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Shift work is associated with
extensively disordered sleep,
especially when working nights
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Background: Shift work is generally associated with working and sleeping out of
phase with the endogenous, circadian sleep—wake cycle. This exerts detrimental
effects on sleep health. The present study aimed at evaluating the presence of
short and long sleep as well as sleep disorders within a broad range of shift work
schedules and elucidating the role of sociodemographic factors therein.

Methods: A large dataset containing information on sleep was collected through
advertisement in a Belgium newspaper (De Standaard). Adult, working individuals
were selected (n = 37,662) and categorized based on their work schedule (regular
day, early morning, evening, night, and rotating shift). In this cross-sectional
study, prevalence rates of short sleep (<6 h), long sleep (>9 h) and sleep disorders
(screened with Holland Sleep Disorders Questionnaire), and associations
between these sleep variables and sociodemographics (age, sex, education, living
companion(s)) were analyzed using binominal logistic regression analyses.

Results: In the total sample all sociodemographic factors affected prevalences of
short, long and disordered sleep, consistent with previous studies. Compared to
day workers, shift workers more frequently reported short sleep, most prominently
night workers (26 vs. 50%) (p<0.001). Furthermore, all sleep disorders as well
as sleep disorder comorbidity were more common in shift workers, again most
pronounced in night workers (all p<0.05). In night shift workers the level of
education had the strongest associations with disturbed sleep with a two-fold
higher prevalence of short and disordered sleep in low relative to academic
educated groups (all p <0.02).

Conclusion: Shift work is related not only to curtailed sleep and shift work
disorder, but also to a plethora of sleep disorders, including insomnia, sleep-
related breathing disorders and sleep-related movement disorders. Our findings
imply that education on coping strategies may be especially important for young
and/or lower educated shift workers.
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work schedule, short/long sleep, sleep disorders, sleep disorder comorbidity,
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1. Introduction

Sufficient and good quality sleep is critical to daytime functioning,
physical and mental health. Lower sleep quality and/or shorter sleep
duration are associated with diminished neurocognitive functions
such as attention, memory and academic performance (1, 2). Both
short sleep and poor sleep quality pose a risk for physical conditions
like obesity, cardiovascular diseases and type 2 diabetes (3, 4). Though
less often studied, long sleep duration is also associated with negative
health outcomes, such as infectious and incident cardiovascular
diseases (5, 6) and poorer cognitive functioning (7). With respect to
mental health, disturbed sleep increases the risk for mood-, anxiety-
and substance abuse-disorders, worsen daytime symptoms and
impede remission of these mental diseases (8-11). In view of its
overall importance, good sleep health is thus a major public
health concern.

To assess sleep health, Buysse (12) proposed five quantifiable
aspects of sleep, each clearly related to neurobehavioral, physical and
mental well-being: sleep duration (total amount of sleep per 24h),
sleep efficiency (ease of falling and returning to sleep), sleep timing
(sleep placement within the 24h day), satisfaction with sleep
(subjective sleep quality) and alertness (ability to maintain attentive
wakefulness). A societal factor consistently interfering with sleep
health is shift work, a situation where the behavioral sleep-wake
schedule is out of phase with the endogenous, circadian sleep-wake
rhythm and where additionally light exposure and feeding occur at
non-optimal times of the day (13). A wealth of studies demonstrated
that being forced to sleep in the biological day, during which the
circadian system increasingly promotes wakefulness, is associated
with problems falling and maintaining sleep and curtailed sleep (14-
16). Concomitantly, having to work in the biological night, during
which the circadian wake-promoting signal rapidly dissipates, is
associated with higher levels of fatigue, sleepiness, performance
impairments and accident-proneness (15, 17, 18). In about 27% of
shift workers the sleep problems evolve into a shift work disorder
(SWD) (19), a circadian rhythm sleep-wake disorder characterized by
symptoms of insomnia, excessive sleepiness or both with a broad
range of severe health consequences (20, 21). The significance of the
disruptive effects of shift work is stressed by the fact that a considerable
and rising number of people are working in shifts. For instance in
2010, 17% of all workers in the European Union were engaged in shift
work and in 2015 the proportion had increased to 21% (22). Although
underlying mechanisms have not been fully elucidated, the impact of
shift work varies greatly between persons. This may be due to
individual characteristics. For example, early chronotypes, so-called
morning-types, appear sleepier during night shift hours than
non-early chronotypes (23). Another example is the finding that
tolerance to shift work differs between persons as a function of sleep
quality (24). Variations in the impact of shiftwork may also
be associated with work-related factors, such as permanent night shift
workers sleeping consistently shorter than those in other shift types
(25, 26). In spite of the large amount of studies on the effects of shift
work on sleep quantity and quality, relatively little is known about the
relation between work schedule and the presence of sleep disorders.
A recent study found that a group of shift workers, compared to day
workers, not only had a higher prevalence of SWD symptoms, but also
of other, often comorbid, sleep disorders like insomnia, hypersomnia
and sleep-related movement disorder, which was particularly strong
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for younger and single shift workers (27). Thus, shift work seems to
provoke substantial sleep-wake disturbances.

The present study aimed to investigate the relation between a broad
range of different shift work types (day, early morning, evening, night
and rotating shift), the estimated presence of (co-occurring) sleep
disorders and the influence of sociodemographic factors thereon. This
study made use of a large dataset obtained from Belgian readers of a
national newspaper who completed a screener for sleep disorders, the
Holland Sleep Disorders Questionnaire (HSDQ), and provided
sociodemographic information. Specifically, the estimated presence of
short sleep duration (<6h), long sleep duration (>9h) and the six main
groups of ICSD-defined sleep disorders (International Classification of
Sleep Disorders, (28)) was assessed in the working population subdivided
by sex, age, education level, living companions, and work schedule.

