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ABSTRACT   
Objectives This study aims to 1) investigate the individual courses of sleepiness and the 
daily prevalences of severe sleepiness in offshore day-shift workers and 2) examine which 
demographic, lifestyle and health factors predict the individual courses of sleepiness and daily 
prevalences of severe sleepiness in two-week offshore day-shift rotation periods. 
 
Methods Data was collected from N = 42 offshore day-shift workers during two-week 
offshore shift rotations. At baseline, data on demographic, lifestyle and health factors were 
obtained. Sleepiness was assessed using daily pre- and post-shift measures of the Karolinska 
Sleepiness Scale (KSS). Severe sleepiness was defined as KSS > 6. Linear regression and 
generalized linear mixed model analyses were performed.  
 
Results  On average, individual post-shift sleepiness scores were higher (M = 4.59, SD = 
1.86) and increased more (Median b = .06, 5% Percentile = -.10, 95% Percentile = .30) over the 
two-week offshore day-shift rotation periods, compared to pre-shift sleepiness scores (M = 
4.02, SD = 1.66; Median b = .01, 5% Percentile = -.31, 95% Percentile = .20). Across the offshore 
shift rotation period, the average daily prevalence of severe sleepiness was 14%; 10% in pre-
shift and 19% in post-shift periods. Demographic, lifestyle and health factors were found to 
predict individual sleepiness courses and daily prevalences of severe sleepiness. 
 
Conclusions  Individual courses of sleepiness and daily prevalences of severe sleepiness 
differed between pre- and post-shift periods. Predictors for individual courses of sleepiness 
and severe sleepiness over time were identified, but not all results were in expected 
directions. The findings may help to improve fatigue risk management programs and systems. 
 
  



6

125125

 
 

 

INTRODUCTION 
Fatigue and sleepiness-related performance impairments are widely recognized workplace 
hazards in the offshore oil and gas industry, which need to be managed appropriately as they 
have been linked to several large scale industry disasters.1,2  been 
associated with a 37% increased hazard rate of being involved in an incident and 
approximately 13% of workplace injuries have been attributed to sleep problems.3,4 Vast 
interindividual differences between sleep and fatigue experiences exist5 and the courses of 
fatigue and sleep parameters have also been found to vary across offshore shift rotation 
periods.6,7 The focus of this article will be on the prevalences and predictors of sleepiness 
among offshore workers. Sleepiness, i.e. sleep propensity, has been described as a state-trait 
phenomenon resulting from persistent sleep-wake drives (state sleepiness) and individual 
differences (trait sleepiness).8 To date, only a few studies have addressed the predictors of 
sleepiness in shift work environments.9 Moreover, existing research is based on group 
averages neglecting the importance of individual differences. Earlier, demographic and 
lifestyle characteristics such as age, body weight, chronotype misalignment, smoking status 
and health factors including mental and physical health have been identified as risk factors of 
sleep and fatigue/sleepiness problems among general and working populations.9 To our 
knowledge, only age and smoking have previously been investigated as predictors of sleep 
parameters in the offshore workforce.10  
 
Age has been identified to be one of the strongest and most consistent factors related to 
changes in sleep stages across the night.11,12 A large-scale polysomnography cohort study 
showed that, especially older men suffer from poor overall sleep quality due to reduced slow-
wave sleep (Stage 3 to 4) and rapid eye movement sleep.13 However, both older men and 
women reported fewer complaints of unrest and fatigue during the day.13 Circadian 
disruptions, misalignments between physiological functions and imposed sleep/wake 
behaviour due to e.g. a mismatch between workers chronotypes and their work schedules, 
have been shown to negatively influence workers sleep and general health.14 Chronotype, a 
person's natural inclination regarding the times of day when they prefer to sleep or be active 
based on local time, can be differentiated between morning, intermediate and evening 
types.15 
advantageous for sleep and general health. Previous studies on work and chronotype 
misalignment showed, for example, that persons with early chronotypes reported shortened 
sleep durations, poor sleep quality, higher levels of sleep disturbance and higher levels of 
work-related fatigue when working night shifts.16,17 Increased body weight and an 
exacerbation of body adiposity have been related to sleep disturbances and sleep 
deprivation.18 Excessive body weight has been shown to increase the propensity for upper 
airway narrowing during sleep by altering the function and the geometry of the pharynx.19 
Furthermore, a significant dose-response relationship between overweight/obesity and 
daytime sleepiness has been found, supporting the notion of a hypothesized causal effect of 
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excessive weight on daytime sleepiness.20 Smoking has been shown to negatively impact sleep 
and fatigue parameters by acting as a stimulant on various neurotransmitter systems.21 In 
particular, smoking has been shown to cause disturbances to individuals’ sleep architecture, 
and to be associated with a higher risk of developing sleep disordered breathing and snoring.21 
Moreover, it has been shown that current smokers have shorter sleep durations, increased 
difficulty to fall asleep and stay asleep as well as waking up earlier as desired compared to 
never smokers.22 In addition, current smokers have also been shown to be at a higher risk for 
experiencing daytime sleepiness and having minor accidents.23 General mental and physical 
health status have been linked to sleep and fatigue problems.24,25 Previous findings support 
the notion of a bi-directional relationship between mental and physical health and sleep 
quality.24,25 
 
