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Abstract
The aims of this study were to explore the influence of shift working nursing profession-
als’ psychological inflexibility on their level of insomnia. Additionally, we investigated the 
mediation effect of depression and sleep-related cognitions on this association. An online 
survey was conducted among 202 nursing professionals at Asan Medical Center from 
July to August, 2023. Participants responded to questionnaires including the Insomnia 
Severity Index (ISI), Acceptance and Action Questionnaire-II (AAQ-II), Dysfunctional 
Beliefs and Attitudes about Sleep − 16 (DBAS-16), Glasgow Sleep Effort Scale (GSES), 
Patient Health Questionnaire-9 items (PHQ-9), and the Discrepancy between desired time 
in bed and desired total sleep time index (DBST index). Pearson’s correlation and linear 
regression were performed to explore the factors predicting ISI scores. Mediation analy-
sis was implemented. Linear regression revealed that insomnia severity was predicted by 
DBAS-16 (β = 0.15, p = 0.008), GSES (β = 0.48, p < 0.001), and PHQ-9 (β = 0.26, p < 0.001). 
Mediation analysis showed that the relationship between the psychological inflexibility of 
shift-working nursing professionals’ and insomnia severity was fully mediated by depres-
sion, dysfunctional beliefs about sleep, and sleep effort. Psychological inflexibility does 
not directly influence insomnia severity, but depression, dysfunctional beliefs about sleep, 
and sleep effort fully mediate the relationship.

Keywords Insomnia · Sleep · Dysfunctional beliefs · Psychological inflexibility · Shift 
worker

Introduction

Shift work is essential to the nursing profession, which requires continuous care of patients 
for 24 h. Shift work can cause psychological problems in nurses, such as anxiety, stress, 
and depression, as well as physiological problems, including biochemical changes [1]. In 
addition, it is a risk factor for sleep disorders, metabolic disorders, diabetes, cardiovascular 
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disorders [2], and breast cancer [3], and can also reduce the quality of work [4]. Depression 
and anxiety were found in 58.82% and 62.08% of shift-working nurses, and in particular, 
psychological stress and fatigue during night shifts were reported to worsen symptoms of 
depression and anxiety [5]. A meta-analysis also found a statistically significant relationship 
between night work and depression in nurses [6].

Shift-working nurses face challenges that can significantly impact their psychological 
well-being [5, 7]. Mindfulness-based interventions have been reported to effectively reduce 
nurses’ psychological distress, stress, depression, and burnout and improve their psycho-
logical well-being [8]. Mindfulness is also an integral component of Acceptance and Com-
mitment Therapy (ACT), which emphasizes the role of psychological inflexibility in the 
development of psychopathology.

ACT emphasizes psychological inflexibility as a key mechanism causing psychopa-
thology [9, 10]. Psychological inflexibility manifests as rigid psychological responses 
that hinder the effective coordination of behavior in alignment with an individual’s situ-
ational context and values. It mediates the relationship between dysfunctional cognition 
and negative behavioral and emotional outcomes [11]. It has been studied as a vulnerable 
factor, indicating it increases susceptibility to stress and negative emotional outcomes such 
as insomnia, depressive disorder, and post-traumatic stress disorder [12]. In a previous 
study, nurses experiencing mental fatigue exhibited heightened psychological inflexibility 
[13]. Notably, psychological inflexibility mediated the relationship between nurses’ mental 
fatigue and negative emotions [13, 14]. Nurses with psychological inflexibility may encoun-
ter challenges in effectively managing stressors, meeting work demands, and navigating 
personal difficulties [15].

There is a notable emphasis on the role of cognitive processes in the development and 
maintenance of insomnia disorders. These processes involve how we interpret sleep, includ-
ing dysfunctional beliefs [16] and secondary arousals related to sleep [17]. For instance, 
examples of these processes include excessive worry about the consequences of sleep depri-
vation, catastrophic thoughts about the effects of insomnia, and unrealistic expectations 
about the amount of sleep needed. Greater psychological inflexibility is correlated with 
higher sleep difficulty [18], highlighting the interconnectedness of cognitive processes and 
insomnia. However, those associations have not been observed well among shift workers.

In this study, we investigated whether psychological inflexibility in shift-working nurses 
psychological inflexibility influences their insomnia severity and if depression and sleep-
related cognition mediate the relationship. We posited that (1) psychological inflexibility 
in shift-working nurses would be positively associated with insomnia severity; (2) depres-
sion would mediate the relationship between psychological flexibility and insomnia; and (3) 
sleep-related cognition would mediate the relationship between psychological inflexibility 
and insomnia.

