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Abstract

Purpose: The study aimed to investigate the course and duration of neuroendocrine recovery 

after 2-week 12h day and night shift working periods, and to study whether there were differ-

ences in recovery between the shift groups.

Methods: Twenty-nine male offshore employees working 2-week 12h shift tours participated 

in the study; 15 participated after a day shift tour and 14 after a night shift tour. Salivary cortisol 

was assessed at awakening, 30 minutes after awakening, and before bedtime on the 1st, 4th, 7th, 

and 11th day of the free period, with a reference day prior to the offshore tour. Differences were 

tested using generalized estimating equations (GEE) analysis.

Results: Compared to the reference day, night shift workers had a significantly flatter cor-

tisol profile on the 1st day off, significantly lower cortisol concentrations at 30 minutes after 

awakening on day 4 and at awakening on day 7, and a significantly smaller decline to evening 

concentration on days 4 and 11. Compared to the reference day, day shift workers only 

showed a significantly lower cortisol concentration at awakening on the 1st day off. Compared 

to day workers, night shift workers had a flatter profile on the 1st day off and a lower cortisol 

concentration at awakening on the 4th day.

Conclusions: Following 2-week 12h night shift working periods recovery was not fully 

complete up to day 11. Following 2-week 12h day shift working periods, an indication of 

incomplete recovery was found on the 1st day off, with full recovery reached on day 4.
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Introduction

The ability to recover and unwind after work is of importance for employee health. During 

recovery, psycho-physiological systems that have been activated during work unwind to and 

stabilise at a baseline level of activation (1). However, when recovery is impeded, levels of 

physiological activity remain elevated in non-work hours, and when the process of recov-

ery is prolonged by sustained elevation of physiological activity, this may over time lead to 

impaired health (1-4). Indeed, prolonged and increased neuroendocrine activity following 

work, assessed by urinary excretion rate of adrenaline and noradrenaline, was associated with 

self-reported psychosomatic health symptoms (5). Furthermore, increased evening concen-

trations of cortisol, have been found to predict fatigue 2 years later and all-cause mortality 6 

years later (6,7). Additionally, increased cortisol concentration after work was found to predict 

increased health care costs in nurses 5 years later (8).

Cortisol is an often used biomarker for neuroendocrine recovery as it mirrors functioning of 

the hypothalamic pituitary adrenal (HPA) axis (8). Salivary cortisol is seen as a reliable indicator 

for serum cortisol (10,11) and can be measured easily and non-invasively by the individual 

at home (12). Activation of the HPA-axis occurs in the presence of stressful stimuli, while its 

marked diurnal rhythm is controlled by the suprachiasmatic nucleus (SCN), the body’s endog-

enous pacemaker situated in the hypothalamus. The cortisol diurnal rhythm is characterised 

by an increase in excretion in the early morning, reaching a peak approximately 30-45 minutes 

after awakening, and a trough late at night (13-15). Inherent to the definition of recovery, 

when the cortisol profile has not returned to and stabilised at a baseline or reference level, any 

disturbance in the diurnal rhythm may be interpreted as incomplete recovery.

Working long hours may impede HPA-axis recovery by extending the exposure to work load 

and work stressors, as well as limiting the time for recuperation in between successive work 

days (16). Several consecutive work days or weeks of long working hours are thought to fur-

ther impede neuroendocrine recovery throughout the working period (17). In the Norwegian 

offshore petroleum industry 12h shifts during 14 consecutive days are common due to the 

remote locations of the oil platforms on the Norwegian continental shelf. The 24h production 

processes also necessitate working 12h night shifts in equally long offshore tours. These night 

shifts are considered to be extra demanding on the neuroendocrine recovery process due to 

sleep problems and deregulation of the circadian rhythm associated with working at night 

(18,19). Harris et al. (18) reported on recovery of the cortisol diurnal profile one week after a 

2-week working period and found a normal cortisol profile after day shifts. After two weeks 

of night shifts, however, a flattened cortisol profile was found, i.e. lower concentrations at 

awakening and at 30 minutes after awakening, and higher concentrations before bedtime 

compared to when working day shifts. Harris et al. (18) concluded that recovery was complete 
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for day workers, but not for night workers. Since assessment of cortisol recovery was only done 

on days 6 and 7, and not on preceding or following days, it remains unknown how long it takes 

to recover from compressed and extended day and night shifts. Additionally, the course of 

neuroendocrine recovery from such schedules also remains unknown.

