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SUMMARY
The aim was to study the time-of-day variations of cortisol, fatigue and sleep disturbances in sound engineers in relation to job task and shift 

work. The concentration of saliva cortisol and feeling of stress, sleepiness and fatigue were followed at three hour intervals in 21 sound engineers: 
13 sound engineers, aged 45.1 ± 7.3 years, broadcasting in a life show during fast forward rotating shifts and 8 sound engineers, aged 47.1 ± 
9.8 years, making records in a studio during fast rotating day shifts. Cortisol concentration was assessed in saliva with radioimmunological kits. 
The participants reported for stress symptoms during the shifts and filled sleep diary. The data were analyzed by tests of between-subjects effects 
(SPSS). A trend for higher cortisol was found with the group broadcasting in a life show. The sound engineers broadcasting in a life show reported 
higher scores of stress, sleepiness and fatigue, but no significant differences concerning the sleep disturbances between the groups were found. 
In conclusion our data show moderate level of stress and fatigue with the studied sound engineers, higher with the subjects broadcasting in a life 
show. The quality of sleep showed no significant differences between the studied groups, an indication that the sound engineers were able to 
tolerate the fast forward rotating shifts.
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INTRODUCTION

One of four subjects feels stressed at work, 10 to 12% of the 
people report that they are working under high occupational 
stress. The proportion of people working on shifts is increasing, 
too, and the combination of stressful job task with shift work is 
of special interest to the occupational medicine. The both factors 
are related to higher risk of sleep disturbances, fatigue and ill 
health (1–4), especially when the shift schedules involve night 
work. The rapid forward-rotating shift systems are considered to 
cause less problems and to promote faster recovery in relation 
to both sleep and social activities (5–7), is associated with better 
physical and psychological well being and lower level of fatigue 
(8). A variety of job task characteristics can  influence stress level. 
The studied sound engineers consider the problems related to the 
sound equipment as the most stressful, followed by work under 
time pressure and ergonomic problems in the studios. Some of the 
sound engineers are engaged  in a life show broadcasting, which 
could contribute to higher stress level, too.

Cortisol, a reliable indicator of stress, displays pronounced 
variation across the time of day and both shift work and stress 
may alter the secretion levels and circadian  pattern. A long lasting 
increase of circulating cortisol levels or changes in the circadian 
rhythm of the hormone lead to allostatic load and are associated 
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with increased risk of metabolic and cardiovascular diseases, 
depression, etc. (9–12).

The aim was to study the time-of-day variations of cortisol, 
fatigue and sleep disturbances in sound engineers in relation to 
their job task and shift work.

STUDY POPULATION AND METHODS 

Study Population and Design
Our study involved 21 sound engineers from a radio depart-

ment, working very fast forward rotating shifts. About 50% of 
the approached sound engineers agreed to participate in the study 
and were divided in two groups on the basis of job task, as fol-
lows: group I – 13 sound engineers broadcasting in a life show 
and working discontinuous forward rotating shifts (M A E R N 
R) aged 45.1 ± 7.3 years with length of service 21.4 ± 11.3 years 
and group II – 8 sound engineers making records in a studio and 
working fast rotating morning, afternoon and evening shifts, aged 
47.4 ± 9.9 years with length of service 24.5 ± 7.1 years. The start 
and the end of the shifts of the sound engineers broadcasting in 
a life show was as follows: morning shift – from 05:30 to 13:30, 
afternoon one from 11:30 to 19:30, the evening shift from 17:30 
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to 24:30, night shift from 24:00 to 06:00. The start and end of 
working hours in studio recording engineers were the following: 
morning shift – from 07:00 to 15:00, afternoon one from 11:30 to 
19:30, the evening shift from 14:00 to 22:00, so the start and the 
end of shift was the same for all the studied subjects only during 
the afternoon shift.