2. Methods
2.1. Procedure and study population

Participants were recruited via an advertisement on February 17th
2016 in a national Belgian newspaper, “De Standaard” (29). This
newspaper is written in the Dutch language. The advertisement
included a link to the online informed consent form and the
questionnaires. The questionnaires consisted of demographic
questions, the HSDQ, and some questions about sleep habits (bedtime,
sleep duration). For the present study, respondents (n=>50,064) were
only included if they were adult (>18years of age) and had a job
working “regular day shift,” “regular early morning shift,” “regular
evening shift,” “regular night shift” or “rotating shifts” (see Figure 1).
The final sample consists of 37,662 participants and there were no
missing data. This cross-sectional study presents point prevalence of
short sleep duration, long sleep duration and six types of sleep
disorders in the total sample and in subgroups based on demographic-
factors. Additional analyses within the specific shift work groups into
associations of the demographic variables were performed for three
outcome variables known to be strongly affected by shift work, namely
short sleep duration, presence of a sleep disorder and the presence of
a circadian rhythm sleep wake disorder.

Respondents
N = 50064
Younger than 18 years
> N=1702

Adult respondents

N =48362
| > Unemployed/retired
N =10700
Total sample
N = 37662

FIGURE 1
Flow chart representing the inclusion of participants in the study.
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2.2. Demographic characteristics

Participants were asked to report their sex (male or female) and
age. The age of the participants was categorized as younger than
30vyears, between 30 and 50 years and older than 50 years. For the level
of education participants could choose between elementary school,
secondary school at lower level, secondary school at higher level,
vocational training, university of applied sciences, and university. In
the analyses, secondary school at low and higher level were grouped
together as secondary education, and university of applied sciences
and university as academic education. Participants were subdivided
according to their work schedule (either regular day-, early morning-,
evening-, night- or rotating-shifts). Concerning living companions,
participants were asked to indicate whether they lived alone, with a
partner, with children under the age of three, with children over three
years old, with parents, with friend(s) and/or roommate(s). In the
analyses, the living companions were grouped together in the
following five categories: alone, with partner, alone with children, with
partner and children, and with other(s).

2.3. Measurements

The Holland Sleep Disorders Questionnaire (HSDQ) is a 32-item
questionnaire aimed at screening for the six main categories of the
ICSD -defined (30) sleep disorders: insomnia, sleep-related breathing
disorders (SBD), hypersomnia, parasomnia, circadian rhythm sleep-
wake disorders (CRSWD), and sleep-related movement disorders
(SRMD). Table 1 provides a brief description of these groups of sleep
disorders. The HSDQ has been validated in a sample of the Dutch
general population and has good psychometric properties (31). Items
are scored on a 5-point Likert-scale (1 “never” to 5 “almost always”),
whereby participants indicated to what extent an item applied to them
in the last 3 months. For each participant the mean item score per
sleep disorder subscale was calculated and compared to previously
determined cut-off scores (insomnia: 3.68, SBD: 2.87, hypersomnia:
2.90, parasomnia: 2.42, CRSWD: 3.41, SRMD: 2.70). In addition, the
total number of subscales scored above cut-off was used to calculate
the suspected number of (comorbid) sleep disorders.

Participants were asked to estimate the average duration they slept
per 24h. A binary variable, short sleep, was made differentiating those
that slept six or less hours. A second binary variable was computed for
long sleep, differentiating individuals sleeping nine of more hours.

TABLE 1 Description of sleep disorder categories according to the ICSD-3.

10.3389/fpsyt.2023.1233640

2.4. Statistical analysis

Means and standard deviations for age and total sleep time were
calculated. Statistical analyses were performed using SPSS software
(IBM SPSS statistics 26). Distribution (% of the total population) of
demographic and sleep parameters (presence of short, or long
sleep duration and/or sleep disorders) were determined across the
study sample. The prevalence with 95% confidence interval
(CI=p+1.96* \/((p*(l-p))/n), where p=point prevalence, and
n =sample size) of sleep disorders as indicated by the HSDQ were
assessed using cross-tables. Differences in the prevalence rates of
sleep disorders between the different demographic categories were
determined with chi-square tests. A Bonferroni correction was
applied to the reported p-values to correct for multiple testing, and
a value <0.05 was considered statistically significant. To express the
size of the effects, prevalence ratio’s (PRs) (sample prevalence rate/
referent prevalent rate) were provided. Five subsamples were
formed to compare and analyze the associations of sleep parameters
and demographic factors within those working day (n=32,468),
early morning (n=434), evening (n=>507), night (n=186), and
rotating (n=4,067) shifts, respectively. In all subsamples, three
binominal logistic regression analyses were performed with the
presence of short sleep duration, a sleep disorder, and/or CRSWD
as dependent variable, and sex, age, education, and living condition
as independent variables. The male sex, an age below 30, an
academic education and living alone were used as the indicator
(referent) variables in these regression analyses. Alpha <0.05 was
used to indicate statistical significance. PRs with 95% confidence
intervals were calculated (e'N®M+1.96 * \(1/a+1/b+1/c+1/d),
where PR =prevalence ratio, and a,b,c,d represent the cells of the
cross-table) for each comparison.

3. Results
3.1. Study population

The average age of the final sample was 40.1+12.0years. The
majority of the study population was female (59.4%), between 30 and
50years old (49.0%), received an academic education (58.7%),
performed daytime work (86.2%) and was living with partner and
children (39.5%). On average the participants slept 6.97+1.02h
per 24h.

Sleep disorder group Brief description

Insomnia disorder

Persistent (>3 months) and frequent (>3 nights a week) difficulty initiating and/or maintaining sleep, resulting in daytime impairment.

Sleep breathing disorders (SBD)

Frequent (obstructive) respiratory events during sleep, associated with clinically relevant symptoms and/or diseases.

Hypersomnia

Excessive daytime sleepiness not explained by other sleep disorders.

Parasomnia

sleep and wake.

Undesirable behaviors or experiences during non-rapid eye movement (non-REM) sleep, REM sleep, or while transitioning between

Circadian rhythm sleep-wake

disorders (CRSWD) light-dark cycle.