To our knowledge, no research on the individual courses of sleepiness, the prevalences of 
severe sleepiness and the predictors of the courses and prevalences of sleepiness across two-
week offshore day-shift rotation periods exist. Thus, the present study aimed to 1) investigate 
the individual courses of sleepiness and daily prevalences of severe sleepiness in offshore day-
shift workers and 2) examine which demographic, lifestyle and health factors predict the 
individual courses of sleepiness and daily prevalences of severe sleepiness in two-week 
offshore day-shift rotation periods. 

 
MATERIAL AND METHODS 
Participants & Procedure  
Data from a repeated measures study, i.e. within-subject study, among N = 60 offshore 
workers was used.6 Because the present study focused on day-shift workers, eight-night shift 
workers were excluded from the analyses. Another ten offshore workers were excluded from 
the study due to unanticipated shift changes (N = 2), end of offshore contracts (N = 2), 
forgotten study equipment (N = 2) and study drop-out (N = 4). Offshore shift rotation periods 
consisted of fourteen successive 12-hour day-shifts lasting from 07:00 till 19:00 o’clock. Four 
remote offshore gas-production platforms located in the Dutch Central North Sea Sector were 
included. Offshore workers (contractors and permanent staff) were recruited via their 
employer; participation was voluntary. No exclusion criteria were applied. One week prior to 
the offshore work period, a baseline questionnaire was sent to offshore workers to collect 
information about demographic, lifestyle and health factors. During the two-week offshore 
day-shift rotation period, offshore workers filled in an electronic sleep diary twice a day (pre- 
and post-shift) to monitor their sleepiness levels. Compliance was monitored remotely and 
reminders were sent to offshore workers if no response was received. A detailed description 
of the study design can be found elsewhere.6 Ethical approval for the study was provided by 
the medical ethical committee of the University Medical Center Groningen, The Netherlands 
(reference number: M14.165646). 
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Measurements  
Demographic, lifestyle and health factors 
At baseline, pre-offshore shift rotation information on gender, age, chronotype, weight, 
height, current smoking status and general mental and physical health was obtained by 
questionnaire. Chronotype was assessed using the reliable and valid Munich Chronotype 
Questionnaire (MCTQ).15 Chronotype was defined as the mid-sleep point on days off-work 
corrected for sleep on working days. The later the mean mid-sleep corrected time, the later 
the chronotype. Early  3:59), intermediate (04:00 – 
based on the individual offshore workers mid-sleep onset times were calculated. Self-reported 

2). 
Next to the use of continuous BMI scores, WHO cut-off values were used to classify 
underweight (BMI < 18.5), normal weight (BMI = 18.5 – 24.99), overweight (BMI = 25 – 29.99) 
and obesity (BMI  30). Current smoking status was assessed with a self-constructed binary 

important to note, that smoking is allowed on the offshore platforms whereas alcohol 
consumption is not. Self-reported general mental and physical health status were assessed 
with subcomponent scores of the 12-item Short Form survey (SF-12).26 The SF-12 is a reliable 
and valid general health questionnaire. Mental and physical component scores (MCS and PCS) 
can be constructed, which range from 0-100.26 Dutch norm cut-offs are set at 51, with higher 
scores indicating better health.27  

 
Sleepiness 
Sleepiness was measured with the Karolinska Sleepiness Scale (KSS).28 Sleepiness, the drive to 
fall asleep due to insufficient sleep, has been used extensively as a proxy for fatigue and is 
applied in many fatigue risk prediction models.29 The KSS is a reliable and valid single-item 
measure with a Likert scale, asking participants to rate their level of sleepiness from (1) 
extremely alert to (9) very sleepy, great effort to keep awake, fighting sleep. Severe sleepiness 
is defined as a KSS score > 6.30  = 4 – 
6) sleepiness scores as medium and severe scores have been associated with increased 
occupational health and safety risks.31  
 
Statistical analysis  
Linear regression analysis was used to model individual courses of sleepiness. The courses of 
pre- and post-shift sleepiness scores were modelled separately for each offshore worker. The 
regression coefficients for time denote the estimated individual (linear) courses of sleepiness 
over the two-week offshore shift rotation period. These estimated regression coefficients for 
time were subsequently used as dependent variables in estimating the predictive value of the 
demographic, lifestyle and health factors, i.e. age, chronotype, BMI, smoking status, mental 
and physical health. The intercepts of each individual regression slope were added to the 
models to account for baseline sleepiness differences.  
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The daily proportions of pre- and post-shift severe, medium and low sleepiness scores were 
calculated. Generalized linear mixed model analyses were used to examine whether 
demographic, lifestyle and health factors predict the prevalence of severe sleepiness in two-
week offshore day-shift rotation periods. All analyses were adjusted for platform location to 
account for potential clustering effects. Due to the explorative nature of the study and the 
limited sample size, significance was set at p = .10 for all analyses. Analyses were performed 
using SPSS 23. 
 
