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ORIGINAL ARTICLE

An evaluation of morningness and schedule misfit using the revised Preferences 
Scale (PS-6): Implications for work and health outcomes among healthcare 
workers
Janet L. Barnes-Farrell a, Rick A. Laguerre b, and Lee V. Di Milia c

aDepartment of Psychological Sciences, University of Connecticut, Storrs, Connecticut, USA; bDepartment of Psychology, Montclair State 
University, Montclair, New Jersey, USA; cSchool of Business and Law, Central Queensland University, Rockhampton, Australia

ABSTRACT
The last several decades of shift work tolerance and circadian misalignment research has had 
mixed results regarding the adverse impact of shift work on work and health outcomes. This 
inconsistency is, in part, due to the circadian typology measure employed and the study metho
dology. Based on models of shift work and health, the present study examined associations 
between circadian misalignment, end-of-day strain, and job- and health-related outcomes using 
the revised Preferences Scale (PS-6). A sample of 129 healthcare workers (76.7% female) from the 
United States (67%) and Australia (34.1%) aged 22 to 64 responded to a self-report questionnaire 
on work schedules, work stressors, and well-being. Multiple regression analysis found that the 
preferences for cognitive activity subscale of the PS-6 moderated the association between shift 
work and strain (b = −.36, p < .001). Those who worked nights experienced more strain if their 
preferences for cognitive activity were misaligned, whereas no differences in strain were observed 
among day workers. Moderated-mediation analyses, on the basis 95% confidence intervals, found 
that shift work had a conditional indirect effect on work-family conflict, job satisfaction, and health- 
related quality of life, via strain, and the effect was moderated by preferences for cognitive activity. 
Findings provide additional evidence for the criterion and external validity of the PS-6, and 
importantly, the present study establishes further support for models of shift work and health. 
Overall, the analyses highlight the importance of exploring the interactions between shift work and 
different dimensions of morningness in shift work tolerance research.
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Introduction

Shift work, broadly defined as hours of employment that 
fall outside of the standard day schedule of 09:00–17:00 h 
during the week (Costa 2003), has been a topic of interest 
for chronobiologists, occupational health psychologists, 
ergonomists, and policy-makers for some time. Nearly 
18% of the U.S. workforce consists of shift workers, and 
the most common shift worked is 14:00–00:00 h 
(McMenamin 2007). Many of the problems surrounding 
the health and well-being of shift workers stem from 
a disturbance of the circadian rhythm as a result of work
ing at night (Berger and Hobbs 2006; Costa 1996). 
Measures of circadian typology (Ctypo) have been crucial 
to quantifying the impact of shift work. Measurement of 
Ctypo variables may be performed through objective and/ 
or subjective methods. Wrist actigraphy and melatonin 
secretion are valid objective methods, but it is important 
to note that the relationship between melatonin onset (a 
reliable circadian phase marker) and chronotype can be 
suppressed with artificial light (Lewy et al. 1980; Zeitzer 

et al. 2000). Thus, depending on the population, chrono
type may or may not reflect a circadian phase, highlighting 
the fact that objective methods have their limitations.

Subjective self-report measures of Ctypo are increas
ingly used due to their ease-of-administration and non
invasiveness (Gomes et al. 2011). Research suggests that 
morningness-eveningness (M-E) preferences scales – 
self-report Ctypo assessments – can be used as proxies 
of circadian misalignment, since they are not able to 
measure circadian misalignment itself (Adan et al. 2012; 
Saksvik et al. 2011; Tucker and Knowles 2008). Given 
that M-E preferences scales correspond to individual 
differences in the circadian clock (Bhatti et al. 2014; 
Duffy et al. 2001; Simpkin et al. 2014; Wright et al.  
2013), we conceptualize circadian misalignment as 
a misalignment between a worker’s M-E preferences 
and their actual shift worked (Majumdar and Sahu  
2020). Those with stronger morningness preferences 
tend to function optimally in the morning hours, 
whereas those with stronger eveningness preferences 
perform best during the afternoon and evening (Di 
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Milia et al. 2008). For decades, researchers have drawn 
from stress-strain frameworks to depict models of shift 
work and health (e.g., Barton et al. 1995; Olsson et al.  
1990; Taylor et al. 1997; Tucker and Knowles 2008). 
Typically, shift work is viewed as a stressor that pro
duces adverse consequences through disturbances to 
sleep, health, family life, and social life (Smith et al.  
1999). Personal factors (e.g., chronotype) and work 
environment characteristics (e.g., lack of autonomy) 
are often proposed as key moderators of the stress- 
strain relationship (Taylor et al. 1997; Tucker and 
Knowles 2008).

Although correlations have provided support for the 
conceptual pathways of shift work adjustment, there are 
surprisingly few empirical tests of models of shift work 
and health that include moderation and/or mediational 
examinations (Adan et al. 2012; Saksvik et al. 2011; 
Tucker and Knowles 2008). Further, the few tests of 
shift work tolerance mechanisms yield results that are 
not always in agreement, and they have sometimes 
found contradictory effects of circadian misalignment 
on health and well-being (Saksvik et al. 2011). There is 
evidence, however, that the inconsistent associations 
between circadian misalignment and shift work toler
ance are, in no small part, due to the measures 
themselves.

