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Abstracts 

Patients on sick leave due to work-related stress often present with cognitive impairments as well as sleep 

disturbances. The aim of this longitudinal study was to examine the role of perceived stress and sleep 

disturbances in the longitudinal development in cognitive impairments in a group of patients with prolonged 

work-related stress (N=60) during a period of 12 months following initial professional care-seeking. 

Objective cognitive impairments (neuropsychological tests) were measured on two occasions – at initial 

professional care-seeking and at 12-month follow-up. Questionnaires on perceived stress, sleep disturbances, 

and cognitive complaints were completed seven times during the 12 months which facilitated multilevel 

analysis with segregation of within-person (change) and between-person (baseline level) components of the 

time-varying predictors (perceived stress and sleep disturbances). Change in perceived stress was associated 

with concurrent and subsequent change in self-reported cognitive complaints over the period of 12 months 

and to a lesser extent the change in performance on neuropsychological tests of processing speed from 

baseline to 12-month follow-up. Change in sleep disturbances was also associated with concurrent and 

subsequent change in self-reported cognitive complaints over the 12 months but not with change on 

neuropsychological test performance. Although the mechanism behind the improvement in cognitive 

impairments in patients with work-related stress should be further explored in future studies, the results 

could suggest that improvement in cognitive impairments is partly mediated by decreasing levels of 

perceived stress and, to a lesser extent, decreasing levels of sleep disturbances. 

 

Keywords: cognitive complaint, within-person effect, between-person effect, improvement, 

change, neuropsychological test   

 

Introduction 

Prolonged work-related stress is a major concern in Denmark as well as in other EU countries 

(Broughton 2010). Work-related stress can be defined as a process, in which an individual perceives 

demands associated with work as being more than the individual can handle and thereby negatively 

affecting the psychological and/or physiological state of the individual. The various symptoms of 

prolonged work-related stress can be fatigue, tension, complaints of physical pain, anxiety, and 

feelings of sadness (Eskildsen et al. 2015a). Sleep disturbances (e.g. difficulties falling asleep or 

staying asleep) are also often present in this patient group (Dalgaard et al. 2014, Willert et al. 2010). 

In general, stress and sleep disturbances seem closely related since research studies have shown that 

perceived stress  are associated with disturbed sleep – both in clinical and healthy populations 

(Åkerstedt et al. 2014, Kashani et al. 2012, Theadom & Cropley 2008). Furthermore, other studies 
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have shown that different kinds of stressors at work can increase the risk of disturbed sleep in 

employees (Linton et al. 2015).  

 Patients with prolonged work-related stress do also often complain about cognitive 

impairments (Dalgaard et al. 2014, Öhman et al. 2007, Van der Linden et al. 2005, Willert et al. 

2010). They report having difficulties sustaining attention, learning new things, and remembering 

plans and appointments. Furthermore, an increasing number of studies suggest that the self-reported 

cognitive complaints are accompanied by objectively measurable impairments in cognitive 

performance on neuropsychological tests. These impairments are most apparent on complex tests of 

sustained attention in particular when mental control such as inhibition of prepotent (predominant 

or spontaneous) responses are required and when time pressure is inherent in the task (Eskildsen et 

al. 2015a, Jonsdottir et al. 2013, Jovanovic et al. 2011, Sandström et al. 2005, Sandström et al. 

2011, van Dam et al. 2011).    

 Sleep disturbances and cognitive impairments are also closely connected and it is well-

documented in experimental studies that sleep deprivation can impair multiple aspects of cognitive 

function in healthy individuals (Lim & Dinges 2010, Reynolds & Banks 2010, Van Dongen et al. 

2003). A previous observational study has also found an association between sleep and cognitive 

performance in students. They found that both pre-exam stress and sleep quality were associated 

with exam performance and that the association between stress and performance decreased after 

adjusting for sleep quality (Ahrberg et al. 2012). In addition, a randomized controlled trial has 

indicated that cognitive complaints, but not performance on a working memory test, can be reduced 

by cognitive behavioral therapy incorporating sleep interventions (Willert et al. 2010). However, it 

is still not known to what extent sleep disturbances explain the incidence of cognitive impairments 

in patients with prolonged work-related stress or whether decreasing levels of perceived stress 

and/or sleep disturbances can explain improvement in cognitive function in the same patient group. 