The aim of the current study was to investigate the natural course and duration of neuro-

endocrine recovery, assessed by salivary cortisol, after 2-week 12h day and night shifts with 

a longer follow-up than has been done to date. In addition, the study aimed to investigate 

whether the duration and the course of recovery differed between day and night shifts.

Based on the study by Harris et al. (18), it was expected that after 2-week 12h day shifts the 

cortisol profile would be normal on day 7; recovery was, therefore, expected to be complete 

within 7 days of the free period. It was further expected that after 2-week 12h night shifts the 

cortisol profile on day 7 would be flattened. For night shifts workers, cortisol recovery was, 

therefore, expected to be incomplete on day 7, but complete on day 11 of the free period.

Methods

Participants

This study was part of a larger research project on work-family balance among offshore per-

sonnel for which participants were recruited among employees working in the Norwegian 

offshore petroleum industry. Common rotation schedules comprise 14-21 days offshore 

followed by 21-28 days free, with standard working hours 07:00-19:00 for day shifts and 19:00-

07:00 for night shifts. Various shift sequences can be worked, including permanent day shifts, 

permanent night shifts, fixed shifts (alternating day shifts and night shifts every other tour), 

and swing shifts where a week of night shifts is followed by a week of day shifts (or vice versa).

In total, 2492 letters were sent to employees within 8 different companies active on the 

Norwegian Shelf, asking them whether they would be willing to participate in a diary study, 

and one of two sub-studies (i.e. an interview, or cortisol sampling, of which the latter was 

most time-consuming) if they fulfilled the inclusion criteria. Inclusion in the present cortisol 

sampling study was restricted to: 1) male employees, 2) working a 2-week offshore period 

of either night work or day work during the course of the study period, and 3) who had a 

minimum of two years offshore rotation experience. The exclusion criteria were: 1) having a 

health problem or taking medication that could influence cortisol excretion, or 2) taking sleep 

medication, melatonin, or light treatment after the working period.
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It was expected that less than half of the 2492 met the inclusion criteria for the present 

study: of the offshore population 91% is male, 55.2% regularly work rotation schedules eligible 

for inclusion, and 91.4% have worked offshore longer than 2 years (20,21). The response rate 

was further restricted by the inclusion criterion of the diary study: responsibility for at least 

one child under the age of 18 years. Even though this inclusion criterion was omitted for 

the present study due to a low response rate, by far most of the respondents had parental 

responsibility.

Written informed consent was received from 52 offshore employees prior to the start of the 

study. Nine respondents were excluded from the study: six were excluded due to use of sleep 

medication or melatonin after the offshore tour, one took the samples during an offshore tour, 

one was transferred to onshore work, and one went on sick leave. A further five withdrew from 

the study, contact was lost with 8 before the start of the study, and one was lost to follow-up. 

The final study sample consisted of 29 employees: 15 after a tour of day shifts and 14 after a 

tour of night shifts.

Saliva sampling and cortisol determination

Neuroendocrine recovery was studied with a repeated measures design with an 11-day 

follow-up. Participants received a saliva test kit, a logbook, and a questionnaire by postal mail. 

Written and oral (telephone contact) instructions on the sampling procedure were given prior 

to the start of the study. Saliva samples were taken over the course of the first 11 days of 

the free period, following a 2-week 12h day shift or a 2-week 12h night shift working period. 

Samples were taken three times a day: at awakening, 30 minutes after awakening, and in the 

evening before bedtime, on the 1st, 4th, 7th, and 11th day of the free period. Reference samples 

were taken on the Sunday that fell at least three days before the offshore tour.

Saliva samples were collected by self-monitoring, using Salivette® Cortisol with synthetic 

swabs (Sarstedt, Ski, Norway). Participants held the synthetic swab in the mouth for two 

minutes, placed it back in the plastic tube, and wrote the date and time of sampling on the 

tube. The participants were asked to refrain from excessive alcohol consumption and intensive 

physical exercise on the days of sampling. They were further asked not to brush their teeth 

or smoke an hour before the sample, and not to take in liquids 15 minutes prior to sampling.

As Norway is situated in the north, with part of the country falling within the arctic circle, 

large variations in day light hours throughout the year, as well as within the country, are found. 

