Arh hig rada toksikol 1994;45:211-218

COMPENSATION OF
REDUCED SLEEP IN A
RAPIDLY ROTATING
SHIFT SYSTEM

B. RADOSEVIC-VIDACEK AND
S. VIDACEK

Institute for Medical Research and
Occupational Health, Zagreb, Croatia

Received May 20, 1994

211

ORIGINAL ScienTIFic PAPER
UDC 614.87:331.81

Sleep characteristics were examined in various
phases of a forward rapidly rotating shift cycle
in two groups of workers. In view of the fact
that age is related to both sleep duration and
the incidence of napping the relationships
between sleep characteristics were analysed
with age statistically held constant. The resuits
showed that reduced sleep duration in one
phase of the shift cycle (morning or night shift)
was compensated by prolonged sleep in the
following phase (afternoon shift and days off).
Sleep was not prolonged equally for different
workers; those sleeping shorter in the previous
phase of the shift cycle prolonged their sleep
more while those sleeping longer in the
previous phase prolonged their sleep less.
There was no relationship between the duration
of the main sleep and the incidence of
napping. The results are considered to be an
additional argument in favour of the rapidly
rotating shift system as compared to the
permanent or slowly rotating shift systems.
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One of the most frequent complaints among the shift workers is that they are
unable to sleep adequately. The complaint concerns primarily the sleep following
night work when sleep is displaced to a day period which is unfavourable for
sleep in respect to both internal 24-hour rhythms and external physical and social
influences. As a result, on night shift days workers sleep only five to six hours
(1-3). Sleep on morning shift days can also be shortened, especially if work
starts early in the morning. In a shift cycle only the conditions on afternoon shift
days and days off are favourable for sleep. Napping is a common practice among
some shift workers on morning and/or night shift days, but researchers disagree

on its effects and role (2-6).
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It is questionable whether sleep characteristics within a shift cycle are related
so that reduced sleep in one phase of the cycle is compensated with additional
sleep (nap) in the same phase and/or prolonged sleep in the subsequent phase
of the cycle. The answer to this question can add some arguments in favour of
a certain speed and direction of the shift system rotation (7-10). Our recent
longitudinal study conducted in a homogenous group of young shift workers
showed that reduced sleep on morning and night shift days was not compensated
with napping, but rather with an increase in main sleep duration on afternoon
shift days and days off (11). According to earlier studies, which were performed
among age heterogenous groups of workers, the napping behaviour was related
to the length of the main sleep and results on relationships between sleep durations
in various phases of the shift cycle were inconclusive (2-4, 11). However, age
is related to both the incidence of napping and duration of main sleep (2-4, 12).
In view of this there is a need to control for the effect of age when relationships
between sleep characteristics are analysed. In the present study we examined
the relationship between sleep characteristics in a rapidly rotating shift cycle of
age heterogenous groups of workers with age statistically held constant.

SAMPLE AND METHODS

The data used in the analyses were obtained from the questionnaire studies of
two groups of workers: a group of 604 male oil refinery workers (group A)(2)
and a group of 104 male petrochemical workers (group B). The group A workers
had a mean age of 32.1 years (range from 19 to 61 years) and a mean shift
work experience of 9.7 years (range from 0.5 to 38 years). The workers in group
B had a mean age of 39.8 years (range from 24 to 56 years) and a mean shift
work experience of 16.1 years (range from 4 to 31 years). The groups differed
with respect to age (t=9.22; P<0.001).

Both groups worked in a rapidly rotating three-shift system with shift changes
at 06:00, 14:00 and 22:00 hours. The phases of the shift cycle rotated in the
order morning-afternoon-night shifts and days off (a forward rotation).

The sleep variables analysed were:

- main sleep duration on morning shift days (SD_MS), afternoon shift days
(SD_AS), night shift days (SD_NS), and days off (SD_DO); they were determined
by means of questions about the usual time of going to bed and time of waking
up;

- increase in sleep duration from morning shift days to afternoon shift days
(DELTA_AS_MS);

- increase in sleep duration from night shift days to days off (DELTA-
_DO_NS);

- incidence of napping on morning shift days and night shift days.
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RESULTS