Researchers commonly assess M-E via the 
Morningness-Eveningness Questionnaire (MEQ; 
Horne and Östberg 1976), its derivative the reduced 
Morningness-Eveningness Questionnaire (rMEQ; 
Adan and Almirall 1991), the Composite Scale of 
Morningness (CSM; Smith et al. 1989), or the diurnal 
type scale (DTS; Torsvall and Åkerstedt 1980). Despite 
their popularity, these measures of M-E preferences 
have traditionally been criticized for being culturally 
biased and for referring to the timing of activities that 
may not be applicable to respondents with non- 
traditional schedules (Smith et al. 1991; Zickar et al.  
2002). In a review, Saksvik et al. (2011) identified 16 
shift work tolerance studies that examined morningness 
and found that a misalignment between chronotype and 
shift produced mixed results. We evaluated these 16 
publications and identified that they can be placed into 
two broad measurement categories: a) those that used 
single-item, nominal measures of morningness, and b) 
those that utilized the popular M-E scales, such as the 
CSM or MEQ, and consisted of people who worked 
irregular or rotating shifts (e.g., Khaleque 1999; Petru 
et al. 2005; Smith et al. 1999; Takahashi et al. 2005). 
Taken together, we infer that the ongoing inconsisten
cies in associations between circadian misalignment and 
shift work tolerance are partly due to the use of different 
scales, methodological limitations in each study, and 

study subjects being from different countries and 
occupations.

Although the use and applicability of an 
M-E assessment in shift work research depends on the 
nature of the design, there is no gold standard. Smith et al. 
(2002) developed the Preference Scale (PS) in response to 
criticisms of contemporary M-E instruments, which 
eliminated references to time of day for the purpose of 
being inclusive of work schedules and cultural differ
ences. Di Milia (2005) revised the PS by establishing 
a two-factor 6-item structure, and subsequent research 
has validated the revised version of the scale, resulting in 
the PS-6 (Di Milia et al. 2008). To date, no direct, sys
tematic examination of the relations between dimensions 
of the PS-6 and shift work tolerance have been conducted 
(Adan et al. 2012; Saksvik et al. 2011; Tucker and Knowles  
2008); therefore, the aim of this study is to assess the 
relevance of the PS-6 for shift work tolerance research. 
Consistent with models of shift work and health, the 
major hypotheses are; explored herein is shift work cir
cadian misalignment, as assessed by the PS-6, directly 
effects the experience of end-of-day strain at work (i.e., 
moderation), and the experience of strain mediates the 
relationship between circadian misalignment and impor
tant work and health outcomes (i.e., moderated- 
mediation).

Method

Participants

The sample included a total of 129 healthcare workers; 
of these, 85 (67%) were from the United States and 44 
(34.1%) were from Australia. All workers had fixed shift 
schedules, where 74.4% worked the day shift and 25.6% 
worked nights. They were aged 22–64 years (M = 41.96, 
SD = 9.96) of which 76.7% were female and 22.5% male. 
The marital status of the participants was as follows: 
73.6% married/partnered, 10.9% divorced or separated, 
and 14.7% single. Nearly half (48.8%) of them had 
children.

Measures

Independent variables
Shift work. The shift work variable was derived from 
reported shift start and end times and through asking 
participants to respond yes or no to the question “are 
these the only hours of the day that you work on a regular 
basis?” This information was used to categorize respon
dents as working: a fixed (non-rotating) day shift, or 
a fixed (non-rotating) afternoon/evening shift, resulting 
in a dichotomous dummy variable.
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Revised Preferences Scale (PS-6). The two factor, six- 
item version of the revised Preferences Scale (PS-6; Di 
Milia 2005; Di Milia et al. 2008) was used to assess 
morningness. The first factor was conceptualized as 
a readiness for cognitive activity (e.g., When would you 
prefer to take an important three-hour examination?), 
and the second factor pertained to preferences for start
ing the day (e.g., When would you prefer to get up?). The 
PS-6 uses a 5-point scale (1= much earlier than most 
people; 5 = much later than most people). Lower scores 
represent a higher morningness orientation.

Work-related dependent variables
Strain. A 3-item adaptation of the International 
Healthcare Professionals (IHP) Survey (Barnes-Farrell 
et al. 2008) was used to assess end-of-day strain (When 
you leave work at the end of a normal work day, how 
mentally tired do you usually feel?). This measure uses 
a 4-point scale (1 = not at all; 4 = extremely).

Work-family conflict. A composite of two items 
adapted from Frone et al. (1992) was used to assess 
work-family conflict (how often does your job or career 
interfere with your home life?). This measure uses 
a 6-point scale (1 = never; 6 = 5+ days per week).

Job satisfaction. A 2-item adaptation of the Global Job 
Satisfaction measure (Ganzach 2003) was used to assess 
job satisfaction (how satisfied are you with your job?). 
This measure uses a 4-point scale (1 = very dissatisfied; 
4 = very satisfied).

Turnover intentions. A 3-item adaptation of the mea
sure developed by Hanisch and Hulin (1990) was used 
to assess turnover intentions (how often have you 
thought about leaving your job?). This measure uses 
a 4-point scale (1 = never/almost never; 4 = often).