To avoid variation in cortisol concentration due to variations in day light hours, the months 

with the most day light hours (i.e. months expected to show lowest cortisol concentration) 

and the least day light hours (i.e. months expected to show highest cortisol concentration) 

were excluded from the study protocol (22). Saliva samples were, therefore, gathered dur-
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ing the months of February-May and August-November; cortisol concentrations were not 

expected to differ between the two 4-month sampling periods.

To increase adherence to the sampling protocol, a reminder SMS message was sent to the 

participants’ mobile phones the day before the samples had to be taken. Complete data was 

gathered from 22 participants: five participants missed one sample, one missed two samples, 

and one missed three samples.

The samples were stored in the participants’ freezers where, if held under 5°C, they remain 

stable for 3 months (12). The samples were returned to the research institute by mail, where 

they were refrozen at -20°C. Shipment to the laboratory occurred in Styrofoam containers with 

freezer elements to keep the samples cool, and stored at the laboratory at -20°C until analysis. 

Exposure to varying temperatures during transportation does not influence the concentration 

of cortisol (23), neither does freezing and refreezing affect the samples (12).

Detection of cortisol was performed by a mass spectrometer, an Agilent 6460 QQQ (Agilent 

technologies, Santa Clara, CA) equipped with a jet stream ESI ion source, and was operated in 

the positive ion mode. The quantification was achieved by using low-energy collision induced 

tandem mass spectrometry (CDI-MS/MS) in the multiple reaction monitoring (MRM) mode. A 

single precursor ion – product ion transition was measured for cortisol and its internal standard. 

The limit of detection (LOD) was estimated to be 0.62 nmol/L. A more in-depth description 

has been given in Jensen et al. (24). Equivalence between different runs was verified by natural 

saliva samples (2.5 nmol/L and 11.9 nmol/L) as control materials and was analysed together 

with the samples. Westgard control charts were used to document that the trueness and the 

precision of the analytical methods remained stable (25).

Outcome measures

The repeated independent variables were: measured salivary cortisol concentration at awak-

ening, 30 minutes after awakening, and before bedtime. Based on the measured concentra-

tion three derived variables were calculated. 1) Daily CAR, i.e. the absolute difference between 

cortisol concentration at awakening and 30 minutes after awakening. When the sample ‘30 

minutes after awakening’ was taken later than 60 minutes after awakening, it was excluded 

from analysis. 2) Daily decline to evening concentration, i.e. the absolute difference between 

cortisol concentration at 30 minutes after awakening and before bedtime. 3) Daily average 

cortisol concentration, which was calculated by dividing the sum of the three daily samples 

by three.
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Daily sleep and life-style factors

At 18:00 on the saliva sampling days, participants filled in a logbook assessing bedtime the 

previous night and rising time that morning. In addition, the number of cigarettes smoked, 

and the daily units of alcohol and cups of coffee consumed were assessed.

Demographic, health-, and work-related variables

Background information was assessed with a questionnaire on the first day of the free period. 

Demographic information was assessed with regards to age, marital status, number of children 

under 18 years, and educational level. Self-perceived general health status was assessed using 

a single item question with answer categories on a 5-point Likert scale ranging from ‘very good’ 

to ‘very poor’ (26). Work-related questions assessed information on shift schedule, perceived 

schedule strain, accumulated overtime, and duration of offshore shift work experience. Job 

demands and job control were assessed using subscales from the General Questionnaire for 

Psychological and Social Factors at Work (QPSNordic)(27). Additionally, information on whether 

participants had paid work during their free period was gathered.

Statistical analysis

Statistical analysis was conducted in IBM SPSS Statistics (20.0), with statistical significance set 

at p<0.05. Differences between shift groups for demographic, work-related, and health-related 

background variables were studied by performing Chi-squared tests for schedule strain and 

general health; Fischer’s Exact test for marital status, children under 18 years, level of education 

and extra paid work during the free period; independent-samples t-tests for normally distrib-

uted continuous outcomes; and Mann-Whitney U tests for skewed continuous outcomes.

As cortisol concentration was skewed, data was log-transformed for analysis of the cortisol 

concentration at each measurement. Samples quantified to contain 0 nmol/L cortisol during 

laboratory analysis, were substituted by a random number falling within the range of mean 

± 1 sd (0.31 ± 0.16) of the study sample’s values below the LOD (<0.62 nmol/L). In total, 19 

samples were below the LOD and were imputed. One outlier was excluded from the analyses 

with an extreme value of 101.96 nmol/L in the evening at baseline. CAR, daily decline to 

evening concentration, and average cortisol concentration were calculated on the original 

cortisol measurements.