The timing and duration of sleep in various phases of the shift cycle are presented
in Figure 1. If we follow the phase changes we can see that this shift system
enabled workers to increase their sleep on the afternoon shift days after they
had slept for relatively a short time on the morning shift days (on average 6.6
hours in group A and 6.7 hours in group B). The sleep increased on average
2.3 hours (SD=1.8) in group A and 1.4 hours (SD=1.9) in group B. There was
a similar and even more pronounced increase in sleep duration on days off, after
a short sleep on night shift days when the workers slept on average 5.3 hours
in group A and 4.6 hours in group B. In group A the sleep on days off increased
on average by 4.2 hours (SD=1.8) and in group B even by 4.7 hours (SD=2.2).
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Figure1 Sleep/wakefulness rhythm in various phases of the rapidly rotating shift cycle

The notion that increase in sleep duration in favourable conditions compen-
sates for reduced sleep in the preceding unfavourable conditions was investigated
using two groups of partial correlations which hold the effect of age constant
(Table 1). One group were correlations between the sleep durations in the phase
of the shift cycle having unfavourable conditions for sleep (morning and night
shifts) and the sleep durations in the following phase having favourable conditions
(afternoon shift and days off, respectively). The second group were correlations
between the sleep duration in unfavourable phase and increase in sleep duration
from unfavourable to the following favourable phase, i.e. between sleep duration
on morning shift days and increase in sleep from morning shift days to afternoon
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shift days, and between sleep duration on night shift days and increase in sleep
from night shift days to days off.

Table 1 Correlations of sleep duration in one phase of the shift cycle with sleep duration in the
following phase and with increase in sleep duration from one phase to another. Zero-order (r)
and partial correlation coefficients - the effect of age removed from both variables — (r,q,)

-0.14* -0.02 -0.62"**  -0.54** A
SD_MS
-0.20* -0.19* =g =073 B

-0.68** A

0.31™* 0.28"** -0.68
SD_NS

-0.09 -0.10 -0.69"  -0.69** B

*P<0.05 **P<0.001

SD_MS - sleep duration on momning shift days; SD_AS - sleep duration on afternoon shift days; SD_NS - sleep duration on night
shift days; SD_DO - sleep duration on days off; DELTA_AS_MS - increase in sleep duration from morning to afternoon shift days;
DELTA_DO_NS - increase in sleep duration from night shift days to days off; A group (n=604); B group (n=104)

In both groups of workers partial correlations between sleep duration on
morning shift days and increase in sleep from morning to afternoon shift days,
as well as between sleep duration on night shift days and increase in sleep from
night shift days to days off were high and negative (fourth column in Table 1).
Thus, the workers who slept shorter on the morning shift days prolonged their
sleep on the following afternoon shift days more than the workers sleeping longer.
Similarly, the workers who slept shorter on the night shift days prolonged their
sleep more on the following days off than the workers sleeping longer.

However, out of the partial correlations between sleep durations in two phases
of the shift cycle (second column in Table 1) only the low negative correlation
was found between sleep durations on morning and afternoon shift days in group
B and the low positive correlation between sleep durations on night shift days
and days off in group A. Thus there were no stable relationships between sleep
durations in the two adjoining phases of the shift cycle as were found between
sleep duration in one phase and increase in sleep from that phase to the following
one.

In both examined groups the workers who usually took a nap were older
than the workers who took a nap occasionally or those who usually did not take
a nap (in group A: F(2,601)=9.01; P<0.001 for morning shift and F(2,601)=75.55;
P<0.001 for night shift; in group B: F(2,101)=3.17; P<0.05 for morning shift and
F(2,101)=5.91; P<0.01 for night shift). The relationship between the incidence of
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napping and duration of the main sleep in the same phase of the shift cycle was
examined by means of the one-way analysis of variance testing the differences
in the main sleep duration between three groups of workers: the workers usually
napping, those napping occasionally and those usually not napping. To control
for the effect of age the analyses were performed using residuals, i.e. differences
between the observed values and the values predicted by age.

OCCASIONALLY, OGGASIONALLY YES
57.6% YES 61.5% 17.3%
9.6%
NO
NO 21.2%

32.6%
MORNING SHIFT MORNING SHIFT
A B

YES YES
33.8% 35.6%
OCCASIONALLY OCCASIONALLY NO
37.6% 54.8% 9.8%
NO
28.6%

NIGHT SHIFT NIGHT SHIFT
A B

Figure 2 Percentage of workers usually napping, napping occasionally and usually not napping
(A group n=604, B group n=104)

The analyses showed that the workers differing in napping strategies on
morning shift days did not differ in their main sleep duration, either in group A
(F(2,601)=1.58) or group B (F(2,101)<1). Similarly, shift workers differing in nap-
ping strategies on night shift days did not differ in the duration of the main sleep
on these days, either in group A (F(2,601)=2.76) or in group B (F(2,101)=1.32).