Health-related dependent variables
Health-related quality of life. Finally, a comprehensive 
collection of 9 distinct indicators of health were assessed 
as measured by the US Centers for Disease Control 
Healthy Days measure (CDC 2001). The CDC designed 
this measure to globally capture the minimum number 
of unhealthy days for the purpose of making it trans
parent for policy-makers – thus, the recommendation is 
to keep these items separate (Moriarty et al. 2003). The 
measure is divided into 4 core scales and 5 additional 
scales. For the core scale, this measure assesses general 
health (e.g., would you say that in general your health 
is . . .) using a 5-point scale (1 = poor; 5 = excellent). The 
remaining indicators assessed the number of days dur
ing the past 30 days that respondents were unhealthy. 

The items used a similar stem as physical health 
(Thinking about your physical health, which includes 
physical illness and injury, for how many days during 
the past 30 days was your physical health not good?), but 
each subsequent index used different language to cap
ture different aspects of life, as is the case with mental 
health (Thinking about your mental health, which 
includes stress, depression, and problems with emotions, 
for how many days during the past 30 days was your 
mental health not good?), and activity level (During the 
past 30 days, for about how many days did poor physical 
or mental health keep you from doing your usual activ
ities, such as self-care, work, or recreation?). The addi
tional scales assessed pain (During the past 30 days, for 
about how many days did PAIN make it hard for you to 
do your usual activities, such as self-care, work, or recrea
tion?), depression (During the past 30 days, for about 
how many days have you felt SAD, BLUE, or 
DEPRESSED?), anxiety (During the past 30 days, for 
about how many days have you felt WORRIED, 
TENSE, or ANXIOUS?), sleep (During the past 30 days, 
for about how many days have you felt you did not get 
ENOUGH REST or SLEEP?), and energy (During the 
past 30 days, for about how many have you felt VERY 
HEALTHY AND FULL OF ENERGY?—reverse coded).

Control variables
We controlled for nation, chronological age, job tenure, 
and work demands using the physical (3-items; My job 
requires a lot of physical effort) and psychological 
(3-items; My job requires working very fast) demands 
subscales of the Job Content Questionnaire (JCQ; 
Karasek et al. 1998). The JCQ uses a 4-point scale (1 =  
strongly disagree; 4 = strongly agree). We opted to con
trol for nation due to differences between the U.S. and 
Australia in terms of their productivity norms and the 
level of support provided to working women (Bardoel 
et al. 2011), which is an important consideration for this 
study since our sample contains mostly female shift 
workers. Further, controlling for nation allowed us to 
account for the unequal distribution of U.S. and 
Australian shift workers in our design, and to ensure 
that demographic differences in one country did not 
substantially bias results.

Procedure

The healthcare workers were volunteers for an interna
tional collaborative questionnaire, the Survey of Work 
and Time for Healthcare Workers (SWAT-Healthcare), 
which includes the PS-6 and multi-item assessments of 
work schedule, work stressors, and work and personal 
well-being (see also Barnes-Farrell et al. 2008). 
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Researchers from both countries received approval from 
their University’s Institutional Review Board to recruit 
convenience samples of volunteers. All ethical require
ments established by the Journal to conduct research on 
human subjects were adhered to (Portaluppi et al. 2010).

Statistical analysis

Analyses were conducted using SPSS Version 25. We 
used hierarchical multiple regression to test for modera
tion, then we employed the PROCESS macro for SPSS 
(Hayes 2013; Preacher et al. 2007), which utilizes bias- 
corrected bootstrapping for estimating confidence 
intervals (CI), to test for moderated-mediation. To 
operationalize circadian misalignment, we created 
interaction terms for shift work and each morningness 
dimension of the PS-6, (a) preferences for cognitive 
activity and (b) preference for starting the day. This 
means that one series of analyses operationalized circa
dian misalignment on the basis of shifts that are a misfit 
with preferences for cognitive activity, and another set 
of tests framed circadian misalignment as a misfit 
between shifts and preferences for starting the day. We 
then regressed end-of-day strain on these interaction 
terms (in separate models) to test for moderation. 
Given that the PS-6 assesses two distinct aspects of 
morningness, modeling the morningness dimensions 
separately allows us to evaluate which aspect has greater 
associations with important work and health outcomes.

Next, we tested for moderated-mediation using the 
PROCESS macro by assessing whether shift work had 
a direct and conditional indirect effect on work (e.g., job 
satisfaction, work-family conflict, and turnover inten
tions) and health (e.g., CDC healthy days) outcomes, via 
strain. This model evaluated whether end-of-day strain 
(i.e., physical and mental fatigue) is a suitable explanatory 
variable for the associations between shift work and the 
work and health outcomes in our design. In other words, 
we evaluated circadian misalignment by testing whether 
the observed mediations between shift work and out
comes were moderated by the PS-6 morningness sub
scales (i.e., moderated-mediation). Collectively, these 
analyses allowed us to evaluate the role of the PS-6 in 
a manner consistent with models of shift work and health.