 In a sample of out-patients with prolonged work-related stress, we have previously found 

mild to moderate cognitive impairments as measured with a neuropsychological test battery at 

initial professional care-seeking. The magnitude of these impairments was largest  regarding 

prospective memory, processing speed, and manipulation in working memory. In addition, the 

patients reported higher perceived stress and more self-reported cognitive complaints (Eskildsen et 

al. 2015a). Twelve months after initial professional care-seeking, patients had improved in respect 

to perceived stress, self-reported cognitive complaints, and performance on two of the 

neuropsychological tests (processing speed and prospective memory) (Eskildsen et al. 2016). The 
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underlying processes of change, which could explain this improvement, have not previously been 

examined. This was the aim of the present study. We wanted to examine the role of perceived stress 

and sleep quality in predicting change in (1) objective performance on the two neuropsychological 

tests on which the patients improved (Eskildsen et al. 2016) and (2) self-reported cognitive 

complaints in the 12 months following initial professional care-seeking. Concerning the relationship 

between perceived stress, sleep quality, and objective performance, we had only two measurements 

(baseline and 12-months follow-up). We had seven measurements on the data with self-reported 

cognitive complaints as the outcome. Therefore, we could benefit from multilevel analysis with 

proper methods of segregating the within-person (change) and between-person (level) components 

of the time-varying predictors (perceived stress and sleep quality) (Curran & Bauer 2011, Hoffman 

& Stawski 2009). We hypothesized the following: 

 

Hypothesis 1: Change in perceived stress and sleep quality (baseline to 12 month follow-up) is 

positively associated with change in objective performance on the tests of processing speed and 

prospective memory.  

 

Hypothesis 2: Change in both perceived stress and sleep quality during the 12 months (the 

within-person effect) is positively associated with concurrent and subsequent change in self-

reported cognitive complaints. 

 

Methods 

Participants  

This paper describes the analyses of additional data from an observational longitudinal study 

examining the long-term consequences of work-related stress (Eskildsen et al. 2015a, 2016). The 

participants (N=60) were outpatients referred to Department of Occupational Medicine, the 

Regional Hospital West Jutland by their general practitioner. Patients with work-related stress were 

referred if the patient needed help in returning to work and/or if the condition was eligible for being 

reported to the National Board of Industrial Injuries. 

 At intake, the patients were interviewed by an occupational psychologist regarding work-

related stressors, other kinds of stressors, previous mental history, symptom development and 

duration, etc. In case of depressive symptoms, the 6-item Hamilton Depression Scale was used to 

rate the severity of depressive symptoms (Bech et al. 1975, Hamilton 1960). Following this, the 
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patients were treated according to standard practice at the Department of Occupational Medicine. 

This included guidance regarding return to work and/or Cognitive Behavioral Therapy 

(approximately 4 sessions on average) (Eskildsen et al. 2016). 

 Inclusion criteria were (a) duration of stress symptoms for at least 1 month, which was 

established in the interview, (b) both the patient and the occupational psychologist should consider 

it likely that the patient’s mental health symptoms were a reaction to work-related stressors, and (c) 

patient symptom severity should correspond to a T-score of at least 63 of one or more of the 

Symptom Checklist (SCL-90-R) subscales: Somatization (SCL-SOM), Anxiety (SCL-ANX), and 

Depression (SCL-DEP) (Derogatis 1977). A T-score of 63 was recommended to identify a “case” in 

the Danish manual of the SCL-90-R (Olsen et al. 2007). The exclusion criteria were (a) current or 

previous psychiatric disorder (within the last two years) with the exception of mild depressive 

symptoms defined as a score < 9 on the 6-item Hamilton Depression Scale, (b) physical illness 

causing cognitive impairment, (c) alcohol or substance abuse, (d) native language other than 

Danish, (e) learning disabilities, and (f) psychoactive drug use other than current antidepressants. 

 

Materials 

Self-reports 

After inclusion, a questionnaire was sent to the e-mail of all participants. All questionnaires referred 

to the last month and were repeated after 1, 2, 3, 6, 9, and 12 months. 