Methods

Participants and Procedure

We conducted an anonymous online survey among nurses who worked rotating (e.g., day, 
evening, and night shifts) or fixed shifts of varying durations, such as 8-hour or 12-hour 
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shifts in the wards or intensive care units at Asan Medical Center from July 26 to August 
17, 2023. Nurses who were interested in participating in the survey were able to access the 
enrollment link posted on the intranet advertisement. They were provided a reward of a 
5-dollar gift coupon for participation. Via the survey form, we collected participants’ demo-
graphic information (age, sex, total years of employment as a nursing professional, and 
marital status) and information about their place of work (wards), past psychiatric history, 
and current psychiatric distress. A total of 212 participants completed the survey, and we 
finally analyzed 202 responses after excluding 10 responses completed by doctors or other 
healthcare workers. The Institutional Review Board of Asan Medical Center approved the 
study protocol (2023 − 0858). Written informed consent paper was not given to participants, 
but they could voluntarily participate in the survey after checking “agree” to the agreement 
question with the information on this study.

Measures

Insomnia Severity Index (ISI)

The ISI is a self-reported rating scale developed to assess insomnia severity [19]. It consists 
of seven items that can be scored on a Likert scale (0–4), and a higher total score indicates 
a more severe degree of insomnia. In this study, the ISI was used to measure the severity of 
insomnia as the primary variable. We utilized the validated Korean version of the scale [20]. 
TheCronbach’s alpha for this sample was 0.833.

Acceptance and Action Questionnaire-II (AAQ-II)

The AAQ-II is a revised version of the AAQ that can measure experiential avoidance and 
psychological inflexibility. The AAQ-II includes 10 items that can be scored on a Likert-
type scale (1-never true to 7-always true). It can be applied as a 7-item or 10-item version. 
In this study, we applied the 10-item version of the AAQ-II. Three items need to be reversely 
scored (items 1, 6, and 10), and the total score of the AAQ-II was used to measure psycho-
logical inflexibility as the key variable. The validated Korean version of the AAQ-II [21] 
was applied, and Cronbach’s alpha for this sample was 0.838.

Dysfunctional Beliefs and Attitudes about Sleep-16 (DBAS-16)

The DBAS-16 is a self-report rating scale developed to measure one’s sleep-related dys-
functional beliefs [22]. It consists of 16 items that can be scored from 0 to 10, and the 
average score of all items indicates the degree of dysfunctional beliefs about sleep. For the 
purposes of this study, the DBAS-16 was used to assess dysfunctional beliefs about sleep, 
with higher mean scores indicating a greater degree of dysfunctional beliefs and attitudes 
about sleep. We utilized the validated Korean version of the scale [23], and Cronbach’s 
alpha for this sample was 0.898.
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Glasgow Sleep Effort Scale (GSES)

The GSES is a self-report rating scale developed to measure one’s present state of sleep 
effort [24]. It contains seven items that can be scored on a 3-point Likert scale including not 
at all (0), to some extent (1), and very much (2). A higher total score indicates a greater effort 
to sleep. In this study, the GSES was utilized to assess the level of sleep effort. We used the 
validated Korean version of the scale [25]. The Cronbach’s alpha for this sample was 0.826.

Patient Health Questionnaire (PHQ-9)

The PHQ-9 is a self-report rating scale developed to assess the severity of depression [26]. 
It consists of nine items that can be scored on a Likert scale (0-not at all to 3-nearly every 
day), and a higher total score indicates a more severe degree of depression. In this study, the 
PHQ-9 was used to evaluate the severity of depressive symptoms. We utilized the validated 
Korean version of the scale [27]. The Cronbach’s alpha for this sample was 0.814.

Discrepancy between Desired Time in Bed and Desired Total Sleep Time (DBST Index)

The DBST index is derived by determining the discrepancy between a patient’s desired 
Total Sleep Time (dTST) and their desired Time In Bed (dTIB) [28]. During clinical assess-
ments, clinicians inquire about the patient’s sleep preferences by asking two key questions: 
“For how many hours would you like to sleep each day? (dTST)” and “From what time to 
what time do you prefer to sleep? (dTIB).” The estimation of dTST involves averaging the 
patient’s responses. For instance, if a patient states, “I want to sleep for 6 or 7 h,” the dTST 
is computed as 6.5 h. The determination of dTIB is based on the indicated time duration for 
being in bed. For example, if a patient specifies, “I want to sleep from 10:00 PM to 6:00 
AM,” the dTIB is calculated as 8 h. The DBST index is then computed by subtracting the 
desired hours of TST from the desired hours of TIB. In this study, the DBST index was used 
to assess the discrepancy between the desired sleep duration and the desired time spent in 
bed.