Results

Descriptive statistics, bivariate correlations, and reliabil
ity coefficients (Cronbach’s alpha) for all study variables 
are summarized in Table 1. On average, participants 
reported that the preferences for cognitive activity 
(M = 2.6; SD = .80) and preferences for starting 
the day (M = 2.8; SD = .95) were a-little-earlier to about- 

the-same as most people. Consistent with prior research, 
higher chronological age was associated with prefer
ences for starting the day that were earlier than most 
people (p < .05). Women worked more night shifts than 
men (p < .05), and those who worked nights tended to 
report that their work was more physically demanding 
(p < .05). Moreover, shift work was positively associated 
with strain (p < .01) and work-family conflict (p < .05). 
With the exception of the physical job demands subscale 
(α = .56), the Cronbach’s alphas for the measures were 
adequate, ranging from .75 to .85. For a comprehensive 
summary of the descriptive characteristics of the study 
population, sorted by nation, see Table 2.

Moderation results

We tested the first hypothesis – that circadian misalign
ment was associated with more strain – using multiple 
regression (see Table 3). Age, nation, tenure, and job 
demands, were introduced as control variables (Table 3, 
step 1) before doing the core analyses. In the linear 
model predicting strain (Table 3, step 2), shift work 
was associated with greater strain (b = .46, p < .01), 
such that night workers had an average increase of .46 
on strain scores than day workers. The interaction 
between shift and preferred cognitive activities timings 
(Table 3, step 3) was significantly associated with strain 
(b = −.36, p < .001). In contrast, the interaction between 
shift and preferences for starting the day (Table 3, 
step 4) was not significant (b = −.20, ns). We inferred 
partial support for the first hypothesis and plotted the 
significant interaction following the procedures given 
by Aiken et al. (1991). As seen in Figure 1, preferences 
for cognitive activity have no effect on strain experi
ences for day workers, but night workers experience 
more strain if their preferences were much earlier than 
others and less strain if their preferences were much 
later than others.

Moderated-mediation results

In order to test the second hypothesis, we conducted 
moderated-mediation analyses, with circadian misalign
ment predicting worsened work and health outcomes 
via strain, using the PROCESS macro for SPSS (see 
Figure 2).

Overall, the analyses revealed that circadian misa
lignment, as assessed by the preferences for cognitive 
activity subscale of the PS-6, had a significant indirect 
effect on the majority of the job- and health-related 
outcomes. With shift work as the independent variable, 
a test of the conditional indirect effect examines whether 
the mediational pathway from shift work → strain → 
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work and health outcomes are conditional on levels of 
morningness (i.e., the PS-6). Significant results, as evi
denced by confidence intervals that exclude zero, would 
mean that the mediational process is optimal in the 
presence of circadian misalignment. The results of our 
analyses are presented in Table 4, which provides effect 
size estimates and confidence intervals for the condi
tional indirect effects. Results in the third column of 
Table 4 show that, with preferred cognitive activity 
timings as the moderator, shift work had a conditional 
indirect effect on job satisfaction, work-family conflict, 
and all personal health variables via end-of-day strain. 
As shown in Table 4, shift work did not have 
a conditional indirect effect on turnover intentions. 
Results in the fifth column of Table 4 show that, with 
preferences for starting the day as the moderator, there 
were no significant conditional indirect effects of shift 
work on the dependent variables.

For the job-related outcomes (see Table 5), the regres
sion analyses revealed that shift work had no significant 

direct effect on work-family conflict (b = .65, ns), 
job satisfaction (b = .03, ns), and turnover intentions 
(b = −.03, ns). Further, we observed similar results 
using nine distinct indicators of health as assessed by 
the Center for Disease Control Healthy Days measure. 
As seen in Tables 6 and 7, the direct effect of shift 
work on all personal health variables were non- 
significant.

Although shift work did not independently predict 
worsened work and health outcomes, the impact of 
strain did, which explains why circadian misalign
ment had an indirect association with work- and 
health-related outcomes. As shown in the dependent 
variable models of Table 5, strain had a significant 
direct effect on work-family conflict (b = .65, p < .001) 
and job satisfaction (b = −.30, p < .01); however, strain 
was not associated with turnover intentions (b = .09, 
ns). Moreover, strain was related to a worsening of all 
personal health variables. The unstandardized coeffi
cients for these personal health variables, except 

Table 2. Summary of descriptive characteristics by nation.
Full Sample: United States + Australia (N = 129) United States (n = 85) Australia (n = 44)