The 10-item Perceived Stress Scale (PSS-10) (Cohen et al. 1983) is a global stress measure 

developed to assess the extent to which individuals find their lives to be unpredictable, 

uncontrollable, and overloaded (e.g. In the last month, how often have you been upset because of 

something that happened unexpectedly?). Each item is scored on a 5-point scale ranging from 0 

(Never) to 4 (Very often). The total score (range 0-40) is calculated as the sum of item scores after 

converting the positively formulated items (4, 5, 7, and 8). The development and validation of the 

Danish version is published elsewhere (Eskildsen et al. 2015b). 

The Cognitive Failures Questionnaire (CFQ) (Broadbent et al. 1982) contains 25 items and is 

designed to measure the frequency of lapses in perception, memory, and action (e.g. How often do 

you read something and find you haven’t been thinking about it and must read it again?). Each item 

is scored on a 5-point scale ranging from 0 (Never) to 4 (Very often). The total score (0-100) is 

calculated as the sum of all item scores. 
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The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al. 1989) is a measure of subjective sleep 

quality and contains 18 items concerning, for instance, time spent in bed, sleeping medication and 

subjective sleep quality (e.g. During the past month, how would you rate your sleep quality 

overall?). Seven component scores (0-3) and one global score (0-21) can be calculated. Larger 

scores indicate more severe sleep problems. A PSQI global score > 5 was originally recommended 

as an indicator of relevant sleep disturbances (Buysse et al. 1989), but a later study has suggested a 

cut-off of 6 instead to maximize the specificity (Backhaus et al. 2002). Therefore, we use the cut-off 

point of 6 to calculate the proportion of the sample who report having relevant sleep disturbances. 

  

Neuropsychological test battery 

All participants were tested with a comprehensive neuropsychological test battery after inclusion 

and again after 12 months. The tests used in the present study were those on which the performance 

of the patients improved from baseline to 12-month follow-up after adjusting for the change in 

performance in a group of healthy controls who were tested at the same two occasions. The two 

tests were (1) processing speed (Wechsler Adult Intelligence Scale III) (Wechsler 1997) and (2) a 

self-made test of prospective memory – the ability to remember to perform an intended action at a 

particular point in the future (Eskildsen et al. 2016). The prospective memory test proceeded 

throughout the entire test session (approx. 1½ hour) and implied that the respondent was instructed 

to try to remember to give the test examiner a piece of candy after each of the tasks in the test 

battery. The tests are described in detail elsewhere (Eskildsen et al. 2015a). 

 

Statistical analyses 

Hypothesis 1: Prediction of change in performance on processing speed and prospective memory 

To examine if change in perceived stress (PSS-10) and sleep quality (PSQI) could predict change in 

performance on processing speed and prospective memory, we conducted several linear regression 

analyses. Change in PSS-10 and PSQI from baseline to 12-month follow-up were the independent 

variables (alone and combined) and results from the neuropsychological tests were the dependent 

variables. The models were checked by diagnostic plots of the residuals.  

 

Hypothesis 2: Prediction of change in self-reported cognitive complaints 

The between-person component of a time-varying predictor corresponds to the effect of the overall 

level of the predictor across individuals (e.g. patients with a high level of the predictor variable 
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would also be expected to have a high level of the outcome variable) while the within-person 

component corresponds to the effect of change in the predictor on change in the outcome over time 

(a high degree of change in the predictor variable within a given individual is associated with a high 

degree of change in the outcome variable within the same individual) (Curran & Bauer 2011). 

Curran and Bauer (2011) have suggested estimating the between- and within-person components of 

one or more time-varying predictors on a time-varying outcome by a two-step regression approach, 

where one would first fit a random coefficient model to the predictors, estimate the individual 

intercepts, and then secondly use these intercepts as regressors in a regression model for the 

outcome. There are, however, two disadvantages to this approach, which are discussed in the 

supplementary information. In this study, we apply a multivariate random coefficient model to 

model the interdependence of the scores directly (Demidenko 2013). In this approach, the 

individual development in CFQ, PSS-10, and PSQI is assumed to follow a linear curve with an 

individual intercept and slope. A subject’s intercept and slope are interpreted as the individual level 

(the between-person component) and change (the within-person component), respectively.  

 We used the multivariate random coefficient model to examine whether within-person 

change in PSS-10 and PSQI (alone and combined) were predictive of concurrent change in CFQ 

after adjusting for the between-person components of the predictors. An additional moderation 

analysis was carried out to test if there was an interaction of PSQI level and change in PSS-10 on 

change in CFQ. 