Differences between shifts and sampling days in cortisol measurements, daily CAR, daily 

decline to evening concentration, and daily average cortisol concentration were tested using 

generalized estimating equations (GEE) analysis with robust standard errors and an unstruc-

tured working correlation matrix. GEE analysis allows inclusion of all participants (n=29), also 

in the case of one or more missing samples as was the case for 7 participants. The model for 

the mean consisted of the main effects for shift (night or day), sampling day (reference day, 



Chapter 6

130

day 1, day 4, day 7 or day 11) and—in case of cortisol measurement—time of day (awakening, 

30 minutes after awakening, or before bedtime). Interactions between all main effects were 

included in the model. To account for variation in sampling times, exact time of sampling 

was added as a covariate in the model for cortisol measures. Differences in sampling times 

between the first and second samples, and between the second and third samples, were 

added to the models for daily CAR and daily decline to evening concentration, respectively.

For the cortisol measurements, when significant effects were found for shift and/or in the 

interaction terms, differences between the reference day and the days of the free period were 

studied by contrasting shift and time of day, whereas differences between the shifts were 

studied by contrasting the estimated means for sampling day and time of day. Differences be-

tween the reference day and the days of the free period for daily CAR, daily decline to evening 

concentration, and daily average concentration were studied by contrasting the estimated 

means of the sampling days for night and day shifts separately; differences between shifts 

were studied by contrasting estimated means of the shifts for each sampling day.

Ethics

Approval for this study was granted by the Region West-Norway Ethics Committee for Medical 

and Health Research (numbers 2009/187-7 and 2009/187-8). Signed informed consent was 

given by all participants prior to the start of the study.

Results

Characteristics of the study sample are given in Tables 1 and 2. Most participants had a partner 

or spouse (93.1%) and children <18 years (89.7%). The average age was 43.5 years with a 

median of 10.5 years of offshore rotation experience. All participants perceived their health 

to be at least moderate. No significant differences were found between the shift groups with 

regards to the background variables. Also, no significant differences in background charac-

teristics were found between those who had participated and those who were eligible to 

participate but with whom contact was lost, who had withdrawn, or were lost to follow-up, 

i.e. no differences in age, partner status, children under 18, shift schedule usually worked, or 

years of offshore experience.

In the working period preceding the measured recovery period, participants on average 

worked 14.7 days offshore (range 10-21 days), with 20.4 hours (range 0-99 hours) accumulated 

overtime, and received 27.1 days off (range 21-31 days). Working hours for night shift workers 

started at 19:00 (78.6%) or 18:30. Working hours for day shift workers started at 07:00 (76.9%), 

06:30, or 08:00.
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On the 1st and 4th day, samples were taken earlier by night shift workers than by day shift 

workers (20-24 minutes throughout the 1st day; 17 minutes at awakening and 31 minutes in 

the evening on the 4th day). On the 7th and 11th day, samples were taken later by night shift 

workers than by day shift workers (15 minutes at awakening and 17 minutes at 30 minutes 

after awakening on the 7th day; 20 minutes in the evening on the 11th day). For the remaining 

samples, smaller average differences were found (1-8 minutes).

Table 1: Characteristics of the study sample (categorical variables)

Total
(N=29)

Day shift
(N=15)

Night shift
(N=14)

c 2 p

N % N % N %

Marital status

partner/spouse 27 93.1 13 86.7 14 100.0 0.483

Single/divorced/widowed 2 6.9 2 13.3 0 0.0

Children <18 years

Yes 26 89.7 15 100 11 78.6 0.100

No 3 10.3 0 0.0 3 21.4

Education

Secondary school 15 51.7 7 46.7 8 57.1 0.715

College or university 14 48.3 8 53.3 6 42.9

Schedule strain

Not at all 7 24.1 5 33.3 2 14.3 5.734(3) 0.125

a little 3 10.3 3 20.0 0 0.0

to some extent 12 41.4 4 26.7 8 57.1

to a large/very large extent 7 21.4 3 20.0 4 28.6

General health

Very good 10 34.5 4 26.7 6 42.9 4.743(2) 0.093

Good 14 48.3 10 66.7 4 28.6

Neither good nor poor 5 17.2 1 6.7 4 28.6

Paid work in free period

No 20 69.0 10 66.7 10 71.4 1.000

Yes, sometimes or always 9 31.0 5 33.3 4 28.6

Schedule usually worked

permanent day 7 24.1 7 46.7 0 0.0

permanent night 2 6.9 0 0.0 2 14.3

Fixed shifts 17 58.6 5 33.3 12 85.7

Other shifts 3 10.3 3 20.0 0 0.0
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Cortisol concentration at each measurement