Characteristic N (%) M SD n (%) M SD n (%) M SD

Age (in years, range 22–64) 41.96 9.96 41.44 10.22 42.98 9.49
22–29 20 (16%) 15 (18%) 5 (11%)
30–39 28 (22%) 19 (22%) 9 (20%)
40–49 52 (40%) 32 (38%) 20 (45%)
50–59 24 (19%) 15 (18%) 9 (20%)
60+ 5 (4%) 4 (5%) 1 (2%)
Gender
Male 29 (22%) 13 (15%) 16 (36%)
Female 99 (77%) 71 (84%) 28 (64%)
missing 1 (1%) 1 (1%) 0 (0%)
Shift worked
Day 96 (74%) 59 (69%) 37 (84%)
Night 33 (26%) 26 (31%) 7 (16%)
Day Shift: Stratified by age
22–29 13 (14%) 8 (14%) 5 (14%)
30–39 22 (23%) 13 (22%) 9 (24%)
40–49 39 (41%) 24 (41%) 15 (41%)
50–59 17 (18%) 10 (17%) 7 (19%)
60+ 5 (5%) 4 (7%) 1 (3%)
Night Shift: Stratified by age
22–29 7 (21%) 7 (27%) 0 (0%)
30–39 6 (18%) 6 (23%) 0 (0%)
40–49 13 (39%) 8 (31%) 5 (71%)
50–59 7 (21%) 5 (19%) 2 (29%)
60+ 0 (0%) 0 (0%) 0 (0%)
Day Shift: Stratified by gender
Male 26 (27%) 12 (20%) 14 (38%)
Female 69 (72%) 46 (78%) 23 (62%)
missing 1 (1%) 1 (2%) 0 (0%)
Night Shift: Stratified by gender
Male 3 (9%) 1 (4%) 2 (29%)
Female 30 (91%) 25 (96%) 5 (71%)
missing 0 (0%) 0 (0%) 0 (0%)
Revised Preferences Scale (PS-6)
Preferences for cognitive activity 2.63 0.80 2.73 0.80 2.43 0.76
Preferences for starting the day 2.84 0.95 2.97 1.00 2.58 0.77
Work Demands
Physical demands 2.78 0.64 2.82 0.65 2.68 0.63
Psychological demands 2.59 0.76 2.50 0.77 2.77 0.71
Tenure 7.77 7.94 6.89 7.70 9.48 8.21
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general health, correspond to unhealthy days out of 
a 30-day period. This means that, for example, if b =  
3.00, a one-unit increase in strain accounts for 
a three-day increase in reported health problems 
over the course of a month. To this regard, Tables 6 
and 7 reveal that strain was significantly associated 

with physically unhealthy days (b = 1.42, p < .05), 
mentally unhealthy days (b = 2.93, p < .05), activity 
limitation days (b = .90, p < .05), pain days (b = 2.96, 
p < .001), depression days (b = 3.13, p < .001), anxiety 
days (b = 4.76, p < .001), sleepless days (b = 4.94, 
p < .001), lack of vitality days (b = 5.70, p < .001), and 
general health (b = −.35, p < .01).

Discussion

In this study, we examined a model of shift work 
tolerance that addressed two major gaps in the litera
ture on circadian typology and theory on adaptation to 
shift work. First, we tested the efficacy of the revised 
preferences scale (PS-6) in predicting outcomes impor
tant for shift work and occupational health researchers. 
To our knowledge, we are the first study to provide 
evidence of criterion validity for the PS-6 within a shift 
work tolerance framework, going beyond the scope of 
methodological articles that used the measure before 
(e.g., Di Milia et al. 2011; Marques et al. 2017). Second, 
we found support for our hypothesized model regard
ing conditional indirect effects of shift work on work 

Table 3. Regression results for strain.
Model b SE t R2

Step 1. Strain predicted by: 0.15
Constant 1.56** 0.45 3.47
Age 0.00 0.01 −0.53
Nation −0.02 0.13 −0.12
Tenure 0.00 0.01 0.06
Physical job demands 0.19 0.10 1.98
Psychological job demands 0.25** 0.09 2.94

Step 2. Strain predicted by: 0.23
Constant 1.48** 0.43 3.46
Age 0.00 0.01 −0.48
Nation 0.03 0.12 0.26
Tenure 0.00 0.01 0.17
Physical job demands 0.13 0.10 1.36
Psychological job demands 0.28** 0.08 3.46
Shift 0.46** 0.13 3.51

Step 3. Strain predicted by: 0.28
Constant 1.53*** 0.42 3.64
Age 0.00 0.01 −0.63
Nation 0.02 0.12 0.16
Tenure 0.00 0.01 0.50
Physical job demands 0.10 0.09 1.07
Psychological job demands 0.31 0.08 3.79
Shift 0.56*** 0.13 4.20
Preferred cognitive activities timings 0.01 0.09 0.09
Shift × Preferred cognitive activities timings −0.36*** 0.15 −2.41

Step 4. Strain predicted by: 0.24
Constant 1.45** 0.43 3.34
Age 0.00 0.01 −0.38
Nation 0.05 0.12 0.40
Tenure 0.00 0.01 0.54
Physical job demands 0.12 0.10 1.26
Psychological job demands 0.29** 0.08 3.58
Shift 0.52*** 0.15 3.43
Preferred start day timings 0.08 0.08 1.05
Shift × Preferred start day timings −0.20 0.15 −1.36

n = 129. Regression coefficients are unstandardized. 
*p < .05; **p < .01; ***p < .001.

Figure 1. Interaction of shift work and preferences for cognitive 
activity predicting strain.  
Note: Low pref cog = preferences for cognitive activity that is 
earlier than most people; High pref cog = preferences for cog
nitive activity that are later than most people.
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Figure 2. Conditional indirect effect of shift work on job- and health-related outcomes, via strain (controlling for age, nation, tenure 
and job demands). Note: * = p < .05; ** = p < .01; ***= p < .001 

Table 4. Circadian misalignment as assessed by two aspects of PS-6 morningness: confidence intervals and estimates for 
the conditional indirect effect of the interaction between shift work and morningness on various work and health 
outcomes, via strain (controlling for age, nation, tenure and job demands).