 To explore the timeline in the association between PSS-10, PSQI, and CFQ, we performed 

similar analyses with lagged time (i.e. where the outcome was change in CFQ the following month). 

We estimated the effect of time and entered the lagged covariate (i.e. PSS-10 and/or PSQI at the 

previous time point). Initially, as the size of the lags was uneven (one or three months) and to 

account for any heterogeneous effect during the progression of time, we included time as an effect 

modificator. 

 To explore if the relation between the predictors and CFQ was bidirectional, we also 

performed the reversed analyses with change in CFQ as the predictor and subsequent change in 

PSS-10 and PSQI as the outcome. 

 The data analyses and model validation are described in detail in the supplementary 

information. 

 

Ethics 
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All participants gave their written consent and the study was approved by the Danish Data 

Protection Agency. All procedures were carried out in accordance with the Helsinki Declaration.

 

Results 

Demographic and clinical characteristics of the sample 

The demographic and clinical characteristics of the 60 patients recruited can be seen in Table 1.

 One patient failed to complete the PSQI at baseline. The mean score for the PSQI total score 

was calculated using single mean imputation for one patients who left one item unanswered at all 

time points (item 5j: During the past month, how often have you had trouble sleeping because you... 

Other reasons). A total of one, four, and three patients failed to complete the three questionnaires at 

2-, 9-, and 12-month follow-up, respectively, and four patients failed to show up to the re-test 

session at 12-month follow-up. The patients who dropped out of the study before the re-test tended 

to score lower than completers on the prospective memory test at baseline (difference = 22.02 [95 

% CI: -0.95: 45.00], p=0.06) but, otherwise, there were no differences between dropouts and 

completers in regard to the variables used in this study (Eskildsen et al. 2016). 

  At baseline, 76 % of the patients scored higher than 6 on the PSQI, which indicates 

clinically relevant sleep disturbances (Backhaus et al. 2002). The same was true for 40 % at follow-

up.  

 

[Insert Table 1] 

 

Hypothesis 1: Prediction of change in performance on processing speed and prospective memory 

Table 2 lists the results of the linear regression analyses between change in PSS-10 and PSQI and 

change in neuropsychological test performance. All regression coefficients were positive but the 

only statistically significant finding was that change in PSS-10 (alone and when adjusting for 

change in PSQI) was associated with change in processing speed (p <  0.05).  

 

[Insert Table 2] 

 

Hypothesis 2: Prediction of change in self-reported cognitive complaints 

By fitting a multivariate random coefficient model to the longitudinal responses, we obtained 

estimates of the population intercepts and slopes of the three measures (CFQ, PSS-10 and PSQI) 
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separately and observed that all the three curves were significantly declining (p < 0.001). The 

estimates are given in the supplementary information.  

 Table 3 contains the estimates of the within-person effects of PSS-10 and PSQI (alone and 

combined) on concurrent change in CFQ. The estimates are adjusted for the between-person effects. 

 

[Insert Table 3] 

 

The effect of a one point increase in change in PSS-10 in a given individual is associated with a 

concurrent increase in change in CFQ of 1.79 (95 % CI: 1.68, 1.91) after adjustment for the effect 

of baseline level of PSS-10. Adjusting for the effect of change in PSQI reduces the estimate to 1.36 

(95 % CI: 0.82, 1.91). Regarding the PSQI, the within-person effect is statistical significant only 

when entering the regression model without PSS-10. The adjusted R
2
 and the MSE suggest that the 

variation explained by the PSS-10 and PSQI is overlapping.  

 Table 4 contains the results of the lagged analyses where we estimated the within-person 

effect of PSS-10 and PSQI on subsequent change in CFQ (1 month later). 

  

[Insert Table 4] 

 

The effect of within-person change in the predictors is statistically significantly associated with 

subsequent change in CFQ. But again, PSQI is only a statistical significant predictor of change in 

CFQ when entering the regression without the PSS-10. A one-point change in PSS-10 is associated 

with a 0.35 point change in CFQ the following month.  