The cortisol concentrations at each measurement over the sampling days are shown in Figure 

1 (this figure depicts non-adjusted values). Although there was no significant main effect of 

shift on cortisol concentration (p=0.476), significant interactions were found between shift 

and sampling day (p=0.001), shift and time of day (p<0.001), and shift, sampling day and time 

of day (p<0.001).

When compared to the reference day, night shift workers showed changes in cortisol 

measurements on all measures on day 1 (all p<0.001). The ratios of geometric means on day 

1 relative to the reference day were 0.19, 0.19, and 2.70, respectively. Additionally, for night 

shift workers, measurements 30 minutes after awaking on day 4 (p=0.026, ratio of geometric 

means=0.49) and at awakening on day 7 (p=0.025, ratio of geometric means=0.60) were lower 

than those on the reference day.

For day shift workers a difference with the reference day was only found for the measure-

ment at awakening on day 1 (p=0.029, ratio of geometric means=0.70).

Differences between night and day shift workers were found on day 1 for the three mea-

surements at awakening, 30 minutes after awakening, and before bedtime (all p<0.001). The 

Table 2: Characteristics of the study sample (continuous variables)

Total
(N=29)

Day shift
(N=15)

Night shift
(N=14)

t(df) P

N mean ± sd N mean ± sd N mean ± sd

age (years) 29 43.5 ± 9.8 15 43.0 ± 9.1 14 44.1 ± 10.8 -0.290(27) 0.774

Job demands 
(range 1-5)

29 3.2 ± 0.5 15 3.3 ± 0.6 14 3.1 ± 0.3 1.251(23) 0.223

Job control 
(range 1-5)

27 2.9 ± 0.7 14 3.0 ± 0.8 13 2.7 ± 0.6 1.018(25) 0.318

N median IQR* N median IQR* N median IQR* U

Offshore 
experience (yrs)

28 10.5 6.0-15.0 14 10.0 5.8-18.8 14 12.0 5.8-14.3 97.5 0.982

Daily smoking 
(cigarettes)

28 0.0 0.0-0.0 14 0.0 0.0-0.0 14 0.0 0.0-0.9 85.5 0.345

Daily alcohol 
intake (units)

28 0.0 0.0-1.2 14 2.0 0.0-0.9 14 0.0 0.0-1.3 96.0 0.920

Daily coffee 
intake (cups)

28 4.2 3.0-6.3 14 4.0 2.1-5.7 14 4.6 3.3-6.9 79.5 0.395

*IQr=Interquartile range
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Figure 1. Salivary cortisol (geometric mean and 95% CI) on a reference day and on the 1st, 4th, 7th, and 11th day 
of the free period after a 14-day offshore tour of day shifts and night shifts. Samples were taken at wakening, 
30 minutes after awakening and before bedtime. For visual clarity only upper CIs are given for day workers 
and lower CIs for night workers
* difference between shifts (p<0.001)
¤ difference between shifts (p<0.05)
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ratios of the geometric means of the cortisol concentrations for the night shift relative to 

the day shift workers for these measurements were 0.23, 0.20, and 5.17, respectively. Further 

differences between the shift groups were found for awakening on day 4 (p=0.049, ratio 0.63) 

and before bedtime on the reference day (p=0.004, ratio 2.19).

Daily Cortisol Awakening Response

No significant effect for shift (p=0.941), day (p=0.0.349), or their interaction (p=0.243) was 

found for CAR, although relatively large differences between the shift groups were found on 

some of the sampling days (figure 2, non-adjusted values are depicted).
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Figure 2. Cortisol awakening response on a reference day and on the 1st, 4th, 7th, and 11th day of the free period 
after a 14-day offshore tour of day shifts and night shifts. For visual clarity only upper CIs are given for day 
workers and lower CIs for night workers

Daily decline to evening concentration

Significant main effects of shift (p=0.003) and day (p=0.004) were found for decline to evening 

concentration, together with a significant interaction (p=0.002).