PS-6 Moderator

Preferences for cognitive activity Preferences for starting the day

Dependent Variable Estimate Confidence Interval (CI) Estimate Confidence Interval (CI)

Job-related
Work-family conflict −0.2381 95% CI −0.1313 95% CI

[−0.4833, −0.0534] [−0.4161, 0.082]
Job satisfaction 0.1085 95% CI 0.0555 95% CI

[0.0240, 0.2549] [−0.0464, 0.1801]
Turnover intentions −0.0319 95% CI −0.0163 95% CI

[−0.1704, 0.0342] [−0.1412, 0.0191]
Health-related
General health 0.1279 95% CI 0.0654 95% CI

[0.0323, 0.3110] [−0.0396, 0.2464]
Physically unhealthy days −0.6029 95% CI −0.2551 95% CI

[−1.7082, −0.619] [−1.2278, 0.1307]
Mentally unhealthy days −1.2385 95% CI −0.524 95% CI

[−2.6704, −0.4391] [−1.7945, 0.4405]
Activity limitation days −0.3585 95% CI −0.1609 95% CI

[−1.0163, −0.0364] [−0.7640, 0.0911]
Pain days −1.172 95% CI −0.5312 95% CI

[−2.3883, −0.4544] [−1.8292, 0.4281]
Depression days −1.2446 95% CI −0.5641 95% CI

[−2.67986, −0.4001] [−1.9648, 0.4303]
Anxiety days −1.8392 95% CI −0.7871 95% CI

[−3.6501, −0.6012] [−2.574, 0.9071]
Sleepless days −1.9601 95% CI −0.9154 95% CI

[−3.9854, −0.7217] [−2.8567, 0.8449]
Lack of vitality days 2.2434 95% CI 0.9744 95% CI

[0.6782, 4.5835] [−0.9721, 3.4159]

PS-6 = revised preferences scale.
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and health outcomes, via strain. In the next para
graphs, we discussion the practical and theoretical 
implications of our results and identify future direc
tions for research.

Findings of our study, which was based on a sample of 
healthcare professionals from the U.S. and Australia, make 
several contributions to existing knowledge. By separately 
modeling two dimensions of the PS-6, preferred cognitive 
activities timings and preferences for starting the day, we 
determined that these morningness dimensions have dif
ferential effects on strain. We found that the relationship 
between shift work and strain was moderated by the pre
ferred cognitive activities dimension; however, no such 
moderation occurred for the dimension corresponding to 
preferences for starting the day. These findings suggest that 
employers should go beyond broad categorizations of 
chronotype when attempting to match employees with 
an appropriate shift. Specifically, it is more important to 
know a person’s preferences for cognitive activity (i.e., 
whether it is much earlier than others vs. much later than 
others), rather than knowing how people respond to other 
aspects of morningness (e.g., preference for sleeping- 
eating, whether one considers themselves a morning or 
evening person, etc.) when determining person-job fit.

Further, when plotting the interaction between shift 
and cognitive activity preferences (Figure 1), we 
observed that night workers, in particular, experienced 
more strain when their cognitive preferences were mis
aligned with their shift. This is in contrast to day 

workers, who experienced no differences in strain 
when their preferences for cognitive activity were mis
aligned with their shift. One explanation for the nature 
of the interaction could be found in Olsson et al.’s 
(1990) model of shift work adaptation. According to 
the model, shift work is one of several occupational 
stressors (e.g., lack of autonomy, monotony, time pres
sure) that drain an individual of resources (Olsson et al.  
1990). This model assumes that people consider 
a multitude of occupational stressors in the work envir
onment when appraising their ability to manage work 
stress, and these occupational stressors interact with 
personal characteristics to produce adverse outcomes 
(Olsson et al. 1990). Because work environmental char
acteristics can vary drastically across shifts (Costa 1996), 
it is possible for workers to operate under environmen
tal conditions that compensate for strain depending on 
their schedule. Thus, when a personal factor such as 
preferences for cognitive activity misaligns with one’s 
shift, environmental factors may buffer against strain. 
With regard to our results, this would mean that aspects 
of the environment (e.g., more autonomy, less time 
pressure) may have served to alleviate strain 
among day workers who worked misaligned shifts. 
Night workers, on the other hand, may have had less 
work environmental supports. A future study should 
investigate the degree to which contextual features differ 
among day and night workers, and whether these fea
tures reduce or exacerbate strain.