Statistical Analysis

The demographic variables and rating scale scores are presented with descriptive statistics 
as mean ± standard deviation. The level of significance was set at p < 0.05 for two-tailed 
tests. Continuous variables were analyzed using Student’s t-test, while categorical variables 
were assessed using the Chi-square test. Correlation analyses employed Pearson’s correla-
tion analysis. To examine clinical variables predicting the ISI score, linear regression analy-
sis was conducted, adjusting for rating scale scores correlated with the ISI. Furthermore, 
to investigate whether psychological inflexibility directly influences insomnia severity and 
psychological factors mediate this relationship, we employed the bootstrap method with 
2,000 resamples for mediation analysis. In these analysis, we controlled demographic vari-
ables to account for their potential confounding effects. Statistical analysis was performed 
using SPSS version 21.0 and AMOS version 27 for Windows (IBM Corp., Armonk, NY, 
USA), as well as JASP (JASP teams, Amsterdam, Netherlands).
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Results

A total of 202 shift-working nurses participated in this survey (Table 1). Their mean age 
was 31.6 ± 17.9 years, mean years of employment was 7.4 ± 6.1 years, 194 (96.0%) were 
female, and 143 (70.8%) were not married. In addition, 17.3% responded that they have a 
past psychiatric history, and 5.9% responded that they are currently experiencing psychiatric 
distress. All participants were shift workers.

Insomnia severity, as measured using the ISI was significantly correlated with psycho-
logical inflexibility (measured by the AAQ-II; r = 0.34, p < 0.01), dysfunctional beliefs about 
sleep (measured by the DBAS-16; r = 0.51, p < 0.01), sleep effort (measured by the GSES; 
r = 0.68, p < 0.01), and depressive symptoms (measured by the PHQ-9; r = 0.58, p < 0.01, 
Table 2). The discrepancy between desired sleep duration and desired time in bed (DBST 
index) was not significantly correlated with insomnia severity (ISI). The psychological 
inflexibility score (AAQ-II) was significantly correlated with dysfunctional beliefs about 
sleep (DBAS-16; r = 0.36, p < 0.01), sleep effort (GSES; r = 0.35, p < 0.01), and depressive 
symptoms (PHQ-9; r = 0.39, p < 0.01).

Linear regression analysis using the enter method was performed to explore variables 
that could predict the insomnia severity. Dysfunctional beliefs about sleep (DBAS-16; 
β = 0.139, p = 0.017), sleep effort (GSES; β = 0.440, p < 0.001), and depressive symptoms 

Table 1 Clinical characteristics of the participants (n = 202)
Variable n = 202

Mean ± SD, n (%)
Female, n (%) 194 (96.0%)
Age (years) 31.6 ± 17.9
Years of employment (years) 7.4 ± 6.1
Marital status
 Single 143 (70.8%)
 Married, without children 25 (12.4%)
 Married, with children 34 (16.8%)
Engaged in shift work (yes) 202 (100.0%)
Working place
 Ward - internal medicine 108 (53.5%)
 Ward - surgical 47 (23.3%)
 Ward - pediatric 14 (6.9%)
 ICU - internal medicine 21 (10.4%)
 ICU - surgical 9 (4.5%)
 ICU - pediatric 3 (1.5%)
Past psychiatric history (yes) 35 (17.3%)
Current psychiatric distress (yes) 12 (5.9%)
The rating scales
 Insomnia Severity Index (ISI) 8.7 ± 4.9
 Acceptance and Action Questionnaire-II (AAQ-II) 29.2 ± 6.4
 Dysfunctional Beliefs about Sleep scale-16 items (DBAS-16) 4.6 ± 1.6
 Glasgow Sleep Effort Scale (GSES) 4.9 ± 3.3
 Patient Health Questionnaire-9 (PHQ-9) 4.6 ± 3.7
 Discrepancy between desired time in bed and desired total sleep time (DBST index) 0.5 ± 1.0
ICU: Intensive Care Unit
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(PHQ-9; β = 0.145, p = 0.029, Table 3) were statistically significant. Demographic variables 
were included in the model but were not statistically significant. Mediation analysis was 
conducted to explore the relationship between shift-working nurses’ psychological inflex-
ibility and insomnia severity, and the mediating effect of depression and sleep-related 
cognitions. It showed that psychological inflexibility does not directly influence insomnia 
severity. However, the relationship was fully mediated by depression, dysfunctional beliefs 
about sleep, and sleep effort (Table 4; Fig. 1).