Compared to the reference day, decline to evening concentration for night shift workers 

differed on day 1 (p<0.001), day 4 (p=0.014), and day 11 (p=0.045). The estimated decline 

was 9.86 nmol/L on the reference day, while on day 1 there was an estimated increase of 0.25 

nmol/L,on day 4 an estimated decline of 5.44 nmol/L, and on day 11 an estimated decline of 

7.66 nmol/L.

In the day shift group, no differences between the reference day and any of the days off 

were found regarding the decline to evening concentration.
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Mean decline differed between day and night workers only for day 1 (p<0.001, reduction 

of 10.90 nmol/L in day workers versus a modest increase of 0.25 nmol/L in night workers). 

Non-adjusted results are given in figure 3.
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Figure 3. Salivary cortisol decline to evening concentration on a reference day and on the 1st, 4th, 7th, and 11th 
day of the free period after a 14-day offshore tour of day shifts and night shifts. For visual clarity only lower CIs 
are given for day workers and upper CIs for night workers
* difference between shifts (p<0.001)

Daily average cortisol concentration

Significant main effects for shift (p=0.008) and day (p<0.001) were found for daily average 

cortisol concentration, together with a significant interaction (p=0.004).

For night workers a difference relative to the reference day was only found for day 1 (p<0.001, 

2.67 nmol/L on day 1 versus 6.49 nmol/L on the reference day). No differences were found for 

day shift workers between the reference day and any days of the free period.

For night shift workers compared to day workers average cortisol concentration on day 1 

was found to be lower (p<0.001, 5.98 nmol/L for day shift workers and 2.67 nmol/L for night 

shift workers) (Figure 4). From day 4 onward no differences were found between the shift 

groups.
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Figure 4. average daily salivary cortisol concentration on a reference day and on the 1st, 4th, 7th, and 11th day 
of the free period after a 14-day offshore tour of day shifts and night shifts. For visual clarity only upper CIs are 
given for day workers and lower CIs for night workers.
* difference between shifts (p<0.001)

Discussion

The study aimed to assess the course and the duration of the recovery of salivary cortisol after 

2-week 12h day and night shifts, and to study whether there were differences between the 

shift groups. Regarding the course of the recovery from day work, a significantly lower cortisol 

concentration was found at awakening on the first day compared to the reference day; the 

diurnal profile of the remaining days of the free period were aligned with the reference day. A 

short period of recovery may therefore have been needed for day workers that was stable, and 

thus complete, from day 4 onwards. The course of recovery from night work, when compared 

to the reference day, showed a flatter cortisol profile throughout the 1st day, as well as a statisti-

cally significantly lower concentration at 30 minutes after awaking and a smaller decline to 

evening concentration on day 4, a significantly lower cortisol concentration at awakening on 

day 7, and a significantly smaller decline to evening concentration on day 11. The duration of 

the recovery period for night workers may have been up to and possibly over 11 days when 

compared to the reference day: the cortisol diurnal profile had not returned to and stabilised 

at the reference values by day 11. The course of recovery from night work compared to day 

work showed a flatter profile on the first day off and a significantly lower cortisol concentra-

tion at awakening on day 4. No differences between night and day workers were seen from 

day 7 onwards.

The course of cortisol recovery for night workers was distinct: a flattened profile on the 

first day off, on day 4 the characteristic increase after awakening and subsequent decline to 

evening concentration became evident, with the diurnal profile clearly present from day 7. 
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The flattened cortisol profile of night shift workers compared to day workers on the first day 

off was not likely a consequence of exposure to offshore work demands and other work in the 

free period, nor due to health-related, demographic, and life-style factors (alcohol and caffeine 

consumption, smoking), as differences between day and night shift workers were very small 

for these variables. The flattened cortisol profile was similar to that found in another study 

during the first day shift after having worked a week of night work offshore: a small increase in 

cortisol concentration from awakening to 30 minutes after awakening and a small decline to-

wards bedtime (18). The similarity in diurnal profiles implies that in the present study the night 

workers’ cortisol profile mirrored a deregulation of the diurnal rhythm due to the reversed 

sleep/wake cycle that occurred when working at night. In that light, the cortisol profile on 

following measurement days could mirror a re-synchronisation of the cortisol diurnal rhythm 

to day time living.