Table 5. Regression results for job-related outcomes.
Model b SE t R2

WFC predicted by: .34
Constant −.18 .77 −.24
Age −.01 .01 −.86
Nation −.07 .21 −.33
Tenure .03 .01 1.95
Physical job demands .27 .16 1.66
Psychological job demands .37* .15 2.47
Shift .32 .24 1.33
Strain .65*** .16 4.16

Job satisfaction predicted by: .24
Constant 4.04*** .47 8.63
Age .00 .01 .23
Nation −.07 .13 −.55
Tenure .00 .01 .40
Physical job demands .10 .10 1.03
Psychological job demands −.31*** .09 −3.48
Shift .03 .14 .21
Strain −.30** .09 −3.21

Turnover predicted by: .18
Constant 1.57** .56 2.78
Age .00 .01 −.09

Nation .35* .15 2.26
Tenure −.02* .01 −2.17
Physical job demands −.10 .12 −.80
Psychological job demands .30** .11 2.74
Shift −.03 .17 −.15
Strain .09 .11 .78

n = 129. Regression coefficients are unstandardized. 
*p < .05; **p < .01; ***p < .001.
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A similar framework that may inform the role of 
contextual factors important for shift work tolerance is 
the Job Demands-Resource model (JD-R; Demerouti 
et al. 2001). The JD-R model is a theoretical framework 
that occupational health psychology researchers have 
used for decades to better understand how work char
acteristics influence individual performance and well- 
being. It diverges from Olsson et al.’s (1990) model of 
shift work tolerance by emphasizing the psychosocial 
benefits of having support from colleagues at work. 
According to the JD-R model, job resources (e.g., co- 
worker support, supervisor support, job control) are 
aspects of the work environment that facilitate the man
agement of energy and job performance, while job 
demands are aspects of work that drain a person physi
cally and mentally (e.g., doing the actual work, working 
very fast, or doing tasks that require sustained concen
tration). In our study, we controlled for job (i.e., work) 
demands in order to account for variability in the diffi
culty of work among respondents; however, we did not 
assess for job resources, which would serve to increase 
the energy people have at work. Research has found that 

supervisor support, co-worker support, and schedule 
control contribute to the well-being of shift workers 
(Pisarski et al. 1998). Perhaps, differences in job 
resources between shifts can explain why day workers 
with misaligned cognitive preference timings were more 
resistant to strain than night workers in our study.

Shift work did not have a direct effect on work and 
health outcomes. This is consistent with shift work 
tolerance research because exposure to night work 
may not always be a direct indicator of adverse out
comes (Saksvik et al. 2011). Results from our moder
ated-mediation analyses revealed that shift work had an 
indirect effect on work-family conflict, job satisfaction, 
and personal health via strain, and the indirect effect 
was conditional on levels of preferred cognitive activity 
timings. Specifically, when preferences for cognitive 
activity are misaligned for night workers, higher rates 
of strain were reported, and these workers experienced 
worsened personal health and job-related outcomes. To 
strengthen our conclusion, we tested for simple media
tion and found that shift work still had an indirect effect 
on the same work and health outcomes, via strain. Full 

Table 6. Regression results for health-related outcomes using the core CDC health-related 
quality of life measures.

Model b SE t R2

General health predicted by: 0.14
Constant 4.58*** 0.63 7.22
Age −0.02 0.01 −2.22
Nation −0.27 0.17 −1.53
Tenure 0.01 0.01 0.46
Physical job demands 0.15 0.13 1.11
Psychological job demands 0.09 0.12 0.72
Shift −0.24 0.20 −1.24
Strain −0.36** 0.13 −2.80

Physically unhealthy days predicted by: 0.12
Constant −4.96 3.10 −1.60
Age 0.11* 0.05 2.33
Nation −0.56 0.85 −0.66
Tenure −0.05 0.05 −0.84
Physical job demands −0.74 0.66 −1.13
Psychological job demands 0.58 0.59 0.98
Shift 1.42 0.96 1.48
Strain 1.42* 0.63 2.27

Mentally unhealthy days predicted by: 0.21
Constant −8.76* 4.15 -2.11
Age 0.10 0.06 1.67
Nation −2.44* 1.14 −2.14
Tenure −0.09 0.07 −1.24
Physical job demands −0.78 0.88 −0.89
Psychological job demands 1.93* 0.79 2.44
Shift 0.17 1.28 0.13
Strain 2.93* 0.84 3.48

Activity limitation days predicted by: 0.13
Constant −3.72 1.92 −1.93
Age 0.06* 0.03 2.26
Nation −0.25 0.54 −0.46
Tenure −0.02 0.03 −0.50
Physical job demands −0.47 0.41 −1.14
Psychological job demands 0.49 0.37 1.33
Shift 0.91 0.61 1.50
Strain 0.90* 0.39 2.30

n = 129. Regression coefficients are unstandardized. 
*p < .05; **p < .01; ***p < .001.
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results are available from the corresponding author, 
however, in summary, the interpretation remains the 
same and circadian misalignment appreciably impacts 
work and health.

Strengths and limitations

A major contribution of this study is that it is one of the 
few examinations of shift work tolerance and circadian 
misalignment that systematically assesses for moder
ated-mediation. The methodological approach of this 
study aligns with the core principles of models of shift 
work and health (Taylor et al. 1997; Tucker and 
Knowles 2008), and thus, provides empirical support 
for shift work theories at large. This study substantially 

disentangles the mixed results in shift work tolerance 
research by using a measure of morningness (i.e., the 
PS-6) that addresses the criticisms levied against tradi
tional M-E instruments.

Although the present study makes significant contri
butions to the literature, there are some limitations. 
First, the cross-sectional design of the study limits infer
ences of causality. Second, there were unequal propor
tions of day and night shift workers, which means that 
the night workers in our study may not have been 
represented as well as the day workers with respect to 
M-E preferences and other outcomes; therefore, a future 
study should seek to increase the number night workers 
when evaluating the PS-6. Of note, however, to help 
counteract this limitation, we used bias-corrected 

Table 7. Regression results for health-related outcomes using the additional CDC health- 
related quality of life measures.