Symptoms of insomnia and daytime impairment due to a misalignment between one’s endogenous sleep-wake rhythm and the external

Sleep-related movement disorders
(SRMD)

Restless legs syndrome (RLS): unpleasant sensations in the legs paired with a strong urge to move the legs. Symptoms are worse at rest
and during the evening/night and cause sleep disturbances and/or daytime impairments. Periodic Limb Movements during sleep

(PLMD): involves sleep disruptive repetitive movements of the limbs.
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3.2. Prevalence of sleep disorders

About a quarter of the population reported short (<6h) sleep
duration (Table 2; Supplementary Table S1.1) and about 5 percent long
(>9h) sleep duration. The average sleep time for those with normal sleep
duration was 7.46 £ 0.63 h, for those with short sleep duration 5.66+0.63,
and for those with a long sleep duration 9.00+ 0.00h. Approximately
one third of the total sample scored positive on at least one sleep disorder
subscale of the HSDQ, most frequently insomnia, closely followed by
SRMD and CRSWD. Comorbid sleep disorders were also common;
12.6% screened positive for two or more sleep disorders.

A significantly larger proportion of males than females reported
short sleep duration (p <0.01), and a smaller proportion long sleep
duration (p <0.01). All sleep disorders were more common in females
(insomnia p <0.01; hypersomnia p <0.01; parasomnia p <0.01;
CRSWD p <0.05; SRMD p <0.05), with the marked exception of SBD
(p <0.01). Comorbidity of sleep disorders was slightly higher in females
(>2 sleep disorders p <0.01). With increasing age the prevalence of
short sleep duration (p <0.01) and SBD (p <0.01) clearly increased. In
contrast, long sleep duration (p <0.01), insomnia (p <0.05),
hypersomnia (p <0.01), parasomnia (p <0.01) and CRSWD (p <0.01),
as well as sleep disorder comorbidity (p <0.01) occurred most
frequently in the youngest age group. Looking at education level, having
a lower education (elementary or secondary) was associated with a
significantly higher prevalence of both short (p <0.01) and long
(p <0.05) sleep duration, all sleep disorder categories (insomnia
p <0.01; SBD p <0.01; hypersomnia p <0.01; parasomnia p <0.05;
CRSWD p <0.01; SRMD p <0.01) and comorbidity thereof (>2 sleep
disorders p <0.01). Concerning living companions, living alone, living
alone with children and/or with other(s) were generally related a higher
occurrence of short sleep (p <0.01) and all sleep disorders, except for
parasomnia and SBD (insomnia p <0.01; SBD p <0.05; hypersomnia
p <0.01; parasomnia p <0.01; CRSWD p <0.01; SRMD p <0.05). Also
the proportion of people exhibiting comorbid sleep disorders (>2 sleep
disorders p <0.01) was highest in these groups. In contrast, the
prevalence of long sleep duration was highest in those living without
children (p <0.01). Regarding work schedules, about a quarter of the
regular day and evening workers reported short sleep duration, yet the
proportion was significantly higher (up to 49.5%) in those working
early morning, night or rotating shifts (p <0.01). Long sleep duration
was more prevalent in those working evening shifts than in all other
groups (p <0.01). In day workers the most common sleep disorders
were insomnia and SRMD, both occurred in about 12% of the
population. All sleep disorders were more prevalent in those working
on other work schedules, most strikingly insomnia, hypersomnia and
CRSWD (insomnia p <0.05; SBD p <0.05; hypersomnia p <0.01;
parasomnia p <0.05; CRSWD p <0.01; SRMD p <0.05). Of note, in the
early morning shift CRSWD was only marginally increased, while all
sleep disorders and sleep disorder comorbidity (>2 sleep disorders
P <0.01) were most prevalent in the night shift workers; 51.1% of this
group reported at least one sleep disorder and 26.3% at least two.

3.3. Short sleep duration within different
work schedules

Independent of the type of work schedule, a larger percentage of
men reported short sleep duration than women (Table 3;
Supplementary Table S2.1). Although PRs were comparable, this effect
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only reached statistical significance in day, early morning and rotating
shifts (day p <0.05; early p <0.05; evening p =0.341; night p =0.172;
rotating p <0.001). In general, increasing age was associated with a
higher prevalence of short sleep (day p <0.05; early p <0.05; evening
P <0.05; night p =0.168; rotating p <0.001). The effect was slightly less
pronounced in the early morning and night shifts (PR 1.26-1.31 vs.
1.7-1.9 in the other groups). For education, short sleep duration was
more commonly reported by those with a lower education level in all
work schedules (day p <0.001; early p <0.001; evening p <0.05; night
p <0.05; rotating p <0.001). In particular, those with only primary or
secondary school significantly more often reported short sleep
duration, with the PR being highest in early morning and night shifts.
The influence of living companions is relatively small. Only in the day
and rotation shift workers a significant association was found, with
those living alone (with or without children) more frequently
reporting short sleep than those living with a partner (day p <0.001;
early p =0.494; evening p =0.355; night p <0.05; rotating p <0.001).

3.4. Prevalence of any sleep disorder within
different work schedules

The proportion of females having a sleep disorder generally
exceeded that of men, with the exception of the early morning and
evening shift (Table 4; Supplementary Table S2.2) (day p <0.001; early
p =0.633; evening p =0.785; night p =0.065; rotating p <0.05).
Although prevalence rates were comparable in the day and night shift
group, it did not reach statistical significance in the latter. Concerning
age, in all work schedules those younger than 30 more frequently had
a sleep disorder than the older age groups, with statistical significance
in the day, evening and rotating shift workers (day p <0.001; early
p =0.681; evening p <0.05; night p =0.715; rotating p <0.05). In nearly
all work schedules the rate of sleep disorders increased with lower
education levels (significant in day, early, evening and rotating shifts)
(day p <0.001; early p <0.05; evening p <0.05; night p =0.696; rotating
p <0.001). Merely in the night workers the prevalence of a sleep
disorder was comparably high, independent of educational level.
Finally, living alone or with other(s) generally tended to be associated
with the highest occurrence of sleep disorders, although statistical
significance was seldom reached (day p <0.001; early p =0.785;
evening p =0.155; night p =0.656; rotating p <0.01). More than half
of the evening-, night- and rotating shift workers living alone or with
others were estimated to suffer from disordered sleep.

