Hypothesis testing: Comparison of all scales between
groups

The means and standard deviations for the scale scores
in the insomnia group (n = 48) and the normal sleeper
group (n = 126) are presented in Table 3. The results of
t-tests showed that total scores for all scales were signifi-
cantly higher in the insomnia group than in the normal
sleeper group (p < 0.001). The effect sizes were large for

PSAS-J-somatic (Mean score [SD]: 16.92 [6.52] vs. 12.87
[4.39]; g [95% CI] = 0.80 [0.45-1.14]), PSAS-J-cognitive
(Mean score [SD]: 22.46 [7.36] vs. 15.13 [5.42]; g = 1.22
[0.86-1.58]), and ISI (Mean score [SD]: 13.38 [5.03] vs.
5.33 [3.72]; g = 1.95 [1.55-2.34]) but moderate for FIRST
(Mean score [SD]: 23.58 [6.52] vs. 20.02 [5.07]; g = 0.65
[0.31-0.99]), and DBAS-16 (Mean score [SD]: 81.73
[24.49] vs. 64.80 [24.85]; g = 0.68 [0.34-1.02]).

Furthermore, the ISI scores were significantly greater
in the high pre-sleep somatic arousal group (> 14 for PSAS-
somatic subscale; n = 114, mean score [SD] = 9.38[5.42])
than in the low pre-sleep somatic arousal group (< 14; n =
123, mean score [SD] = 6.45[4.40]; #217) = —4.55, p <
0.001). Similarly, the ISI scores were significantly greater
in the high pre-sleep cognitive arousal group (> 20 for
PSAS-cognitive subscale; n = 81, mean score [SD] =
10.49[5.53]) than in the low pre-sleep cognitive arousal
group (< 20; n = 156, mean score [SD] = 6.49[4.31]; #(131)
=-5.68, p<0.001).
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Table 3. Comparison of all scales between the two study groups.

Normal sleepers

Insomnia (n = 48),

bl 1
Measures (n = 126), mean (SD) mean (SD) t value[df] Hedges’ g [95% CI]
PSAS-J-som 12.87 (4.39) 16.92 (6.52) 3.97[63]" 0.80 [0.45-1.14]
PSAS-J-cog 15.13 (5.42) 22.46 (7.36) 6.28 [67]™" 1.22 [0.86-1.58]
ISI 5.33(3.72) 13.38 (5.03) 10.09 [67]" 1.95 [1.55-2.34]
FIRST 20.02 (5.07) 23.58 (6.52) 3.49 (7117 0.65[0.31-0.99]
DBAS-16 64.80 (24.85) 81.73 (24.49) 4.06 [86]™" 0.68 [0.34-1.02]

The data indicates mean score and SD of all measures in each group, the result of #-test, and effect sizes between groups for each scale.
CI, confidence interval, DBAS, Dysfunctional Beliefs and Attitudes about Sleep; df, degree of freedom; FIRST, Ford Insomnia
Response to Stress Test; ISI, Insomnia Severity Index; n, number of participants; PSAS-cog, cognitive subscale of the Pre-Sleep
Arousal Scale; PSAS-som, somatic subscale of the Pre-Sleep Arousal Scale; SD, standard deviation.

** p<0.001.

'Hedges’ g indicates that an absolute g value of > 0.2 indicates a small effect size whereas a value around 0.5 indicates a moderate
effect size, and a value > 0.8 indicates a large effect size (Cohen 1988).

Discussion

This research aimed to develop a Japanese version of
the PSAS and to examine its reliability and validity. The
results show that the PSAS-J has a two-factor structure
(somatic and cognitive arousal), which is consistent with
that of the original PSAS (Nicassio et al. 1985). We also
confirmed that the PSAS-J has high internal consistency
(somatic factor: a = 0.85, cognitive factor: a = 0.90) and
good test-retest reliability (somatic factor: ICC = 0.67, cog-
nitive factor: ICC = (.78) similar to that of the original
scale (somatic: a = 0.79 to 84, ICC =0.76 and cognitive: a
= 0.67 to 0.88, ICC =0.72) (Nicassio et al. 1985).
Therefore, the results of this study are consistent with those
of a previous study of the PSAS (Nicassio et al. 1985;
Ruivo Marques et al. 2018).