RESULTS 
Sample characteristics  
The study sample comprised N = 42 male offshore day-shifts workers. Offshore workers were 
excluded from analyses if missing data on the investigated predictor variables was found. (see 
Table 1) The majority of offshore workers had an early chronotype (N = 32 (91%)) and the 
remaining three (9%) offshore workers had an intermediate chronotype. A total of 18 (44%) 
offshore workers was overweight and six (15%) offshore workers were obese. Most offshore 
workers did not currently smoke (N = 31 (76%)). Thirty (83%) offshore workers reported good 
physical health (above the norm cut-off value of 51 points), and 31 (86%) offshore workers 
reported mental health below the norm cut-off value.  
 
 

Table 1. Baseline sample characteristics. 

 N M SD Range 
Age (in years) 42 42.22 11.99 21 – 63  
Body Mass Index 41 26.47 3.36 20.90 – 36.30 
Mid-sleep corrected (chronotype) 35 2.98 0.62 2.00 – 4.28 
Smoking (packs per week) 30 1.20 2.04 0 – 7  
Mental health (MCS) 0-100 36 40.46 8.18 29.43 – 59.15  
Physical health (PCS) 0-100 36 56.98 6.23 37.73 – 66.60 

Mid-sleep corrected was used to determine chronotype. 
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Individual courses of sleepiness and their predictors 
The individual courses of sleepiness varied for pre- and post-shift scores. For individual courses 
of pre-shift sleepiness scores, the median regression coefficient was .01 (5th Percentile = -.31, 
95th Percentile= .20). For individual courses of post-shift sleepiness scores, the median 
regression coefficient was .06 (5th Percentile = -.10, 95th Percentile = 30).  On average, the 
post-shift scores were higher (M = 4.59, SD = 1.86) and had a steeper increase compared to 
the pre-shift scores (M = 4.02, SD = 1.66). Table 2 displays the regression coefficients for each 
demographic, lifestyle and health factor. For both pre- and post-shift scores, lower baseline 
intercept scores, i.e. lower pre-offshore shift rotation sleepiness scores, and poor physical 
health predicted higher increases in sleepiness during the two-week offshore day-shift 
rotation period. Older age, earlier chronotypes, smoking and poor mental health were 
associated with increased pre-shift sleepiness courses. Moreover, older age and poor mental 
health were associated with decreased post-shift sleepiness courses. 
 
 

Table 2. Demographic, lifestyle and health factors as predictors of individual pre- and post-shift sleepiness 
courses over the two-week offshore day-shift rotation period; all analyses are adjusted for platform location.   

 Pre-shift Post-shift 
 B 90%CI p B 90%CI p 
Individual intercept -.06 -.06 – -.05 <.001 -.02 -.02 – -.01 <.001 
Age .01 .01 – .02 .001 -.00 -.01 – .00 .088 
BMI .00 -.02 – .02 .761 .01 -.01 – .02 .376 
Mid-sleep corrected -.05 -.07 – -.03 <.001 -.01 -.02 – .01 .485 
Smoking .06 .03 – .09 .001 .01 -.01 – .03 .477 
Mental health (MCS) -.03 -.03 – -.02 <.001 .01 .01 – .02 .004 
Physical health (PCS) -.02 -.03 – -.01 <.001 -.02 -.03 – -.01 <.001 

Individual intercept from the individual course analyses; BMI (Body Mass Index); Mid-sleep corrected (estimate 
for chronotype classification); PCS (Physical component score); MCS (Mental component score); Age, BMI, PCS 
and MCS scores were analysed per 5-year/point increment 

 
 

Daily prevalences of sleepiness and their predictors  
During the two-week offshore day-shift rotation periods, the average daily percentages of low 
(KSS  3), medium (KSS 4 – 6) and severe (KSS > 6) sleepiness was 45%, 41%, and 14% 
respectively. In total, severe sleepiness was reported 52 times in the pre-shift and 101 times 
in the post-shift measure. The average daily prevalence of pre- shift and post-shift severe 
sleepiness was 10% and 19%, respectively. The highest daily prevalence of severe sleepiness 
was found during post-shift fatigue period on day 10 (37%, N = 14). (Figure 1) Over the course 
of the two-week offshore period daily prevalences of pre-shift severe sleepiness remained 
stable but post-shift severe sleepiness increased. During the second offshore week, an 
average of 25% of offshore workers reported severe sleepiness in the post-shift sleepiness 
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measure. When combining both medium and severe sleepiness categories for the second 
offshore week, 64% of the offshore workforce was at fatigue risk. (Figure 2) Table 3 shows 
that age and BMI were negatively related to pre-shift severe sleepiness. For each 5-year 
increase in age, the OR of pre-shift severe sleepiness scores increased by 0.78 during the 
offshore period (90%CI: .63 – .98), whereas a five-unit increase in BMI was associated with a 
0.26 times higher odds of pre-shift severe sleepiness (90%CI: .11 – .62).   
 