Discussion

In this study, we observed that psychological inflexibility in shift-working nurses was corre-
lated with insomnia severity. However, the effect of psychological inflexibility on insomnia 
was not direct. Mediation analysis results indicated that depression, dysfunctional beliefs 
about sleep, and sleep effort fully mediated the relationship between psychological inflex-
ibility and insomnia severity, rather than psychological inflexibility directly influencing 
insomnia severity.

Table 2 Pearson correlation coefficients of the variables in all participants (n = 202)
Variables Years of employment ISI AAQ-II DBAS-16 GSES PHQ-9
ISI 0.08
AAQ-II 0.06 0.34**
DBAS-16 0.09 0.51** 0.36**
GSES -0.06 0.68** 0.25** 0.47**
PHQ-9 0.12 0.58** 0.39** 0.41** 0.47**
DBST index -0.01 0.01 0.10 0.03 0.01 0.06
ISI: Insomnia Severity Index; AAQ-II: Acceptance and Action Questionnaire-II; DBAS-16: Dysfunctional 
Beliefs and Attitudes about Sleep-16 items; GSES: Glasgow Sleep Effort Scale; PHQ-9: Patient Health 
Questionnaire-9 items; DBST index: Discrepancy between desired time in bed and desired total sleep time
**p < 0.01; *p < 0.05

Table 3 Linear regression analysis of expected insomnia severity among shift-working nursing professionals
Dependent Variables Included parameters β p-value Adjusted R2 F, p-value
ISI Years of employment 0.04 0.494 0.58 F = 28.2

p < 0.001Sex (Male vs. Female) 0.003 0.946
Marital status (Single vs. Married) 0.013 0.816
Past psychiatric history (Yes vs. No) 0.093 0.102
Current psychiatric distress (Yes vs. No) 0.085 0.118
AAQ-II 0.084 0.169
DBAS-16 0.139 0.017
GSES 0.440 < 0.001
PHQ-9 0.145 0.029
DBST index -0.018 0.704

ISI: Insomnia Severity Index; AAQ-II: Acceptance and Action Questionnaire-II; DBAS-16: Dysfunctional 
Beliefs and Attitudes about Sleep-16 items; GSES: Glasgow Sleep Effort Scale; PHQ-9: Patient Health 
Questionnaire-9 items; DBST index: Discrepancy between desired time in bed and desired total sleep time
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In this study, psychological inflexibility was correlated with insomnia among nurses in 
accordance with previous studies [17, 29]. As expected, higher psychological inflexibility 
was significantly correlated with higher symptoms of depression and insomnia. Previous 
studies have shown this correlation to have a medium-to-large effect size. Additionally, in a 
structural equation modeling study, psychological inflexibility was linked with insomnia via 
depressive symptoms and was associated with higher levels of sleep disturbance, even after 
controlling for the influence of depressive symptoms. These findings may help motivate cli-
nicians to use ACT for insomnia. A recent review study [30] has shown the high prevalence 
of insomnia in shift workers ranges from 12.8 to 76.4%. This highlights the significant need 
for effective interventions in this population. ACT has shown efficacy in treating insomnia 

Table 4 Results of the mediation analysis
Effect Standardized Z-Value p 95% CI

Estimator
Direct effect:
Inflexibility → Insomnia 0.06 1.11 0.267 -0.2
Indirect effect:
Inflexibility → Depression → Insomnia 0.11 4.18 < 0.001 0.06–0.16
Inflexibility → Dysfunctional beliefs about sleep → 
Insomnia