Contrary to what was expected, no flattened profile was found on day 7 for night work-

ers compared to their reference day or compared to day workers. When comparing cortisol 

concentrations after a 2-week night working period to those after a 2-week day working 

period, Harris et al. (18) found lower concentrations at awakening and at 30 minutes after 

awakening, and higher concentrations before bedtime on day 7. In the present study, only 

a lower concentration at awakening on day 7 was found for night workers compared to the 

reference day. It, therefore, seems that the night shift workers in the present study were more 

recovered after a week off, than those who had participated in the study by Harris et al. (18). 

The difference between the studies could be due to a variety of factors. Firstly, Harris et al. (18) 

had a within-subject design, while the present study had a between-subject design. Secondly, 

Harris et al. (18) averaged the measures from day 6 and 7, which on average could present a 

higher need for recovery than the present study’s measures done on day 7. Thirdly, males have 

been found to adjust their circadian rhythm faster than females (28), which could have led to 

a faster recovery time for the male only population in the present study.

Contrary to what was expected, the results further showed that following a 2-week 12h 

night working period, the duration of cortisol recovery might have been longer than 11 days, 

when compared to a reference day at least three days prior to the offshore working period. 

This duration is still debatable, as only one outcome was significantly different from that of 

the reference day on both day 7 and day 11 and it was not consistent which measure differed. 

Additionally, no differences were found on days 7 and 11 compared to the day shift workers. 

However, the differences compared to the reference day were considered large enough to be 

meaningful: 2.37 nmol/L (ratio of geometric means=0.60) lower at awakening on day 7, and a 

2.20 nmol/L smaller decline towards bedtime on the 11th day. Furthermore, the smaller decline 

in cortisol found on day 11 should not go unnoticed as it could be indicative of negative 
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health: a smaller decline throughout the day, due to increased evening concentrations, has 

been found to predict fatigue 2 years later and all-cause mortality 6 years later (6,7).

Before the present study it was unknown whether a period of neuroendocrine recovery was 

needed after long working hours (1,18). The findings suggest that neuroendocrine recovery 

was needed following 2-week 12h day work: lower cortisol concentration at awakening has 

been associated with subjective ratings of lower sleep quality and with decreased feelings of 

recovery (29). As expected, the duration of recovery was shorter than 7 days: it was found to 

be shorter than 4 days and thereby much shorter than the only assessments done on days 6 

and 7 of the free period studied by Harris et al. (18).

The presence of a period of cortisol recovery for the day and night workers indicates that 

employees working in these compressed and extended schedules might be at risk for de-

veloping negative health complaints (4,30). This may be of specific importance for offshore 

personnel working day and night shifts in on-call duties when short periods of respite are 

insufficient to fully recover between offshore tours. Studies on the consequences of com-

pressed and extended shift schedules on general health are warranted (18,31,32). To give a 

better description of the recovery process over time, future research is recommended to have 

more frequent sampling days when studying day and night workers and a longer follow-up 

duration when studying night workers.

Strengths and limitations

The main strength of the study is the larger number of measurement days during a longer 

follow-up period than previous studies (18,33) enabling the analyses of both the course and 

the duration of the recovery process. An additional strength of the study is the strict inclusion 

and exclusion criteria for participation (13). Participation was restricted to male employees 

that controlled for differences between sexes (34,35). As 91% of the Norwegian offshore 

employees are men, the study covered the dominant gender on the Norwegian shelf (21). 

Participants further needed to have at least 2 years of offshore experience, so that they were 

adapted to working in an offshore context. Participants were excluded if they used medication 

that has known effects on cortisol excretion or used circadian phase advancing aids, such as 

sleep medication or light therapy. Additionally, study protocol took into account the large 

variation in day light hours found throughout the year and within Norway; analyses with time 

of the year as covariate showed similar concentrations for the samples taken in the period 

February-May and August-November (data not shown). In this way, the course of neuroendo-

crine recovery could be described without these interfering factors. However, generalisation 

of the results to the general male offshore population as well as to other occupations should 

be done with caution. Specifically the participants who worked night shifts might represent 

a healthy, shift work tolerant, group: participants were excluded if they used sleep medicine, 
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a medication that sufferers from Shift Work Disorder are more likely to use (36). In addition, 

compared to other occupations, offshore personnel constitute a group of healthy workers, 

as they need to meet the requirements of a health certificate to safely work in a high risk 

environment far from medical facilities. Therefore, neuroendocrine recovery time is likely to be 

longer in other populations if similar shifts are worked.