 

  
Figure 1. Daily prevalences of severe sleepiness over the two-week offshore day-shift rotation period. 

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

N
nu

m
be

r o
f w

or
ke

rs
 w

ith
 se

ve
re

  
sle

ep
in

es
s

Offshore days

Pre-shift Post-shift



6

131131

 
 

 

 
 

 
 

 
 
Figure 2. Daily and 14-day average percentages of employees in low (KSS  3), medium (KSS = 4 – 6) and severe 
(KSS > 6) sleepiness categories over the two-week offshore day-shift rotation period. Green columns indicate 
low, orange medium and red high fatigue risk.  

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Severe 9.52 4.88 10.2 4.88 10.0 12.5 10.8 7.69 9.38 5.56 13.1 10.2 18.4 8.57
Medium 30.9 46.3 33.3 48.7 45.0 35.0 43.2 41.0 46.8 47.2 44.7 28.2 26.3 42.8
Low 59.5 48.7 56.4 46.3 45.0 52.5 45.9 51.2 43.7 47.2 42.1 61.5 55.2 48.5
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Table 3. Demographic, lifestyle and health factors as predictors of daily pre- and post-shift severe sleepiness 
prevalences over the two-week offshore day-shift rotation period. 

 Pre-shift Post-shift 
 OR* 90%CI p OR* 90%CI p 
Age .78 .63 – .98 .069 .82 .65 – 1.04 .162 
BMI .26 .11 – .62 .011 .48 .21 – 1.09 .142 
Mid-sleep corrected 1.01 .41 – 2.49 .989 1.48 .53 – 4.15 .527 
Smoking .97 .27 – 3.52 .973 .75 .20 – 2.78 .715 
Physical health (PCS) .75 .47 – 1.21 .324 .83 .50 – 1.36 .527 
Mental health (MCS) .91 .57 – 1.46 .744 .77 .46 – 1.28 .393 

BMI (Body Mass Index); Mid-sleep corrected (estimate for chronotype classification); PCS (Physical component 
score); MCS (Mental component score); Age, BMI, PCS and MCS scores were analysed per 5-year/point 
increment. *Analyses are adjusted for platform location. 

 
 
DISCUSSION 
Individual courses of sleepiness and daily prevalences of severe sleepiness differed between 
pre- and post-shift periods, as did their predictors. Average pre-shift sleepiness scores 
remained relatively stable, whereas average post-shift sleepiness scores increased with days-
on-shift. Explorative analyses showed that demographic, lifestyle and health factors predicted 
the individual courses of sleepiness and daily prevalences of severe sleepiness in two-week 
offshore day-shift rotation periods. Increasing individual pre-shift sleepiness courses were 
predicted by low pre-offshore shift rotation sleepiness scores, older age, earlier chronotypes, 
smoking and poor level of mental and physical health. Increasing post-shift sleepiness courses 
were predicted by low baseline sleepiness scores, younger age, good mental and poor physical 
health. The average daily prevalence of severe sleepiness was 14%; 10% in pre-shift and 19% 
in post-shift periods. The number of severe sleepiness scorers varied more in post-shift 
compared to pre-shift measures and increased over time spent offshore. Older age and a high 
BMI were associated with lower daily prevalences of pre-shift severe sleepiness scores.  
 