 When performing the reversed analysis, we observed that within-person change in CFQ was 

also predictive of subsequent change in PSS-10 (b = 0.11 [95 % CI: 0.06, 0.17], p < 0.001) and 

PSQI (b = 0.05 [95 % CI: 0.02, 0.08], p < 0.001) indicating a bidirectional association between 

PSS-10, PSQI, and CFQ. 

 Testing for interaction between level of PSQI and change in PSS on change in CFQ did not 

give cause to reject the hypothesis that there was no effect modification (p=0.06). Details and effect 

estimates can be found in the supplementary information. 
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Discussion 

This study followed a group of patients with prolonged work-related stress from their initial contact 

to an occupational health clinic and the subsequent 12 months and examined the role of perceived 

stress and sleep quality in predicting cognitive impairments during the follow-up period.  

 Concerning our first hypothesis that change in perceived stress and sleep quality from 

baseline to 12-month follow-up would be associated with change in performance on the tests of 

processing speed and prospective memory; we only partly confirmed this hypothesis. Even though 

all regression coefficients were positive as hypothesized, the associations were weak and only the 

association between change in perceived stress and change in processing speed was statistical 

significant. Nevertheless, the size of the associations was comparable to the findings from the study 

by Ahrberg (2012), who examined the association between pre-exam stress level, sleep quality, and 

exam performance. In a previous paper on cross-sectional data from the same sample (Eskildsen et 

al. 2015a), we have examined if the level in PSS-10 was associated with performance on a broad 

neuropsychological test battery. We failed to find a statistical significant association. In this study 

where we examined the association between change on the PSS-10 and change on the two tests 

from the test battery, on which the patients improved, we found a statistical significant association. 

This fact indicates that the within-person association between PSS-10 and performance on the test 

of processing speed is stronger than the between-person association in this sample. 

 Regarding our second hypothesis, within-person change in PSS-10 and PSQI predicted 

concurrent change in CFQ after adjusting for the baseline level of PSS-10 and PSQI, respectively. 

When PSS-10 and PSQI are entered together in the model, PSS-10 seems to be the most important 

predictor of change in performance on the tests and self-reported cognitive complaints. The R
2
 and 

MSE seem to suggest that PSQI does not contribute very much in predicting change in CFQ when 

PSS-10 is already in the model. The fact that PSS-10 seems to be a stronger predictor of cognitive 

impairments is in line with the above-mentioned study (Ahrberg et al. 2012).  

 The estimated monthly change on PSS-10 and PSQI (see the supplementary information) 

and the estimates of the within-person effect of PSS-10 and PSQI on concurrent change in CFQ 

(Table 3) specify that CFQ is expected to decrease 1.36 * 0.64 + 1.32 * 0.26 = 1.21 points per 

month. This estimate corresponds to a predicted change in CFQ of 14.52 points during the 12 

months period. Since the observed mean change in CFQ was 14.8, the combined effect of within-

person change in PSS-10 and PSQI on CFQ seems to be clinically relevant. 
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 Regarding the effect of within-person change in PSS-10 and PSQI on subsequent change in 

CFQ (the following month or quarter), the estimates were a lot smaller compared to the estimates 

concerning prediction of concurrent change in CFQ, but both change in PSS-10 (alone and 

combined) and PSQI (alone) were statistically significant.  

 To test whether the relationship between the two predictors and the outcome was 

unidirectional or bidirectional, we also estimated whether CFQ could predict subsequent change in 

PSS-10 and PSQI. We found a small but statistically significant association, which suggests that the 

relationship between CFQ, PSS-10, and PSQI is bidirectional. This is perhaps not surprising since it 

seems likely that cognitive impairments can maintain work-related stress and hinder recovery by 

decreasing the ability of the individual to manage work assignments and through ruminations about 

cognitive impairments at bedtime, which in turn can impair sleep. This bidirectionality is illustrated 

in Figure 1. The figure suggests that prolonged work-related stress can have direct effects on 

cognitive functions by the effect of stress hormones such as cortisol (Lupien et al. 2009). In 

addition, prolonged work-related stress can impair sleep through physiological arousal and 

increased ruminations. Impaired sleep, though, is not only a symptom of prolonged stress, but 

seems to maintain stress by hindering the restitution and probably also by increasing ruminations 

about lack of sleep (Grossi et al. 2015). The results from this study are not convincing evidence for 

the right arrow in Figure 1 (from sleep disturbances to cognitive impairments), however, and this 

relationship should be further studied. 