Self-monitoring as a method of gathering salivary cortisol data has its strengths and limita-

tions. On the one hand, it is convenient for the participants to take samples in the privacy 

of their own homes, removing travelling time to research facilities, and possibly increasing 

participation rate. Self-monitoring further increased sample size by increasing the geographic 

area from which participants could be recruited. On the other hand, deviating from the sam-

pling protocol is easier with self-monitoring through lack of close control by the research 

team. Deviations from the sampling protocol were found for 16% of the samples: 23 of the 

sampling days were not on the 1st, 4th, 7th, or 11th day of the free period, but on the days after 

or preceding the protocol days. However, sensitivity analysis in which samples were excluded 

that deviated from the protocol days showed that effect estimates hardly differed from the 

original analyses, and where they differed, they still supported the main conclusions from the 

original analyses (data not shown).

The choice of the reference day may have had its strengths and limitations as well. A strength 

was that it fell on a Sunday, the main day of rest in Norway when shops and schools are 

closed. Therefore, it was hypothesised that stress for household activities, chores, and school 

preparation was low. Additionally, the reference Sunday had to be at least three days prior to 

the offshore working period. This was considered long enough to avoid the saliva samples 

from representing some level of anticipatory stress and mental preparation for the upcom-

ing offshore working period and for leaving the family. However, whether the participants 

experienced any level of stress was not assessed and any possible influence of such stress on 

the reference values cannot be judged. A limitation regarding the reference day was that it 

was based on samples from a single day. Due to the high intra-individual variability of cortisol, 

aggregated data from multiple reference days is preferable.

A limitation of the study was the low sample size that may have decreased the power and 

therefore may have reduced the chance to detect differences between days and between 

shifts, as was the case with CAR in the present study. Additionally, the low sample size re-

stricted the analyses: control for confounding effects of health or age on cortisol concentra-

tion was not possible. Further, regarding the statistical analyses, no adjustments were made 

for multiple testing when contrasting the outcomes, whereby the chances for false positives 

may have been increased.
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An additional limitation of the study was the assessment and use of rising time as a proxy 

for waking time. The first cortisol sample of the day should be taken closest to waking time as 

cortisol concentration is dependent on awakening: delays in sampling of >15 minutes have 

been associated with a blunted CAR (37). Assessment of rising time does not give insight into 

whether participants were compliant with the sampling protocol, i.e. taking the first sample 

at awakening; the degree to which deviations from the sampling protocol influenced the 

morning cortisol measures is not known. Rising time was further used as a proxy for waking 

time when deciding whether to include or exclude cortisol measures for analyses, i.e. when 

the second sample of the day was taken later than 60 minutes after rising. As rising time is 

later than waking time, cortisol measures may have been included that were taken later than 

60 minutes after awakening. Additionally, the self-report of rising time was assessed up to 10 

hours after rising, and could have contained some degree of recall bias.

Cortisol is a useful marker of neuroendocrine recovery from both day and night work as 

HPA-axis activity reflects both exposure to stressful experiences and regulation of the diurnal 

rhythm. However, interpretation of deviations from the cortisol diurnal profile, e.g. whether 

deviations are indicative of a lack of recovery due to prolonged stress, increased fatigue, or 

deregulation of the circadian rhythm, are problematic specifically in the case of shift work. In 

general, activation of the HPA-axis under stressful stimuli increases peripheral cortisol both 

in the morning (CAR) (13) and in the evening (38), while lower CAR has been associated with 

fatigue, exhaustion, burnout, and poorer sleep (13). Exposure to night work, on the other 

hand, has been associated with both a reduced CAR and increased evening concentrations, 

which have been interpreted as indicative of deregulation of the circadian rhythm (18). Future 

research studying the association between cortisol and self-reported outcomes in the context 

of shift work may shed light on what the deviations from the reference values are indicative of.

In conclusion, when taking the study limitations into account, a flat cortisol profile was 

found on the first day following a 2-week 12h night working period that gradually returned to 

the profile of the reference day during the follow-up period. The flat profile was interpreted 

as a deregulation of the cortisol diurnal profile due to a reversed sleep/wake cycle as a con-

sequence of working at night. Neuroendocrine recovery from a 2-week 12h night working 

period may not have been fully complete after 11 days. Recovery from a 2-week 12h day 

working period was needed and complete on the 4th day off.
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