3.5. Prevalence of a circadian rhythm
sleep—wake disorder within different work
schedules

Females more frequently scored on CRSWD than males in the
regular day, early morning and night shift, with statistical significance
being reached in the day shift (Table 5; Supplementary Table 52.3) (day
P <0.001; early p =0.259; evening p =0.296; night p =0.210; rotating
p =0.587). In the rotating shift workers no sex difference was implied by
the PRs. Rather independent of work schedule, CRSWD was most
prevalent in the youngest age group (day p <0.001; early p =0.083;
evening p <0.05; night p =0.227; rotating p <0.01). Surprisingly, in the
night workers no difference was observed between the youngest and
oldest age groups. In the day workers, there was a strong effect of
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TABLE 2 Percentage (95% CI) of the total sample with short sleep duration, long sleep duration and sleep disorders, differentiated by sex, age, education, living companion(s) and work schedule.

<6hofsleep >9h of sleep >1 sleep >2 sleep Insomnia Hypersomnia = Parasomnia CRSWD
disorders disorders
Total population 27.5 53 333 12,6 12.8 5.9 6.4 5.1 9.4 12.6
(n=37,662) (27.0-28.0) (5.1-5.5) (32.8-33.8) (12.3-12.9) (12.5-13.1) (5.7-6.1) (6.2-6.6) (4.9-5.3) (9.1-9.7) (12.3-12.9)
Sex
Males 309 40 304 11.0 10.1 8.3 48 3.4 8.7 115
(n=15,279) (30.2-31.6) (3.7-4.3) (29.7-31.1) (10.5-11.5) (9.6-10.6) (7.9-8.7) (4.5-5.1) (3.1-3.7) (8.3-9.1) (11.0-12.0)
Females 25.1 6.3 353 13.8 14.6 43 7.4 6.3 9.8 13.4
(n=22,383) (24.5-25.7) (6.0-6.6) (34.7-35.9) (13.3-14.3) (14.1-15.1) (4.0-4.6) (7.1-7.7) (6.0-6.6) (9.4-10.2) (13.0-13.8)
Age
< 30years 20.1 7.8 38.8 16.8 15.1 33 9.0 9.1 14.4 13.4
(n=9,146) (19.3-20.9) (7.3-8.3) (37.8-39.8) (16.0-17.6) (14.4-15.8) (2.9-3.7) (8.4-9.6) (8.5-9.7) (13.7-15.1) (12.7-14.1)
30-50 years 26.5 47 311 10.7 12.4 55 5.4 45 7.6 116
(n=18,450) (25.9-27.1) (4.4-5.0) (30.4-31.8) (10.3-11.1) (11.9-12.9) (5.2-5.8) (5.1-5.7) (4.2-4.8) (7.2-8.0) (11.1-12.1)
> 50years 36.0 42 322 125 114 9.1 5.7 28 8.0 14.0
(n=10,066) (35.1-36.9) (3.8-4.6) (31.3-33.1) (11.9-13.1) (10.8-12.0) (8.5-9.7) (5.2-6.2) (2.5-3.1) (7.5-8.5) (13.3-14.7)
Education
Academic 23.7 53 29.7 10.2 11.2 48 5.1 48 7.8 10.8
(n=22,119) (23.1-24.3) (4.9-5.5) (29.1-30.3) (9.8-10.6) (10.8-11.6) (4.5-5.1) (4.8-5.4) (4.5-5.1) (7.4-8.2) (10.4-11.2)
Vocational 29.6 5.1 347 13.4 13.8 6.5 6.8 49 9.3 133
(n=9,000) (28.7-30.5) (4.6-5.6) (33.7-35.7) (12.7-14.1) (13.1-14.5) (6.0-7.0) (6.3-7.3) (4.5-5.3) (8.7-9.9) (12.6-14.0)
Secondary 369 6.0 432 19.8 17.0 8.8 10.1 6.8 14.6 17.8
(n=6,401) (35.7-38.1) (5.4-6.6) (42.0-44.4) (18.8-20.8) (16.1-17.9) (8.1-9.5) (9.4-10.8) (6.2-7.4) (13.7-15.5) (16.9-18.7)
Elementary 46.5 7.0 52.8 225 183 155 10.6 8.5 183 225
(n=142) (38.3-54.7) (2.8-11.2) (44.6-61.0) (15.6-29.4) (11.9-24.7) (9.5-21.5) (5.5-15.7) (3.9-13.1) (11.9-24.7) (15.6-29.4)
Living companion(s)
Alone 329 6.0 359 155 15.1 6.3 7.0 59 135 12.3
(n=4,705) (31.6-34.2) (5.3-6.7) (34.5-37.3) (14.5-16.5) (14.1-16.1) (5.6-7.0) (6.3-7.7) (5.2-6.6) (12.5-14.5) (11.4-13.2)
With partner 237 5.9 343 125 118 6.4 5.6 6.0 8.9 14.1
(n=10,663) (22.9-24.5) (5.5-6.3) (33.4-35.2) (11.9-13.1) (11.2-12.4) (5.9-6.9) (5.2-6.0) (5.5-6.5) (8.4-9.4) (13.4-14.8)
Alone with 353 4.1 337 12.2 13.4 6.9 7.3 43 8.0 12.1
kid(s) (n=2041) (33.2-37.4) (3.2-5.0) (31.6-35.8) (10.8-13.6) (11.9-14.9) (5.8-8.0) (6.2-8.4) (3.4-5.2) (6.8-9.2) (10.7-13.5)
With partner 28.1 3.9 292 9.8 113 6.0 55 32 6.0 115
and kid(s) (27.4-28.8) (3.6-4.2) (28.5-29.9) (9.3-10.3) (10.8-11.8) (5.6-6.4) (5.1-5.9) (2.9-3.5) (5.6-6.4) (11.0-12.0)
(n=14,895)
(Continued)
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education level, with a lower education being associated with higher
< @ S & < B prevalence of CRSWD. The early, evening and rotating shift workers
~N o~ - =N =] 9 = 9 0 o~
S & gl E 4 f 4 d E R demonstrated a similar pattern, yet only significant in the rotating shift
o — — — o <+
=3 =t = =4 =t o (day p <0.001; early p =0.180; evening p =0.131; night p =0.806; rotating
p <0.01). Within the night shift sample no effects of education were
observed, with relatively high prevalence rates at all education levels.
g - 2 = i 2 - 2 - 2 With the exception of the early morning shift, those living alone and with
- e N - - o Nl T
Z S 4 2 2‘ - 1] ﬁ I h 24 other(s) had the highest occurrence of CRSWD. These effects reached
sl 5 el el
o = - = < < = significance in the day, early, evening and rotating shifts (day p <0.001;
early p <0.05; evening p <0.05; night p =0.084; rotating p <0.001).
i0
c ~
€ @ = o <Q 2 N
=N e} =N x|~ g N . .
2  ERYEEE RN SRR 4. Discussion
© S ) ) %) g S
©
a
This study in a large sample of Belgian newspaper readers, confirmed
© previous findings (32) that there is a significant association between shift
g = = ~ ~ = = work and sleep problems. In the present study, this is expressed in both
! (3N = - S 5
9 o =2 e I R - Sz curtailed sleep duration and a high prevalence of estimated sleep
o 54 = = a . . e .
g ) v < < S =z disorders as well as sleep disorder comorbidity in all types of alternative
= 2 work schedules, including early morning and evening shifts. The results
e implicate that regular night shift is by far the most debilitating condition
g at least concerning sleep; approximately half of the night workers
— —~ < ~ I ~ £ s
) S N > ) « 3 reported short sleep (<6h), 51% scored positive on at least one slee]
~ o B o N % X, o o P P P P
a ;': o 2' A I :‘ Y i z disorder, and 26% on two or more sleep disorders. An exception was long
~ ~ ° — e ~| & . . . . .
B sleep duration, which was most prevalent in evening shift workers (12%).
E Several of the investigated sociodemographic factors influenced shift
- hy work-induced disordered sleep. The most prominent associations were
c 3 N = N < @ 5 found for the level of education; prevalence ratios of short sleep and one
I ® Q= Y g ¥ a oo % = e . . .
) S & a8 L s L 2d e d g or more sleep disorders all increased about two-fold between the highest
wn — sl < < <
E = = = = = = g (academic) and lowest (elementary) education level.
=
=
o ¢ e e a & =2 4.1. Regular day shift
8 % n 2 « % a8 &% «d o5 F
< 5 ERE S 1= b2l 8Ll 548
t/\\lI 0 ©~ = i © S x é The influence of sociodemographic factors on sleep disturbances
° ) in the day workers followed similar patterns to those previously
e described in general populations. In both the current and earlier
o v g studies, being female was related to a higher risk of having a sleep
3] @ 2 < = @ g 0 i i
§ 2 I IR IEE IR TR disorder (except for SBD), while women less often reported short sleep
“ o IS e Fg o Fa 3oz duration (33-36). As is typically reported, short sleep becomes more
(%] - o . . . . . .
A5 o < < < < S ks common with increasing age (33-36). Yet consistent with previous
;g findings, the prevalence of disordered sleep reduced with age, which
a 2 was most prominently seen in the category of CRSWD (33, 36). Both
=
§ . . . = = | E sex and age were associated with short sleep duration and sleep
) N A ? ] — )
- - % o Y e g 2T o8 o ’§< disorders, but in opposite directions (being female and older is
[¢) © R I S T I T B R T . . . .
< = N < * o e 7 associated with lower short sleep, but higher sleep disorder
A % occurrence). This underlines the notion that total sleep duration is
-‘g one, but not the only aspect of healthy sleep (12).
ol 3 Also consistent with previous findings, the level of education had
g 3 2 o ) 5 @ 3 - . .
% R m € w% % w8 oM a major impact on sleep, with both short sleep and sleep disorders
o K :' ] :? @ g' S 4 2 2' 3 ﬁl & being more common in lower educated individuals (37). The
o < < < < < S association with living-companionship was less straight forward across
§ Vi j; sleep measures, however, a general trend was that living alone (without
£ = = partner and/or children) had negative consequences for sleep health. It
c ) — a ot
S 3 , & 2 3 is possible that those living alone receive less social pressure to maintain
= S| S Il <5
~ 2 2|5 E 2 g & P 8 ;f strict circadian patterns of behavior, which may impair their sleep
w 5 < = S z B = s < . . . . . .
E:al £103 § T EL 2 ;; L z hygiene practices. Alternatively, this group may receive less social
= o (familial) support, which has been shown to reduce sleep health (38).
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TABLE 3 Prevalence and prevalence ratios of short (<6 h) sleep duration in day, early morning, evening, night and rotating shift subsamples
differentiated by sex, age, education and living companion (s).