Individual courses of sleepiness and their predictors  
Findings on the individual courses of sleepiness are in line with our previous investigation on 
group level courses of sleepiness among offshore workers.7 The importance of pre-offshore 
shift rotation sleepiness scores has previously been noted as offshore workers are preparing 
for the upcoming offshore tour.7,32 Both longer sleep durations and lower sleep efficiencies 
have been observed among offshore workers, who are likely trying to bank sleep before going 
offshore.7,32 Furthermore, just before the commence of offshore shifts, offshore workers must 
commute to the heliports to catch early-morning flights to the offshore platforms. Often this 
involves stressful long-distance commutes, which may increase baseline sleepiness scores 
upon offshore shift start.33  
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A systematic review on the individual predictors of shift work tolerance, the absence of 
problems commonly associated with shift work (e.g. problems with the digestive system, 
altered sleep and fatigue rhythms), found that (among others) young age and low scores on 
‘morningness’ are related to higher shift work tolerance.34 Here, low scores on morningness 
refer to a protective effect of eveningness in regard to shift work tolerance and circadian 
preference. These outcomes confirm our findings that for pre-shift day scenarios, older age 
and earlier chronotype predict steeper increases in sleepiness over two-week offshore 
rotation periods. For post-shift sleepiness scores, however, older age predicted decreases in 
individual post-shift sleepiness courses. In other studies, older age was found to be protective 
of shift work tolerance.35,36 These studies claim that the findings are likely due to a natural 
selection process (e.g. healthy worker effect, survivor cohort), in which older workers who 
stay in shift work settings are naturally better adaptors to shift work. Thus, older offshore 
workers might possess better coping abilities (e.g. resilience), sleep strategies, or have better 
genetic predispositions (e.g. naturally ‘deep sleepers’), which allow for better shift work 
adaptation and sustainable employability offshore. As a result, older offshore workers might 
not be directly comparable to younger offshore workers. 
 
In the present study, being a smoker (24% of the sample) predicted steeper increases in the 
individual courses of pre-shift sleepiness scores. To our knowledge, the predictive effect of 
smoking status on sleepiness is a relationship, which has not been studied extensively. The 
prevalence of smokers on offshore platforms ranges between 24–39%.37,38 Underlying 
mechanisms could be related to the stimulating effect of nicotine on sleep and nightly 
withdrawal symptoms. In the past, smoking has been associated with sleep disturbances such 
as difficulties initiating sleep and increased sleep fragmentation,39 which could potentially 
explain increases in sleepiness. Yet results are inconsistent.10  
 
Both poor mental and physical health increased individual courses of pre-shift sleepiness 
scores. In addition, good mental and poor physical health increased individual post-shift 
sleepiness courses. The findings of good mental health predicting increases in individual post-
shift sleepiness courses are counterintuitive as previous research has linked both good mental 
and physical health to shift work tolerance.36 It has been suggested that improving exercise 
and general health is needed to better adapt to shift work environments.36 Although these 
studies were mainly performed among night shift workers, findings seem also applicable to 
offshore day-shift settings. More research on the predictive power of mental health scores on 
post-shift sleepiness courses is needed to verify our findings.   
 
Daily prevalences of sleepiness and their predictors 
Across the offshore shift rotation period, the average daily prevalence of severe sleepiness 
was 14% and 10% in pre-shift and 19% in post-shift periods respectively. These results are 
similar to previous findings among morning shift railway workers (average shift roster: 5:45am 
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– 1:15pm) in which 15-20%% reported severe sleepiness at least once during their shift.30 In 
the second offshore week an increase in post-shift severe sleepiness scores was observed with 
25% of offshore workers reporting severe sleepiness. Furthermore, when combining both 
medium and severe sleepiness KSS categories the average sleepiness risk across the two-week 
offshore shift rotation period increased to 55%. Medium and severe sleepiness scores have 
been associated with increased occupational health and safety risks and thus need to be 
managed in offshore fatigue risk management programs.31  
 
Age was inversely associated with the daily prevalences of pre-shift severe sleepiness scores. 
Age has previously been shown to be inversely related to the prevalence of severe sleepiness 
among shift workers.30 However, more research on the predictive effects of age on sleepiness 
is needed as, inconsistent results exist between individual sleepiness courses and daily 
prevalences of severe sleepiness scores. Age remains a relevant factor in fatigue prediction 
models yet the specific direction still needs to be determined. The prevalence of overweight 
and obese offshore workers (59%) was high. BMI was associated with the daily prevalences of 
pre-shift severe sleepiness scores during two-week offshore day-shift rotation periods. A 
higher BMI was associated with a lower likelihood of severe pre-shift sleepiness. This is a 
contradictory finding, as in the past, high BMI has been associated with higher sleepiness 
during the day.40 As, there is no explanation for the differential finding between pre- and post-
shift measurements. More research is needed to further explore the predictive relationship 
of age and BMI on sleepiness scores.  
 