With regard to concurrent, predictive, and discriminant
validity, the PSAS-J showed a significant positive correla-
tion with the insomnia-related scales. The PSAS-somatic
and PSAS-cognitive subscales showed a moderate to large
correlation with the insomnia-related measures (» = 0.35-
0.53), similar to that found with the original scale (Puzino
et al. 2019, 2020). Moreover, as pointed out in previous
studies (e.g., Schwartz and Carney 2012), a higher PSAS
score predicted subsequent worsening of symptoms of
insomnia. Moreover, this is the first time that finding that
revealed to be a distinctively different concept for PSAS-J,
FIRST, and DBAS.

Of note is that despite the moderate to large correlation
between scales, it is possible to distinguish the PSAS-J
from other scales. Both the PSAS (i.e., state arousal) as a
perpetuating component and FIRST (i.e., trait arousal) as a
predisposing component measure arousal status (Riemann
et al. 2010; Palagini et al. 2016), while both the PSAS and
the DBAS-16 measured the perpetuating cognitive compo-
nent (Morin and Espie 2004). Sleep reactivity measured by
FIRST is a vulnerability factor in the onset of insomnia and
depression (Drake et al. 2014). A high FIRST score pre-
dicts a high PSAS-cognitive score in patients with insomnia

(f = 0.29) (Puzino et al. 2020) and high cognitive and
somatic arousal scores in young adults (f = 0.17 and g =
0.12, respectively) (Puzino et al. 2019).

Therefore, sleep reactivity might involve trait hyper-
arousal as a predisposing factor and pre-sleep arousal may
be a perpetuating factor at the time of onset of insomnia.
Although there have been a number of treatment outcome
studies on cognitive behavioral therapy for insomnia (Morin
et al. 1999), few have investigated the mechanism underly-
ing the improvement in insomnia in individuals treated with
this method (Morin et al. 2002; Jansson-Frojmark and
Linton 2008). Future research should examine the differ-
ences in the effect of the two hyperarousal measures on the
onset, maintenance, and recurrence of insomnia and
whether or not improvement in insomnia is mediated by a
reduction in pre-sleep arousal, sleep reactivity, or sleep-
related dysfunctional beliefs using pharmacological and
non-pharmacological (i.e., CBT-I) strategies.

The result of our comparison of PSAS-J between peo-
ple with and without insomnia indicates that the PSAS-J
can discriminate between a pathological and non-pathologi-
cal pre-sleep arousal status. Moreover, the pathological
cut-offs on the original PSAS subscales suggested previ-
ously (Puzino et al. 2019) can be used in the PSAS-J. This
finding is consistent with both the theory and the evidence
for the hyperarousal model of insomnia (Riemann et al.
2010). Our results suggest that the PSAS-J has high reli-
ability and validity and that the scale is adequate for assess-
ing pre-sleep arousal.

There are some limitations to this study. First, the
study participants might not be representative of the general
population in Japan because the study was conducted as an
internet-based survey. Second, the participants were mid-
dle-aged. Third, it is not clear whether the participants in
the insomnia group would be diagnosed with chronic
insomnia disorder by a physician, although they were clas-
sified based on a criterion for insomnia on the ICSD-3
(American Academy of Sleep Medicine 2014). Therefore,
further research is needed to determine whether the same
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results would be obtained in a population sample that
includes all age groups and in patients with insomnia.
Finally, we did not examine the relationship between anxi-
ety, depression, and pre-sleep arousal. This would be nec-
essary in the future, given the reported association of trait
and state arousal with symptoms of anxiety and depression
(Palagini et al. 2016).

In the future, research that includes new psychometrics
(e.g., item response theory) may help to refine the PSAS-J
now that it has been confirmed to have high reliability and
validity.
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