Day shift Early shift Evening shift Night shift Rotating shift
% PR (95% % PR (95% % PR (95% % PR (95% % PR (95%
Cl) Cl) Cl) Cl) Cl)
Sex
Male 29.5 1 51.2 1 27.0 1 57.1 1 38.7 1
0.82 (0.77- 0.77 (0.39- 0.88 (0.47- 0.80 (0.18— 0.79 (0.66—
Female 24.2 39.6 23.8 45.5 30.5
0.87)%* 1.15)* 1.29) 1.41) 0.92)%**
Age
< 30years 18.7 1 41.3 1 20.1 1 39.1 1 26.3 1
1.36 (1.29- 1.01 (0.52- 1.07 (0.56— 1.29 (0.36- 1.31 (1.15-
30-50years 25.4 41.6 21.6 50.6 34.4
1.43)%* 1.49) 1.59) 2.23) 1.47)%*
1.86 (1.78— 1.26 (0.76— 1.75 (1.23- 131 (0.36— 1.65 (1.47-
> 50years 34.7 52.0 35.2 51.4 43.3
1.93)%* 1.76) 2.28)% 2.27) 1.82)%*
Education
Academic 23.2 1 31.3 1 23.9 1 36.4 1 29.2 1
1.24 (1.18- 1.21 (0.65- 0.85 (0.26- 1.27 (0.50- 1.19 (1.02-
Vocational 28.7 38.0 20.2 46.1 347
1.30)%* 1.78) 1.43) 2.03) 1.35)%
1.51 (1.45- 1.81 (1.34- 1.23 (0.75- 1.73 (0.93- 1.37 (1.22-
Secondary 35.1 56.6 29.3 62.9 40.0
1.58)** 2.27)%* 1.71)* 2.53)%* 1.52)%*
1.87 (1.47- 1.64 (0.85-
Elementary * 434 48.0
2.27)%* 2.44)
Living companion(s)
Alone 31.7 1 449 1 24.7 1 50.0 1 40.8 1
0.73 (0.64- 0.89 (0.30- 0.91 (0.29- 0.86 (~0.10— 0.66 (0.45-
With partner 23.0 40.3 22.6 42.9 27.1
0.81)%* 1.50) 1.54) 1.81) 0.88)
Alone with 1.07 (0.95- 1.16 (0.22— 1.65 (0.74— 1.10 (0.76—
339 52.2 40.7 44.8
kid(s)® 1.19) 2.11) 2.55) 1.43)
With partner and 0.85 (0.77- 1.01 (0.44- 1.13 (0.53- 1.04 (0.15- 0.92 (0.72-
26.9 45.5 27.8 52.1 37.6
kid(s) 0.93)* 1.59) 1.72) 1.94) 1.12)
0.75 (0.65- 1.11 (0.46- 0.83 (0.15- 0.96 (=0.17- 0.75 (0.53-
Other(s) 23.7 50.0 20.4 47.8 30.7
0.84)%* 1.76) 1.51) 2.08) 0.97)