Strengths and Limitations 
A strength of this study is the longitudinal repeated measures study design in an applied field 
research setting. To our knowledge, this is the first study investigating the individual courses 
of sleepiness, daily prevalences of severe sleepiness and their potential predictors among 
offshore workers. The use of a more person-centred approach in science has recently been 
encouraged to improve the group-to-individual generalizability and as a result the quality and 
accuracy of statistical inferences.41 Moreover, using a within subject design, i.e. using 
participants as their own controls, may be beneficial for sleep and fatigue research as the 
variability of symptoms is highly individual and can vary greatly.42 Hence, we conducted 
multiple within-subject measurements over the course of 14 consecutive offshore work days 
to improve the quality, accuracy and generalizability of our findings. Given the offshore 
context, a relatively large proportion of offshore workers took part in this multi-national study 
(conducted in Dutch and English) on four different offshore platforms; i.e. findings can be 
generalized to other offshore populations. Furthermore, this study focuses on offshore day-
shift workers who are an underreported minority in the shift work and offshore scientific 
literature.  
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A limitation of the study concerns the small sample size. Although the repeated measures 
approach allowed for advanced statistical procedures a larger sample size would have been 
preferred. In addition, the study includes only two KSS ratings per day, due to operational and 
logistic limitations, which may not be representative for the ‘true’ level of daytime sleepiness. 
Multiple daily accounts of KSS scores would have provided us with a better indication of 
circadian influences and sleepiness variations during the day. Furthermore, it is important to 
acknowledge that other demographic (e.g. age, gender), lifestyle (e.g. sleep characteristics, 
physical exercise, diet, caffeine intake, social interactions) and work variables (e.g. job type, 
mental/physical work load, stress, work environment) might also predict sleepiness courses 
and daily prevalences of severe sleepiness in shift work environments.43 Because some of 
these variables were not captured in the initial study design and other variables were not used 
due to limited sample sizes and unforeseen circumstances (e.g. light exposure measurements 
were compromised due to personal protective equipment that blocked the light exposure 
measurements when working outside), more research is needed to explore other potential 
predictors. Moreover, future studies should aim to investigate the influence of sleep 
disorders, obtained sleep quantity and quality and recovery times on fatigue and fatigue 
predictors. For example, suffering from obstructive sleep apnoea has been associated with 
both, high BMI and fatigue.44 Thus, these complex interrelationships should be further 
investigated. In addition, individual courses and prevalence rates for both day- and night-shift 
workers should be investigated to further customize and adjust fatigue risk management plans 
and systems for these populations. In addition, the effect on sleepiness resulting from 
extended offshore work environment, longer than two-weeks, should be examined to 
determine maximum shift lengths. 
 
Implications 
This study provides new and unique insights into the courses, prevalences and potential 
predictors of sleepiness during offshore shift rotation periods to ultimately aid the 
advancement of offshore fatigue risk management programs and systems. More research on 
pre- and post-shift specific predictors of individual sleepiness courses and daily prevalences 
of severe sleepiness is needed to advance our understanding of sleepiness. The potential 
‘differential’ predictors may be explained by the underlying concepts of pre-shift versus post-
shift sleepiness experiences. Pre-shift sleepiness scores are mainly influenced by prior sleep 
quality and quantity, whereas post-shift sleepiness scores are mainly influenced by work-day 
experiences (e.g. stress, work load) and sleep/wake drives. Furthermore, based on our 
findings of increased sleepiness risk towards the end of a shift, especially in the second 
offshore week, more research should focus on this time period and should further investigate 
this end-of-shift-effect. An end-of-shift-effect was previously observed in the rail industry 
showing that non-responding to a secondary task in the train cabin, used generally to prevent 
falling asleep and to signal possible health emergencies, peaked near the end of the analysed 
shifts.45 In addition, the present study found an indication for a ‘third quarter phenomenon’ 
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with the highest prevalence of severe sleepiness present on day 10 (28%). Offshore health and 
safety programs should take this phenomenon into account as health and safety of offshore 
workers might be compromised in this period.  
 
Conclusions 
During the two-week offshore day-shift rotation periods, differences between pre- and post-
shift periods of the individual courses of sleepiness and the daily prevalences of severe 
sleepiness were found. On average, post-shift sleepiness scores were higher than pre-shift 
sleepiness scores and increased over the two-week offshore day-shift rotation periods. Daily 
prevalences of severe sleepiness were also higher in post-shift compared to pre-shift periods 
and peaked towards the end of the shift. The study provides suggestive evidence for 
differential demographic, lifestyle and health predictors for pre- and post-shift individual 
sleepiness courses as well as for daily prevalences of severe sleepiness scores during two-
week offshore day-shift rotation periods.  
  



6

137137

 
 

 

REFERENCES 

[1] Waage S, Harris A, Pallesen S, Saksvik IB, Moen BE, Bjorvatn B. Subjective and objective 
sleepiness among oil rig workers during three different shift schedules. Sleep Med. 
2012;13(1):64-72. 
 

[2] U.S. Chemical Safety and Hazard Investigation Board. Investigation report volume 3 
drilling rig explosion and fire at the macondo well. 2016; Report nr 2010-10-I-OS. 
 

[3] Dembe A, Erickson J, Delbos R, Banks S. The impact of overtime and long work hours on 
occupational injuries and illnesses: New evidence from the united states. Occup Environ 
Med. 2005;62(9):588-97. 
 

[4] Uehli K, Mehta AJ, Miedinger D, Hug K, Schindler C, Holsboer-Trachsler E, Leuppi JD, 
Kuenzli N. Sleep problems and work injuries: A systematic review and meta-analysis. 
Sleep Med Rev. 2014;18(1):61-73. 
 