 

     [Insert Figure 1]  

 

 Summing up, our results suggest that change in PSS-10 over a period of 12 months predicts 

change in CFQ and, to a lesser extent, change in performance on neuropsychological tests of 

processing speed. Change in PSQI is also predictive of change in CFQ but not of change in 

performance on tests of processing speed or prospective memory.  

 A possible explanation for the weaker association between performance on 

neuropsychological tests and perceived stress and PSQI, respectively, could be that the mean 

improvement in performance on the tests, after adjusting for learning effects, is relatively small in 

this sample (Eskildsen et al. 2016). It is also possible that the cognitive impairments in this patient 

group are not caused or maintained by stress or sleep problems and that the close association 

between the self-reported measures is caused by common method variance bias and/or that the CFQ 
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is measuring worries about own cognitive abilities rather than measuring cognitive abilities per se 

(Wilhelm et al. 2010). The last-mentioned explanation would suggest that a decreasing level of 

PSS-10 or PSQI would mean a decreasing level of worries about own cognitive abilities instead of 

an improvement in actual abilities. Another explanation could be that the test results are a poor 

indicator of change in cognitive function. Test performance on a given day and time is to some 

extent influenced by contextual factors and by motivation and fatigue at that specific time point. It 

is also possible that several of the patients with cognitive problems in every day life can maintain 

their normal level of functioning for a short time as when being tested but not in the long run during 

the whole day. Furthermore, in the test session, the respondent benefits from the fact that the test 

examiner plans, leads and structures the tasks on behalf of the respondent and there are no or few 

distractions during a test session. In daily life, however, the individual is dependent upon own 

initiative and ability to plan and organize the day.  

 The strengths of this study were the longitudinal design with the separation of the between-

person and within-person effect of the predictors which makes a more exact investigation of the 

change processes during recovery from prolonged work-related stress possible. Furthermore, we 

explored the timing of the change processes and whether or not change in perceived stress and sleep 

predicted subsequent change in cognitive impairments. In addition, we used both self-reported and 

objective measures of cognitive impairments which reduced the risk of common method variance 

bias. Unfortunately, we did not have more than two test sessions, and therefore, we were not able to 

include objective cognitive impairments in the multivariate random coefficient analyses, and 

consequently, common method variance can still bias these results by enlarging the association 

between perceived stress, sleep, and cognitive complaints as mentioned above. In this respect, the 

validity of the self-reported sleep quality also merits a discussion. Previous data from a sleep lab 

have demonstrated that, although self-reported sleep estimates in the morning are correlated with 

recordings from the lab, fewer than one in five patients with complaints of very short sleep length or 

very long sleep latency will have the complaint confirmed in a laboratory sleep recording 

(Carskadon et al. 1976). One of the reasons for the relatively low correlation between self-reported 

and objective sleep measures could be that periods with light sleep or repeated arousals are 

misinterpreted as waking states (Carskadon et al. 1976, Harvey & Tang 2012). In addition, the risk 

of memory distortion is also present because of the retrospective nature of the scale. Nevertheless, 

the PSQI is considered to be a useful first-line, easy-to-handle, and time-efficient questionnaire to 
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evaluate sleep disturbances and is one of the two most commonly used and recommended sleep 

questionnaires (Backhaus et al. 2002, Buysse et al. 2006, Cox & Olatunji 2016).  

 Another important limitation is the relatively small sample and resulting low power in the 

analyses concerning hypothesis 1, which meant that the confidence intervals around the estimates 

were large and might have led to a type II error.  

 Regarding the time-lagged analyses, the small estimates of the within-person effects could 

possibly be explained by the long time duration between the measurements (1 month in the first 

quarter and thereafter 3 months between the completions of the questionnaires). Since change in 

stress and sleep might affect cognitive function immediately (within days or weeks), there is a risk 

that we were not able to detect this in our data. We would probably have exhausted the patients, 

though, if we had asked them to complete the scales every week for several months which may have 

left us with a lot of missing data. 

  In conclusion, the extent of improvement in perceived stress and sleep quality predicted 

concurrent and subsequent improvement in self-reported cognitive complaints but not, 

convincingly, the improvement in performance on the neuropsychological tests.  