DISCUSSION

In a rapidly rotating shift system where each phase of the shift cycle having
unfavourable conditions for sleep is followed by a phase having favourable con-
ditions for sleep, workers have the possibility to prolong their sleep after it has
been shortened for a few days. The results of this study show that in this shift
cycle reduced sleep in one phase is compensated with increase in sleep in the
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following phase. Moreover, the increase in sleep is not identical in all workers:
workers sleeping shorter in the phase with unfavourable conditions for sleep pro-
long their sleep more while those sleeping longer in the previous (unfavourable)
phase prolong their sleep less. These results have been obtained for both examined
groups working in different industries. The same relationships have also been
found in our longitudinal study of young shift workers of homogenous age (11).
The notion that sleep in more favourable conditions makes up for reduced sleep
in less favourable conditions was rejected in an earlier shift work study because
the correlation between sleep durations on working and non-working days was
not negative but positive (12). However, this study as well as the previously
mentioned longitudinal study of a homogenous group of young shift workers
show that a negative correlation between sleep durations in two phases of the
shift cycle could not be a basis for rejecting the compensatory notion. The existence
of compensation is revealed through a negative correlation between reduced sleep
duration in unfavourable conditions and the amount of sleep increase in more
favourable conditions. This correspondence shows that a worker who sleeps shorter
on morning or night shift days is also likely to increase his sleep more on the
days of the following shift phase, i.e. afternoon shift days or days off, and one
who sleeps longer is also likely to increase his sleep less. The possibility to
compensate for shortened sleep is especially important after night shift days
when a large percentage of workers sleep less than five hours which is considered
to be an obligatory quota (13).

The present results show that there is a relationship between the shift worker’s
age and napping incidence. When the effect of age upon sleep duration was
statistically controlled there was no relation between the incidence of napping
and the main sleep duration; the workers usually napping, either on morning or
night shift days, did not sleep shorter than the workers usually not napping.
Likewise, such relationship was not found among young shift workers of homo-
genous age (11). These data seem to indicate that in shift workers naps do not
occur to compensate for reduced main sleep. The question that still requires an
answer is whether there is a relationship between the duration of main sleep and
the duration of nap, and also whether appetitive and replacement nappers: can
be identified among workers usually napping (14).

There is a dispute on which shift schedule is superior: permanent shifts in
which the hours of work remain the same from day to day, slower rotating shifts
with one week or more at one shift timing before moving to a different timing,
or quicker rotating shifts with very short round of duty at one shift timing before
moving to a different timing (10, 15, 16). In the rapid rotating shift system each
phase involves only two or three days in a row and thus results in fewer successive
sleeps in unfavourable conditions (night and morning shifts) and eventually in a
less cumulative sleep loss which tends to build up after many successive nights
(17). This study taking account of the duration of sleep in various phases within
the shift cycle forwards the argument of immediate compensation of reduced
sleep in favour of the rapidly rotating shift schedule.



Radosevié-Vidacek B, Vidadek S.. COMPENSATION OF REDUCED SLEEP IN A RAPIDLY ROTATING SHIFT SYSTEM 21 7
Arh hig rada toksikol, Vol 45 (1994) No 3, pp. 211-218

REFERENCES

1. Knauth P, Landau K, Droge C, Schwitteck M, Widynski M, Rutenfranz, J. Duration of

sleep depending on the type of shift work. Int Arch Occup Environ Health 1980;46:167-77.

2. Radosevi¢-Vidacek B. The relationship between sleep characteristics and some dimensions

of individual differences in shift workers. (MSc Thesis). Zagreb: University of Zagreb, 1986.
191 p.

3. Radosevic-Vidacek B, Vidacek S, Kaliterna Lj, Ravli¢ M, Lali¢ V, Prizmi¢ Z. Main and
additional sleep characteristics of rotating shift workers. Arh hig rada toksikol 1991;42:175-
83.

. Akerstedt T, Torsvall L. Napping in shift work. Sleep 1985;8:105-9.