[5] Van Dongen HPA. Shift work and inter-individual differences in sleep and sleepiness. 
Chronobiol Int. 2006;23(6):1139-47. 
 

[6] Riethmeister V, Bültmann U, Gordijn M, Brouwer S, de Boer MR. Investigating daily 
fatigue scores during two-week offshore day shifts. Appl Ergon. 2018;71:87-94.  
 

[7] Riethmeister V, Bültmann U, de Boer MR, Gordijn M, Brouwer S. Examining courses of 
sleep quality and sleepiness in full 2 weeks on/2 weeks off offshore day shift rotations. 
Chronobiol Int. 2018; 35(6):759-72. 
 

[8] De Valck E, Cluydts R. Sleepiness as a state-trait phenomenon, comprising both a sleep 
drive and a wake drive. Med Hypotheses. 2003;60(4):509-12. 
 

[9] Pallesen S, Nordhus IH, Omvik S, Sivertsen B, Tell GS, Bjorvatn B. Prevalence and risk 
factors of subjective sleepiness in the general adult population. Sleep. 2007;30(5):619-
24. 
 

[10] Parkes KR. Age, smoking, and negative affectivity as predictors of sleep patterns among 
shiftworkers in two environments. J Occup Health Psychol. 2002;7(2):156-73. 
 

[11] Carskadon MA, Dement WC. Chapter 2 – normal human sleep : An overview. In: Kryger 
MH, Roth T, Dement WC, editors. Principles and practice of sleep medicine. 5th ed. St. 
Louis, USA: Elsevier Saunders. 2011;16-26. 



138138

 
 

 

[12] Redline S, Kirchner L, Quan S, Gottlieb D, Kapur V, Newman A. The effects of age, sex, 
ethnicity, and sleep-disordered breathing on sleep architecture. Arch Intern Med. 
2004;164(4):406-18. 
 

[13] Akerstedt T, Hallvig D, Kecklund G. Normative data on the diurnal pattern of the 
karolinska sleepiness scale ratings and its relation to age, sex, work, stress, sleep quality 
and sickness absence/illness in a large sample of daytime workers. J Sleep Res. 
2017;26(5):559-66. 
 

[14] Yadav A, Rani S, Singh S. Working "out-of-phase" with reference to chronotype 
compromises sleep quality in police officers. Chronobiol Int. 2016;33(2):151-60. 
 

[15] Juda M, Vetter C, Roenneberg T. The munich chronotype questionnaire for shift-workers 
(MCTQ(shift)). J Biol Rhythms. 2013;28(2):130-40. 
 

[16] Juda M, Vetter C, Roenneberg T. Chronotype modulates sleep duration, sleep quality, 
and social jet lag in shift-workers. J Biol Rhythms. 2013;28(2):141-51. 
 

[17] Vetter C, Fischer D, Matera J, Roenneberg T. Aligning work and circadian time in shift 
workers improves sleep and reduces circadian disruption. Curr Biol. 2015;25(7):907-11. 
 

[18] Hargens TA, Kaleth AS, Edwards ES, Butner KL. Association between sleep disorders, 
obesity, and exercise: A review. Nat Sci Sleep. 2013;5:27-35. 
 

[19] Young T, Peppard P, Taheri S. Excess weight and sleep-disordered breathing. J Appl 
Physiol. 2005;99(4):1592-9. 
 

[20] Ng WL, Stevenson CE, Wong E, Tanamas S, Boelsen-Robinson T, Shaw JE, Naughton MT, 
Dixon J, Peeters A. Obesity Treatment/Obesity comorbidity does intentional weight loss 
improve daytime sleepiness? A systematic review and meta-analysis. Obes Rev. 
2017;18(4):460-75. 
 

[21] Zhang L, Samet J, Caffo B, Punjabi NM. Cigarette smoking and nocturnal sleep 
architecture. Am J Epidemiol. 2006;164(6):529-37. 
 

[22] McNamara JPH, Wang J, Holiday DB, Warren JY, Paradoa M, Balkhi AM, Fernandez-Baca 
J, McCrae CS. Sleep disturbances associated with cigarette smoking. Psychol Health Med. 
2014;19(4):410-9. 

[23] Phillips BA, Danner FJ. Cigarette-smoking and sleep disturbance. Arch Intern Med. 
1995;155(7):734-7. 



6

139139

 
 

 

[24] Narisawa H, Komada Y, Miwa T, Shikuma J, Sakurai M, Odawara M, Inoue Y. Prevalence, 
symptomatic features, and factors associated with sleep disturbance/insomnia in 
japanese patients with type-2 diabetes. Neuropsych Dis Treat. 2017;13:1873-80. 
 