Cortisol
The concentration of saliva cortisol was followed three times 

a day starting at 12:00, then at 15:00 and at 18:00 hours. The par-
ticipants were instructed to avoid food and liquids for 30 minutes 
before these time points. The cortisol samples were analyzed by 
radioimmunoassay using Spectria (125I) radioimmunoassay kit 
(Orion Diagnostica, Finland). The within-assay coefficient of 
variation ranged from 0.8 to 5.2 % and the between-assay coef-
ficients never exceeded 8%.

Self-ratings
At the above time points the participants made ratings in a diary 

concerning stress, sleepiness and fatigue. The stress scale included 
nine response categories (13), five included verbal anchors: 
1 – very low stress (very calm and relaxed), 3 – low stress (calm 
and relaxed), 5 – neither low nor high stress, 7 – high stress (high 
tension and pressure), 9 – very high stress (very high tension and 
pressure). The participants also rated their sleepiness during the 
shifts using Karolinska Sleepiness Scale (KSS) (1 – very alert, 
3 – alert, 5 – neither alert nor sleepy, 7 – sleepy, 9 – very sleepy, 
fighting sleep, effort to stay awake), validated against physiologi-
cal and behavioral measures (14). During the shifts they also rated 
their feeling of fatigue using 9 point scale (1 – very fresh, 3 – fresh, 
5 – neither fresh nor tired, 7 – tired, 9 – very tired).

At the end of the shift, the participants reported how their day 
had been in respect to different symptoms of stress. The ques-
tions were pointed towards gathering information whether one 
had felt tense, irritated, exhausted, under time pressure, or had 

difficulties in concentrating (1 – not at all, 5 – to a large extent) 
and whether they had enough rest during the day (1 – definitely 
enough, 5 – far from enough).

Sleep Disturbances
The participants filled in the Karolinska Sleep Diary (KSD) 

(15). It consists of questions concerning “sufficient sleep”, “early 
awaking”, “ease of falling asleep” and “stress or restlessness at 
bed”. Their answers were rated using 5-point scale (1 – poor sleep, 
5 – no problems with sleep). To measure the quality of sleep, 
a sleep quality index (SQI) was reflected in answering questions 
such as “restless sleep”, “ease of falling asleep”, “sleep quality” 
and “sleep throughout”. 

Statistical Analyses 
The time-of-day variations of the studied indices were ana-

lyzed by tests of between-subjects effects (SPSS) and correlation 
analysis.

RESULTS 

A trend for higher saliva cortisol (F(1,51)=3.475, p=0.068) was 
found in the group of sound engineers engaged in a life show 
broadcasting as compared to the group making records in a studio 
(Fig. 1). In both groups the cortisol values slightly decreased at the 
second time point following the diurnal pattern of the hormone, 
but increased at the end of the shift. No significant effect of the 
time-on-shift on cortisol secretion was found.

Significantly higher scores of stress (F(1,51)=9.393, p=0.004) 
were found in sound engineers engaged in a life show broadcast-
ing (Fig. 2). Sleepiness did not differ significantly between the 
studied groups during the afternoon shift (Fig. 3), but increased 
significantly with shift advancing (F(1,51)=4.240, p=0.020). Sound 
engineers broadcasting in a life show showed higher level of 
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Fig. 1. Saliva cortisol in sound engineers broadcasting in a life show and making records in a studio during afternoon shift.
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fatigue (F(1,51)=6.300, p=0.016). Fatigue increased with the time-
on-shift in the frame of trend (F(2,51)=2.374, p=0.1) and was the 
highest at the end of the shift in both groups (Fig. 4).  

Our data showed no significant differences between the two 
groups for the reported stress symptoms, except for the time pres-
sure, reported to be significantly higher in sound engineers group 
making  records in a studio (F(1,22)=9.613, p=0.007). The sound 
engineers felt moderately tense and irritated, but rather exhausted 
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Fig. 3. Sleepiness in sound engineers broadcasting in a life show and making records in a studio during afternoon shift.
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Fig. 2. Subjective feeling of stress in sound engineers broadcasting in a life show and making records in a studio during 
afternoon shift.

at the end of the shifts (Table 1). They found also that the work 
load was high and the rests during work not adequate.