5. Dinges DF. Napping patterns and effects in human adults. In: Dinges DF, Broughton RJ,
eds. Sleep and Alertness: Chronobiological, Behavioral, and Medical Aspects of Napping.
New York: Raven Press, 1989:171-204.

6. Tepas DI, Carvalhais AB, Popkin SM. Shift worker nap strategies. Sleep Research
1990;19:125.

7. Knauth P. Guidelines for shift workers. Dublin: European Foundation for the Improvement
of Living and Working Conditions, 1989.

8. Wedderburn A. Guidelines for Shift workers. Dublin: European Foundation for the Impro-
vement of Living and Working Conditions, 1991.

0. Vidagek S, Radogevié-Vidaek B. Recommendation related to shift work (Preporuke u vezi
sa smjenskim radom). Arh hig rada toksikol 1992;43:19-38.

10. Folkard S. Is there a 'best compromise’ shift system? Ergonomics 35;1992:1453-63.

11. Radosevic-Vidacek B, Vidacek S, Kaliterna Lj, Prizmi¢ Z. Sleep and napping in young
shift workers: A five-year follow-up. 11th International Symposium on Night and Shift work.
Melbourne 1994. Abstracts p. 80-1.

12. Tepas DI, Carvalhais AB. Sleep patterns of shift workers. Occupational Medicine: State of
the Art Reviews 1990;5:199-208.

13. Horne JA. Sleep loss: Underlying mechanisms and tiredness. In: Folkard S, Monk TH, eds.
Hours of Work. Chichester: John Wiley and Sons, 1985:53-65.

14. Evans FJ, Cook MR, Cohen HD, Orne EC, Orne MT. Appetitive and replacement naps:
EEG and behavior. Science 1977;197:687-9.

15. Wilkinson RT. How fast should the night shift rotate? Ergonomics 1992;35:1425-46.

16. Wedderburn Al. How fast should the night shift rotate? A rejoinder. Ergonomics
1992;35:1447-51.

17. Kiesswetter E, Knauth P, Schwarzenau P, Rutenfranz J. Daytime sleep adjustment of
shift workers. In: Koella WP, Rither E, Schulz H, eds. Sleep '84. Stuttgart: Gustav Fisher,
1985:1988-9.

£=N

SaZetak

NADOKNADA SKBACENOG SPAVANJA U SUSTAVU
BRZOROTIRAJUCIH SMJENA

|spitane su neke karakteristike spavanja u dvije skupine radnika heterogene dobi. Radnici su radili u brzorotirajuem
smjenskom ciklusu s fazama koje se izmjenjuju po redosljedu: jutarnje, poslijepodnevne, nocne smjene te slobodni dani.
Svrha ispitivanja bila je utvrditi postoje li pouzdani odnosi izmedu karakteristika spavanja u razlicitim fazama smjenskog
ciklusa koji bi govorili o kompenzaciji skracenog spavanja u jednoj fazi smjenskog ciklusa s dodatnim spavanjem u istoj fazi
ifili s produljenim spavanjem u narednoj fazi smjenskog ciklusa. Buduci da su trajanje spavanja | ucestalost dodatnog
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spavanja povezani s dobi odnos izmedu karakteristika spavanja u razliGitim fazama smjenskog ciklusa ispitan je nakon $to je
statisticki uklonjen utiecaj dobi iz analiziranih variabli, Nije nadena povezanost izmedu trajanja glavnog spavanja i ugestalosti
dodatnog spavanja. Utvrdeno je da se reducirano spavanje u jednoj fazi smjenskog ciklusa koja je nepovoljna za spavanje
(jutarnjoj, odnosno nocnoj smjeni) kompenzira produzivanjem spavanja u narednoj fazi koja je povoljna za spavanje
(poslijepodnevnoj smjeni, odnosno slobodnim danima). ProduZivanje nije jednako u svih radnika: oni radnici koji u prethodnoj
fazi spavaju krace produZuju svoje spavanje vide, a radnici koji u prethodnoj fazi spavaju dulje produZuju svoje spavanje
manje. Dobiveni rezultati govore u prilog preporuke brzorotirajuceg smjenskog sustava u odnosu na sustav permanentnih ili
spororotirajuéih smjena.

Kljucne rijeci:
dob, dodatno spavanje, karakteristike spavanja, smjenski rad, trajanje glavnog spavanja
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