[25] Tang NKY, Fiecas M, Afolalu EF, Wolke D. Changes in sleep duration, quality, and 
medication use are prospectively associated with health and well- being: Analysis of the 
UK household longitudinal study. Sleep. 2017;40(3):zsw079. 
 

[26] Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. How to score version 2 of the SF-12 
health survey. Lincoln,USA: RI: QualityMetric Incorporated. 2002. 
 

[27] Mols F, Pelle AJ, Kupper N. Normative data of the SF-12 health survey with validation 
using postmyocardial infarction patients in the dutch population. Qual Life Res. 
2009;18(4):403-14. 
 

[28] Akerstedt T, Gillberg M. Subjective and objective sleepiness in the active individual. Int 
J Neurosci. 1990;52(1-2):29-37. 
 

[29] Dawson D, Ian Noy Y, Harma M, Akerstedt T, Belenky G. Modelling fatigue and the use 
of fatigue models in work settings. Accid Anal Prev. 2011;43(2):549-64. 
 

[30] Harma M, Sallinen M, Ranta R, Mutanen P, Muller K. The effect of an irregular shift 
system on sleepiness at work in train drivers and railway traffic controllers. J Sleep Res. 
2002;11(2):141-51. 
 

[31] Akerstedt T, Philip P, Capelli A, Kecklund G. Sleep loss and accidents-work hours, life 
style, and sleep pathology. Human Sleep and Cognition, Pt II: Clinical and Applied 
Research. 2011;190:169-88. 
 

[32] Saksvik IB, Bjorvatn B, Harvey AG, Waage S, Harris A, Pallesen S. Adaptation and 
readaptation to different shift work schedules measured with sleep diary and 
actigraphy. J Occup Health Psychol. 2011;16(3):331-44. 
 

[33] Parkes KR, Farmer E, Carnell S, editors. Psychosocial aspects of work and health in the 
north sea oil and gas industry. A survey of FPSO installation and comparison with 
platform and drilling rigs. Norwich, England: Health and Safety Executive. 2004; Report 
nr 202. 
 

[34] Saksvik IB, Bjorvatn B, Hetland H, Sandal GM, Pallesen S. Individual differences in 
tolerance to shift work ? A systematic review. Sleep Med Rev. 2011;15(4):221-35. 



140140

 
 

 

[35] Winwood PC, Winefield AH, Lushington K. Work-related fatigue and recovery: The 
contribution of age, domestic responsibilities and shiftwork. J Adv Nurs. 2006;56(4):438-
49. 
 

[36] Burch JB, Tom J, Zhai Y, Criswell L, Leo E, Ogoussan K. Shiftwork impacts and adaptation 
among health care workers. Occup Med -Oxf. 2009;59(3):159-66. 
 

[37] Riethmeister V, Brouwer S, van der Klink J, Bültmann U. Work, eat and sleep: Towards a 
healthy ageing at work program offshore. BMC Public Health. 2016;16:134. 
 

[38] Mearns K, Hope L. Health and well-being in the offshore environment: The management 
of personal health. Norwich, England: Health and Safety Executive. 2005; Report nr 305. 
 

[39] Wetter DW, Young TB. The relation between cigarette-smoking and sleep disturbance. 
Prev Med. 1994;23(3):328-34. 
 

[40] Dagan Y, Doljansky JT, Green A, Weiner A. Body mass index (BMI) as a first-line screening 
criterion for detection of excessive daytime sleepiness among professional drivers. 
Traffic Inj Prev. 2006;7(1):44-8. 
 

[41] Fisher AJ, Medaglia JD, Jeronimus BF. Lack of group-to-individual generalizability is a 
threat to human subjects research. PNAS. 2018;115(27):E6106-15. 
 

[42] Harma M, Karhula K, Ropponen A, Puttonen S, Koskinen A, Ojajarvi A, Hakola T, Pentti J, 
Oksanen T, Vahtera J, Kivimaeki M. Association of changes in work shifts and shift 
intensity with change in fatigue and disturbed sleep: A within-subject study. Scand J 
Work Environ Health. 2018;44(4):394-402. 
 

[43] Akerstedt T, Hallvig D, Kecklund G. Normative data on the diurnal pattern of the 
karolinska sleepiness scale ratings and its relation to age, sex, work, stress, sleep quality 
and sickness absence/illness in a large sample of daytime workers. J Sleep Res. 
2017;26(5):559-66. 
 

[44] Young T, Skatrud J, Peppard P. Risk factors for obstructive sleep apnea in adults. J Am 
Med Assoc. 2004;291(16):2013-6. 
 

[45] Hildebrandt G, Rohmert W, Rutenfranz J. Influence of age on frequency of lack of 
performance by engine-drivers of deutsche-bundesbahn bundesbahn (federal german 
railway). Int Arch Arbeitsmed. 1974;32(1-2):33-41. 
 



 
 

 

 

  




	Chapter 6