Model b SE t R2

Pain days predicted by: 0.17
Constant −4.49 3.70 −1.21
Age 0.1187* 0.05 2.19
Nation −1.63 1.02 −1.60
Tenure −0.02 0.07 −0.29
Physical job demands −1.07 0.79 −1.36
Psychological job demands −0.71 0.70 −1.01
Shift −0.23 1.16 −0.20
Strain 2.95*** 0.76 3.90

Depression days predicted by: 0.21
Constant −6.25 4.19 −1.49
Age 0.06 0.06 0.97
Nation −1.66 1.16 −1.44
Tenure 0.00 0.08 0.01
Physical job demands −1.84* 0.89 −2.07
Psychological job demands 2.23** 0.80 2.80
Shift −1.40 1.31 −1.07
Strain 3.13*** 0.86 3.66

Anxiety days predicted by: 0.26
Constant −9.67 4.96 -1.95
Age 0.08 0.07 1.07
Nation −2.78* 1.39 −2.01
Tenure 0.00 0.09 −0.02
Physical job demands −1.65 1.07 −1.55
Psychological job demands 2.25* 0.94 2.38
Shift −0.81 1.56 −0.52
Strain 4.76*** 1.01 4.70

Sleepless days predicted by: 0.22
Constant 2.30 5.89 0.39
Age −0.06 0.09 −0.66
Nation −1.51 1.63 −0.93
Tenure −0.05 0.11 −0.45
Physical job demands −2.26 1.26 −1.78
Psychological job demands 1.18 1.14 1.03
Shift 2.18 1.85 1.18
Strain 4.94*** 1.23 4.03

Lack of Vitality days predicted by: 0.24
Constant 7.55 6.64 1.14
Age 0.04 0.10 0.38
Nation −2.84 1.84 −1.54
Tenure −0.09 0.12 −0.76
Physical job demands −3.24* 1.41 −2.30
Psychological job demands 1.62 1.27 1.28
Shift 3.91 2.07 1.89
Strain 5.70*** 1.36 4.20

n = 129. Regression coefficients are unstandardized. 
*p < .05; **p < .01; ***p < .001.
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bootstrapped confidence intervals to stabilize the inter
pretation of results and minimize the impact of sample 
size differences between shifts (Hayes 2013; Preacher 
et al. 2007). Third, self-report measures are susceptible 
to common method bias, and despite the advantages of 
the PS-6 over contemporary Ctypo instruments, there 
are aspects of it that are worth further consideration. 
One criticism of the PS-6 is that respondents may not be 
able to accurately perceive sleep habits of “most people” 
when comparing themselves to others (Kripke et al.  
2008). The nature of the response scale is susceptible 
to systematic bias which would be difficult to control for 
without having estimates of workers’ perceptions of 
population activity timings. Even though the present 
study uses self-report and cross-sectional data, it uses 
samples from two countries which, notably, provides 
evidence for using the PS-6 among different national
ities in chronobiological and occupational health psy
chological research. Lastly, given that this study used 
subjective data to evaluate the PS-6 among healthcare 
workers, a future study should incorporate objective 
measures of shift work adaptation and health when 
utilizing the PS-6.

These limitations notwithstanding, there are far 
reaching implications. The present analyses lay the 
foundation for future longitudinal research. For 
instance, by utilizing the Centers for Disease Control 
measures of health-related quality of life, the present 
study provides initial support for larger-scale, cross- 
national studies of shift work and health. Given the 
brevity of the PS-6, we propose that it should be 
a frontrunner for additional research in work settings.

Another major strength of the present study lies in the 
sample itself. The current results are based on working 
adults in healthcare settings, which supports the external 
validity of the PS-6 because prior studies with this mea
sure consisted of college students. Healthcare workers 
are consistently challenged by the impact of shift work, 
and because these shifts facilitate the 24-hour care of 
patients, the adverse impact of shift work on employee 
well-being and performance cannot be understated (Lee 
and Lipscomb 2003). The strain and fatigue experienced 
by healthcare professionals during shift work impairs 
their performance (Ganesan et al. 2019), which is why 
patient care and safety standards decline at night (Lee 
and Lipscomb 2003). Compared to other occupations, 
healthcare workers are at greater risk of burnout and 
work-life balance problems than the general population 
(Shanafelt et al. 2012). Thus, our results should be parti
cularly beneficial to healthcare professionals, who are 
more vulnerable to disruptions in their functioning at 
work. For instance, this can inform employee selection 
and placement procedures by having decision-makers 

consider a specific dimension of circadian type in the 
hiring process (e.g., preferences for cognitive activity).

Conclusions

In conclusion, the results of our study support the 
hypotheses that circadian misalignment, as assessed by 
the PS-6, is associated with end-of-day strain at work, 
and the experience of strain mediates the associations 
between circadian misalignment and important work 
and health outcomes. The present findings suggest that 
preferences for cognitive activity plays a significant role 
in healthcare workers’ adaptation to shift work.
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