‘Low number of cases in the category of the early, evening and/or night shift subgroups (n<20). *p <0.05, ** p<0.01. PR = prevalence ratio (calculated against indicator). Binominal logistic

regression results in Supplementary Table S2.1.

4.2. Regular night shift

The sample included a considerable group of fixed night shift
workers (1 =186). A strikingly large proportion of this group reported
short sleep duration (50%), and scored positive on the sleep disorders
insomnia (20%), CRSWD (25%) and/or SRMD (23%). Compared to
other types of shift work, night shift is associated with the largest
change in sleep-wake timing. It is well-known that the circadian
system resists the shift from a day- to a night-schedule and requires
long lasting, consistent exposure to the altered sleep-wake and a
matching light-dark schedule (21). It is estimated that merely 25% of
the people adapt to night work (39). This is among others related to
the fact that most night workers live in a day-oriented society (not in
an isolated environment facilitating circadian adaptation), have
domestic responsibilities, also during working days, and return to a
relatively normal sleep-wake pattern on days off. Thus, particularly in
fixed night workers there is an enduring, large misalignment between
their endogenous and work-related sleep-wake schedule, negatively

Frontiers in Psychiatry

affecting sleep and many other health-related processes (21). The high
prevalence of curtailed sleep and the different sleep disorders are in
line with previous findings in shift workers [e.g., (25-27, 40)]. With
regards to the prevalence of short sleep, insomnia and CRSWD, they
are likely interrelated and might, at least partially, reflect the presence
of SWD. That shift work-induced disordered sleep can be very
persistent appears from a recent study demonstrating that night shift
work is strongly associated with insomnia and daytime sleepiness even
in the years after cessation of night work (41). The finding that also
SRMD is rather common in night workers is in line with the literature
[e.g., (27, 40)]. Underlying mechanisms are still unknown. There are
implications that the SRMD restless legs syndrome (RLS) is associated
with SWD. For instance, Waage and colleagues found in a sample of
nurses that the prevalence of RLS was comparable in different shift
work schedules, but was significantly higher in the nurses having
SWD than in those without (42). The authors suggest that having one
shift work-associated sleep disorder might increase the vulnerability
to experience other sleep problems related to their work schedule.
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TABLE 4 Prevalence and prevalence ratios of at least one sleep disorder in day, early, evening, night and rotating shift subsamples differentiated by sex,
age, education and living companion (s).

Day shift Early shift Evening shift Night shift Rotating shift
% PR (95% % PR (95% % PR (95% % PR (95% % PR (95%
Cl) Cl) Cl) Cl) Cl)
Sex
Male 28.4 1 42.5 1 429 1 46.0 1 42.3 1
1.19 (1.14- 0.94 (0.56— 1.00 (0.64- 1.17 (0.56- 1.09 (0.96-
Female 33.7 40.1 42.8 53.7 46.0
1.23)%* 1.33) 1.36) 1.78) 1.21)*
Age
< 30years 36.4 1 45.0 1 51.7 1 56.5 1 49.9 1
0.82 (0.76— 0.91 (0.43- 0.83 (0.41- 0.84 (—0.09- 0.83 (0.68-
30-50years 29.7 41.0 42.7 47.2 41.3
0.87)%* 1.40) 1.25) 1.76) 0.97)*
0.84 (0.78- 0.86 (0.36— 0.65 (0.18— 0.96 (0.01- 0.85 (0.69—
> 50 years 30.7 38.8 33.8 54.1 42.6
0.91)** 1.36) 1.12)* 1.90) 1.02)
Education
Academic 28.5 1 36.7 1 37.0 1 50.0 1 40.5 1
1.16 (1.10- 0.89 (0.32— 1.37 (0.89- 1.03 (0.28- 1.12 (0.96-
Vocational 33 32.6 50.6 51.3 45.2
1.21)%* 1.45) 1.85)* 1.77) 1.27)
1.45 (1.38- 1.28 (0.82- 1.38 (0.94— 0.97 (0.20— 1.22 (1.07-
Secondary 41.3 46.8 50.9 48.4 49.3
L51)%* 1.73) 1.81)* 1.74) 1.36)%*
1.70 (1.31- 1.38 (0.59-
Elementary * 48.5 56.0
2.10)%* 2.18)%*
Living companion(s)
Alone 33.3 1 36.2 1 50.6 1 61.5 1 50.3 1
0.99 (0.91- 1.21 (0.60- 0.85 (0.32— 0.83 (—0.14- 0.85 (0.65—
With partner 32.9 43.7 43.1 51.0 42.6
1.07) 1.82) 1.39) 1.80) 1.05)**
Alone with 0.98 (0.86— 1.08 (0.11- 0.88 (0.01- 0.84 (0.51—
32.5 39.1 44.4 42.5
kid(s)® 1.09) 2.05) 1.74) 1.18)
With partner and 0.84 (0.76- 1.10 (0.51- 0.63 (0.09- 0.78 (=0.13- 0.79 (0.59-
27.9 40.0 31.8 47.9 39.5
kid(s) 0.91)%* 1.70) 1.17)* 1.69) 0.98)**
1.13 (1.04- 1.24 (0.58- 1.02 (0.45- 0.99 (-0.16- 1.01 (0.80-
Other(s) 37.7 44.9 51.5 60.9 50.8
1.22)* 1.90) 1.59) 2.14) 1.22)