0.06 2.82 0.005 0.02–0.10

Inflexibility → Sleep effort → Insomnia 0.12 3.16 0.002 0.05–0.19
Path coefficients
Inflexibility → Depression 0.39 6.19 < 0.001 0.27–0.51
Depression → Insomnia 0.27 4.72 < 0.001 0.16–0.38
Inflexibility → Dysfunctional beliefs about sleep 0.36 5.86 < 0.001 0.24–0.48
Dysfunctional beliefs about sleep → Insomnia 0.16 3.08 0.002 0.06–0.26
Inflexibility → Sleep effort 0.25 3.71 < 0.001 0.12–0.39
Sleep effort → Insomnia 0.47 7.07 < 0.001 0.34–0.59
Total effect:
Inflexibility → insomnia 0.34 4.69 < 0.001 0.20 to 

0.48
CI: confidence interval

Fig. 1 Mediation model showing the effect of psychological inflexibility (independent variable) on in-
somnia (outcome), mediated by depression, dysfunctional beliefs about sleep, and sleep effort (media-
tors). Numbers next to the arrows represent standardized estimates. p < 0.01
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in the general population, suggesting that ACT can be used as an appropriate treatment 
method for insomnia in shift workers.

Sleep-related cognitions were also correlated with psychological inflexibility. According 
to existing studies [31, 32], using ACT to treat insomnia resulted in good treatment effects 
on dysfunctional beliefs related to sleep. Zakiei et al. [31] reported significant improvements 
in sleep-related cognitions, while El Rafihi-Ferreira et al. [32] observed positive changes in 
these cognitions, despite the lack of noticeable clinical effects. However, the association 
between psychological inflexibility and dysfunctional beliefs about sleep has not been well 
studied. We speculate that psychological inflexibility and the inability or difficulty in adapt-
ing one’s behavior in response to situational demands can result in rigid thinking patterns 
or maladaptive behaviors that interfere with a person’s ability to adjust to changes in their 
sleep patterns or address sleep-related issues. Furthermore, this association has not previ-
ously studied among shift workers.

Espie et al. proposed the attention-intention-effort pathway for psychophysiological 
insomnia [33]. This theory identified three essential processes: selective attention, explicit 
intention, and sleep effort. In this study, we observed that persistent sleep effort, a central 
factor in the maintenance of insomnia [33], was significantly correlated with psychological 
inflexibility. This finding suggests that sleep effort, as part of the attention-intention-effort 
pathway, may be influenced by psychological inflexibility. Sleep effort is a modifiable fac-
tor, so our findings suggest that targeting psychological inflexibility through ACT may be 
helpful in reducing maladaptive sleep effort and managing psychophysiological insomnia.

We also examined how psychological inflexibility and depression were related to insom-
nia in shift-working nurses. One main result of this study is the mediation model, which 
shows the key role of depressive symptoms as mediators of the negative impact of psy-
chological inflexibility on insomnia among our sample. Psychological inflexibility has also 
been shown to capture resistance to emotional change [34]. A recent meta-analysis demon-
strated that ACT has moderate efficacy in treating depression [35]. However, future research 
is needed on the efficacy of ACT for insomnia in alleviating symptoms of depression, or 
ACT for depression in improving insomnia.

In this study, the DBST index was not correlated with psychological inflexibility or 
insomnia severity among shift-working nurses. The DBST index reflects the discrepancy 
between an individual’s desired time in bed and desired total sleep time, and we previously 
reported that the DBST index can be used as a brief tool for measuring insomnia severity 
among the general population [28]. The DBST index can be considered as a rigid and pre-
occupied way of thinking, with individuals who have higher levels of insomnia responding 
with larger discrepancies between their desired time in bed and desired total sleep time. 
However, we did not observe any relationship between the DBST index and insomnia sever-
ity among shift working nurses. Furthermore, the DBST index was not associated with 
insomnia severity in this study, which was not consistent with a previous study [36]. The 
meaning or utility of the DBST index among shift workers needs to be explored further.

There are several limitations to this study. First, the results should be considered cau-
tiously because they are based on self-reported measures via online surveys. Second, the 
participants were shift-working nurses in one hospital, so the results cannot easily be gen-
eralized to other hospitals or populations. Third, the mean age of participants was relatively 
low (31.6 ± 17.9 years), which might bias the results.
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Despite the limitations of this study, our results may help in understanding variables 
that play a role in connecting psychological inflexibility and insomnia among shift-working 
nurses. We observed that the impact of psychological inflexibility on insomnia severity 
was fully mediated by depression, dysfunctional beliefs about sleep, and sleep effort. These 
findings highlight the importance of addressing psychological factors, particularly depres-
sion and maladaptive sleep-related beliefs, in interventions targeting insomnia among shift-
working nurses.
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