The sleep duration was a bit of longer with the sound engineers 
making records in comparison to the ones broadcasting in a life 
show (Table 2), but no significant differences concerning sleep 
quality were found between the two groups. The quality of sleep, 
i.e. difficulties in falling asleep, fragmented sleep, and sleep qual-
ity index were rated as moderate by the two studied groups.
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DISCUSSION

Considering cortisol and self ratings our data showed moderate 
stress level with the both groups sound engineers. The cortisol 
values were slightly higher in the sound engineers broadcast-
ing  in a life show in comparison to the ones making records in 
a studio. Also the ratings of stress during the shift were higher in 
the former group. Unlikely cortisol and stress ratings during the 
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Fig. 4. Fatigue in sound engineers broadcasting in a life show and making records in a studio during afternoon shift.

Table 1. Stress symptoms at the end of the afternoon shift 
in sound engineers broadcasting in a life show and making 
records in a studio

Indices (max score)
Broadcasting 
in a life show
(night shifts)

Making records 
in a studio 

(no night shifts) 

Tense (max-5) 3.63 ± 0.92 3.29 ± 0.48

Irritated (max-5) 3.36 ± 0.92 3.43 ± 0.53

Exhausted (max-5) 3.91  ± 1.04 3.43 ± 0.53

Time pressure (max-5) 1.82 ± ± 0.87 3.14 ± 0.90

Problems with 
concentration (max-5) 3.18 ± 0.98 3.29 ± 0.49

High work load (max-5) 3.72 ± 0.78 4.00 ± 0.58

Little time for rest (max-5) 3.54 ± 1.63 3.86 ± 1.07

Table 2. Sleep duration and quality in sound engineers broad-
casting in a life show and making records in a studio

Indices 
Broadcasting 
in a life show
(night shifts)

Making records 
in a studio 

(no night shifts) 

Sleep (h) 7.82 ± 0.88 8.35 ± 1.00

Sleep quality 2.59 ± 0.87 2.80 ± 0.87

Suffi cient sleep 3.29 ± 0.77 2.90 ± 0.57

Fatigue at awakening 3.00 ± 0.87 2.80 ± 0.88

Ease of falling asleep 2.76 ± 1.03 2.70 ± 0.82

Sleep fragmentation 2.94 ± 0.83 2.90 ± 0.99

Early awakening 3.00 ± 1.32 3.70 ± 1.06

Sleep quality index 2.71 ± 0.62 2.62 ± 0.44

shift the engineers making records reported higher scores for time 
pressure, known to  be associated with higher cortisol values in 
other occupational groups (16).  The increase of cortisol at the 
end of the shift in both groups in comparison with the second 
time point is most probably associated with time pressure and 
stress, too, as earlier shown (17).  Also, the both studied groups 
found that the work load was high and the rests during work not 
adequate, the sound engineers felt moderately tense and irritated, 
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but rather exhausted at the end of the shifts, especially the ones 
broadcasting in a life show. The latter group showed higher level 
of sleepiness and fatigue during the shift. 

One of the main problems with stress and shift work are the 
disorders of sleep (1, 2). Besides the sleep duration of the engi-
neers making records in a studio was a bit of longer, no significant 
differences concerning sleep quality between the two groups were 
found. Taking into account that the sound engineers broadcasting 
in a life show worked discontinuous schedules with night shifts 
and showed higher stress at work, the lack of significant differ-
ences in sleep quality might be associated with comparatively low 
disruption of the circadian system with the fast forward rotating 
shifts, as was found in several studies earlier (18–20). 

In conclusion our data show moderate level of stress and 
fatigue in the studied sound engineers, higher in the subjects 
broadcasting in a life show. The quality of sleep showed no 
significant differences between the studied groups, an indication 
that the sound engineers were able to tolerate the fast forward 
rotating shifts.