*Low number of cases in the category in the early, evening and/or night shift subgroups (1< 20). *p<0.05, **p <0.01. PR=prevalence ratio (calculated against indicator). Binominal logistic

regression results in Supplementary Table 52.2.

Alternatively, shift work is a risk factor for adverse mental health
consequences, particularly depressive symptoms. Meta-analyses
demonstrated a 33% increase for depressive symptoms among shift
workers (43) and a 42% increase for depression in night workers (44).
Various antidepressants trigger and aggravate SRMD (45). Yet, studies
on the use of psychiatric medication in shift workers are inconclusive
(46, 47).

In contrast to earlier studies (27, 40), we found a significant
doubling of estimated SBD in the night compared to day workers. At
this point, an explanation for this discrepancy remains elusive. Yet, a
polysomnographic study in shift workers with obstructive sleep apnea
syndrome found that the apnea-hypopnea index (AHI) is significantly
higher during sleep scheduled in the day time than during night time
(48). The increase in obstructive sleep apnea severity may be related
to the high occurrence of respiratory events during rapid eye
movement (REM) sleep, a sleep state that occurs most during the
biological morning, a time of day during which night shift workers are
typically sleeping (49).
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Within night workers, sex, age and living companions had a
relatively minor association with the already very prevalent short sleep
duration. Especially the absence of differences between the age groups
might be considered unexpected, as several studies report more sleep
problems in older night shift workers compared to younger workers
[e.g., (50-52)]. However, consistent with our data a recent meta-
analysis on sleep quality revealed a moderating effect of age in those
working rotation shifts, but an absence hereof in the night shift
workers (53). In contrast, the level of education had a significant
impact with a PR of 1.7. This might be related to differences in the type
of profession between those with a high and a low education level (e.g.,
factory work vs. working as a physician). Furthermore, education level
is often used as a proxy for socioeconomic status, and thus may be tied
to the living conditions, for example living in a small, noisy apartment
versus independent housing. The ability to adapt to the challenging
circumstances may also hamper sleep. Concerning the presence of any
sleep disorders, none of the sociodemographic factors was a
significantly associated with this outcome parameter. Considering the
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TABLE 5 Prevalence and prevalence ratios of a circadian rhythm sleep—wake disorder in day, early, evening, night and rotating shift subsamples
differentiated by sex, age, education and living companion (s).

Day shift Early shift Evening shift Night shift Rotating shift
PR (95% % PR (95% % PR (95% % PR (95% % PR (95%
Cl) Cl) Cl) Cl) Cl)
Sex
Male 7.0 1 9.7 1 23.0 1 22.2 1 19.8 1
1.20 (1.12- 1.27 (0.66— 0.80 (0.36— 1.17 (0.45- 0.96 (0.81-
Female 8.4 12.3 18.3 26.0 19.1
1.28)%* 1.88) 1.24) 1.89) 1.12)
Age
< 30years 12.0 1 18.3 1 30.2 1 30.4 1 253 1
0.54 (0.45- 0.28 (—0.54— 0.62 (0.13- 0.63 (—0.41— 0.64 (0.47-
30-50years 6.5 52 18.8 19.1 16.3
0.64)%* 1.11) 1.11) 1.66) 0.82)%*
0.56 (0.45- 0.68 (0.00- 0.39 (—0.23- 0.98 (—0.04— 0.66 (0.46-
> 50 years 6.7 12.5 11.7 29.7 16.7
0.67)** 1.37) 1.00)% 2.00) 0.86)*
Education
Academic 6.8 1 8.6 1 16.8 1 27.3 1 16.9 1
1.12 (1.02- 0.50 (—0.68- 1.27 (0.68- 0.87 (0.02— 1.19 (0.99-
Vocational 7.6 4.3 21.3 23.7 20.1
1.22)%* 1.68) 1.86) 1.72) 1.39)%%
1.79 (1.69- 1.76 (1.03- 1.59 (1.08- 0.83 (—0.06— 1.33 (1.14-
Secondary 12.2 15.1 26.7 22.6 22.4
1.90)%% 2.48) 2.10) 1.72) 1.51)%%
2.24 (1.68- 1.18 (0.20-
Elementary 15.2 20.0
2.79)%* 2.17)
Living companion(s)
Alone 11.3 1 7.2 1 29.2 1 30.8 1 26.1 1
0.67 (0.55- 1.17 (0.05- 0.62 (—0.01- 0.66 (—0.42— 0.70 (0.46-
With partner 7.6 8.4 18.2 20.4 18.3
0.80)%* 2.29) 2.25)% 1.75) 0.94)%
Alone with 0.65 (0.44- 121 (=0.51- 0.64 (—0.43— 0.51 (0.04-
7.3 8.7 18.6 13.3
kid(s)* 0.85)%* 2.92) 1.71) 0.98)#
With partner and 0.45 (0.33- 0.96 (—0.16- 0.34 (—0.36- 0.76 (—0.24- 0.52 (0.28-
5.1 6.9 9.9 233 13.6
kid(s) 0.58)%* 2.07) 1.04) % 1.75) 0.77)%*
1.23 (1.10- 3.74 (2.70- 1.03 (0.41- 1.27 (0.09- 1.01 (0.77-
Other(s) 13.9 26.9 30.1 39.1 26.3
1.36) 4.78)* 1.65) 2.45) 1.25)

‘Low number of cases in the category in the early, evening and/or night shift subgroups (1< 20). *p <0.05, **p <0.01. PR = prevalence ratio (calculated against indicator). Binominal logistic

regression results in Supplementary Table 52.3.

overall high prevalence of sleep disorders in regular night workers,
this may be explained by a ceiling effect. This notion is strengthened
by the fact that prevalence rates were higher in evening and rotating
shifts to the level, but not beyond, of night workers as a function of
sociodemographic factors.