 The results could suggest that improvement in perceived stress mediate the improvement in 

cognitive impairments. A part of this association could be further mediated by improvement in 

sleep quality. This cannot be clarified in just one study, though, but has to draw on a series of 

studies often from different disciplines and study designs (Kazdin 2007). For instance, the role of 

sleep disturbances could be further examined, by randomizing patients with work-related stress and 

cognitive impairments to treatment as usual or treatment incorporating sleep interventions to 

examine if cognitive impairments are reduced more in the group who receives the sleep 

intervention.  

 Whether the self-reported cognitive complaints or performance on the cognitive test is the 

most valid measure of true cognitive impairment in this patient group remains unclear and 

therefore, cognitive function should preferably be measured with both objective and self-reported 

measures.  
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Table 1. Demographic and clinical characteristics of the sample 

  Baseline Follow-up 

(n = 60) (n = 57) 

Sex (male) 16 % 16 % 

Age in years at baseline (min-max) 44.3 (28.6-61.3) 44.4 (28.6-61.3) 

Education   

Nine-year compulsory schooling 5.0 % 5.3 % 

Upper secondary or vocational education 36.7 % 35.1 % 

Bachelor or equivalent 46.7 % 47.4 % 

Master or equivalent 11.7 % 12.3 % 

Stress-related sick-leave in the last 3 months* 78.3 % 17.5 % 

Unemployed 0 % 24.6 % 

Questionnaires: Mean (SD)   

The 10-item Perceived Stress Scale 24.5 (5.0) 15.8 (6.5) 

Pittsburgh Sleep Quality Index 9.8 (3.8) 6.2 (3.7) 

The Cognitive Failures Questionnaire 54.4 (14.1) 39.6 (14.5) 

Neuropsychological testing   

Prospective memory 49.7 (22.7) 61.0 (21.6) 

Processing speed 98.2 (11.4) 105.2 (12.4) 

*Self-reported sick-leave (> 1 week) due to work-related stress 

 

Table 2. Linear regression analyses with change in perceived stress (PSS) and sleep quality (PSQI) 

as predictors of change in processing speed and prospective memory 

Change in PSS PSS adjusted PSQI PSQI adjusted Adjusted R
2
 MSE 

 

Alone for PSQI Alone for PSS PSS and PSQI  

Processing  β = 0.36* β = 0.34* β = 0.38 β = 0.02 0.08 58.96 

speed (0.10,0.61) (0.04,0.64) (-0.31,1.06) (-0.72, 0.75) 

  Prospective  β = 0.46 β = 0.32 β = 1.03 β = 0.68 0.00 403.01 

memory (-0.21,1.13) (-0.45,1.10) (-0.69, 2.75) (-1.23,2.60) 

  *p < 0.05. The 95 % CI are shown in bracket. MSE: Mean Square Error. 
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Table 3. Within-person effects of PSS-10 and PSQI – alone and combined – on concurrent change 

in CFQ  

 

b 95 % CI p-value 

Adj. R 

squared MSE 

PSS-10 alone 1.79 1.68,1.91 < 0.001 0.95 0.05 

PSS-10 adjusted for PSQI 1.36 0.82,1.91 < 0.001 0.95 0.04 

PSQI alone 5.43 5.02,5.85 < 0.001 0.93 0.07 

PSQI adjusted for PSS-10 1.32 -0.37,3.02 0.126 0.95 0.04 

The estimates are adjusted for the between-person effects. PSS-10: Perceived Stress Scale. PSQI: 

Pittsburgh Sleep Quality Index. MSE: Mean square error. 

 

Table 4. Within-person effects of perceived stress (PSS) and sleep quality (PSQI) – alone and 

combined – on subsequent (lagged) change in cognitive complaints (CFQ) 

 

b 95 % CI p-value 

Adj. R 

squared MSE 

PSS lag alone 0.35 0.18,0.53 < 0.001 0.72 46.09 

PSS lag adjusted for PSQI  0.31 0.11,0.51 0.003 0.72 45.66 

PSQI lag alone 0.46 0.12,0.80 0.008 0.71 48.30 

PSQI lag adjusted for PSS  0.30 -0.09,0.69 0.134 0.72 45.66 

 

 

Figure 1. The hypothesized relationship between work-related stress, sleep disturbances and 

cognitive impairments 
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