4.3. Early morning work

Rather independent of sociodemographic factors, working early
mornings had little effect on the occurrence of sleep disorders,
including CRSWD. However, it was associated with a high prevalence
of short sleep duration. This higher prevalence of curtailed sleep may
be explained by 1) going to bed earlier, experiencing problems
initiating sleep (21), and 2) keeping normal bedtimes, while rising
earlier on work days. The contradiction between an association with
short sleep and the absence thereof with most sleep disorders may
be due to early workers maintaining relatively normal night and day
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rhythms, which may protect them from circadian misalignment and
sleep disorders. The only sleep disorder that was clearly more prevalent
in early morning workers was hypersomnia, with a 2-fold PR
compared to day workers. Restricted sleep has been shown to induce
accumulating levels of sleepiness during the day in both naturalistic
and experimental settings (54, 55). Thus, the higher risk to
hypersomnia might result from the repeated shortened sleep duration
in early morning workers. Of note, the relationship of an early
morning shift with short sleep seems weaker in females than in males.
This difference is possibly explained by women more often being early
birds (56), thus requiring less adaptation to an early morning shift. In
the early morning workers, the prevalence of CRSWD was strikingly
higher (3.7 fold) in the “others” living companion group. Within the
‘others’ group CRSWD estimates were high in those living with their
parents (27% with CRSWD), whereas those living with friends (11%
with CRSWD) displayed prevalences more similar to early morning
workers living alone, with partner and/or children. In our sample,
individuals living with their parents had lower education levels than
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those living with friends (80% vs. 33% with only primary or secondary
education), which may partially explain the heightened prevalence of
CRSWD in this group.

4.4. Evening and rotating shifts

Overall the associations within evening and rotating shifts on
sleep are less pronounced, but comparable to those of night shift
workers. Furthermore, the relationships of sociodemographic factors
with sleep parameters followed similar patterns as in day shifts, with
younger, lower educated individuals, living without partner and
kid(s), being at highest risk for disordered sleep. Shift work is
indicated to be associated with a slight increase in the prevalence of
long sleep duration (6). In the present study, this association was
only significant for the evening shift. It is conceivable that evening
workers tend to go to bed soon after work, at a biological time of
high sleep propensity, and sleep in as they do not need to get up early
for work.

Unfortunately, in the current study we were not able to
differentiate between different orders of shifts within the rotating shift
group. Previous studies have shown that those working in a backward
rotating shift schedule tend to have more sleep problems than those
working in a forward schedule (57, 58). Given the known effects of the
order of shifts, future studies should take this into account.

4.5. Limitations

There are some limitations to this study, the first concerning the
study sample. Due to the recruitment of participants through a
newspaper advertisement, a selection bias is likely. For example,
compared to the general Belgian population (59), the current sample
was clearly higher educated (14.6% with academic education in
general population in 2016 versus 59% in current sample).
Furthermore, individuals with sleep problems might be more inclined
to participate in a study focused on sleep than good sleepers, and thus
persons with sleep disturbances may be overrepresented in our
sample. This may be evidenced by the presently observed slightly
higher prevalence of sleep disturbances in comparison with a study in
a representative sample of the Dutch population (33). However,
differences between the countries may play a role here as well, with
previous reports of more self-reported sleep problems in Belgium than
in the Netherlands (60). Nevertheless, although absolute prevalence
rates might be overestimated in our study, we believe it unlikely that
the associations with the investigated sociodemographic factors are
strongly affected by such a selection bias.

A second limitation is the use of a screenings-questionnaire to
assess the prevalence of sleep disorders. Though the used HSDQ has
good clinical validity (31), a questionnaire can only provide an
those that
polysomnography for diagnosis, like SBD, are less accurately assessed

estimate.  Especially sleep  disorders require
using a questionnaire.

Finally, using a naturalistic study design has led to large differences
in the sample sizes of the work shift subgroups. This complicated
direct comparisons between subsamples as similar prevalence ratios
reached statistical significance in the larger subsamples, yet failed to

do so in the smaller subsamples.
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4.6. Implications and perspectives

Compared to regular day work, all shift work schedules seem
associated with adverse sleep effects; night shifts most strongly. As
societies cannot do without night work and adaptation to it is hard and
often undesirable, rotational shifts are generally advised, particularly
fast-forward rotating work schedules, with the period of night work as
short as possible and plenty of resting days in between to recover from
the accumulated sleep deficit (61, 62). To prevent sleep curtailment and
sleep disorders, employers/occupational health practitioners should
encourage good sleep health and give tools to deal with shift work as
well as possible, both promoting optimal sleep during the resting
period and wakefulness during working hours. It would, for instance,
be useful to educate shift workers, and ideally their family members
and/or other supporting living companions, on homeostatic and
circadian regulation of sleep, good sleep hygiene (avoiding alcohol and
caffeine close to bedtime), and optimization of the sleep environment
(dark, cool and quiet bedroom), and reduction of sleepiness during the
working period by for instance powernaps, caffeine and bright light.
Such information could be particularly helpful for young and low
educated shift workers, as these groups appear to experience most sleep
problems and may benefit most from information on coping strategies.
Furthermore, regular assessment of sleep quality and quantity and
screening for disordered sleep in those working shifts might be crucial
to timely treat sleep disorders such as SWD and insomnia, and thereby
preventing persistent sleep disturbances and their adverse effects on
physical and mental health and work performance.
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