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Sleep, sleepiness and need for recovery of industrial 
employees after a change from an 8- to a 12-hour 
shift system
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Abstract: Employees often prefer 12-hour work shifts but they can increase sleepiness and injury 
risk. We assessed whether sleep, sleepiness, satisfaction and need for recovery changed after 
changing from an 8-hour to a 12-hour shift system. The participants were 178 employees of the 
paper, pulp and chemical industries. Using a quasi-experimental controlled intervention design, 83 
employees, who changed from an 8-hour shift schedule to a 12-hour shift schedule were compared 
to those who remained in the 8-hour shift schedule (n=95). Participants filled in a survey on 
sleep, sleepiness, satisfaction and need for recovery at baseline and 9–12 months after the shift 
schedule change. We used generalized estimation equation models adjusted for age, sex, shift work 
experience in years and baseline shift system. Sleep length was longer in the 12-hour shift schedule 
before the first morning shift and between morning shifts. Sleepiness during morning shifts was less 
frequent and satisfaction with the shift system was more prevalent in the 12-hour shift schedule. 
Also, perceived negative associations of the current shift system with work-life balance were less 
common in the 12-hour shift schedule. The differences found between the shift systems were minor 
and the results did not indicate significant disadvantages of the 12-hour fast forward-rotating shift 
system.
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Introduction

Shift work, especially night shift work, increases the risk 
of several diseases including metabolic disorders1), cardio-
vascular diseases2), and certain cancers3, 4). However, the 

risks of shift work may depend on several shift characteris-
tics such as the number of consecutive work shifts, the in-
ter-shift recovery time, and the length of shifts5). 

Extended work shifts (>8 h) have become more popular 
in Europe6, 7) and despite the digitalizing work life almost 
30% of industrial workers still work in shifts8). Employees 
tend to prefer 12-hour shifts as long shifts provide better 
opportunity for longer time-off periods from work, reduce 
the commuting time to work and increase the possibilities 



nine paper and pulp or chemical factories in Finland. The 
decisions to change from 8-hour to 12-hour shifts arose 
from companies’ desire to investigate the suitability and 
well-being effects of the 12-hour shift system in some fac-
tories. A request to participate was sent to 1,023 employees 
of whom 599 employees answered the questionnaire at 
baseline (59% response rate) and 351 at follow-up 9 to 12 
months later (59% response rate). Two factories that were 
already working 12-hour shifts at baseline were excluded. 
The analytical sample consisted of 178 participants who all 
had an 8-hour shift schedule (MMEENN---- (n=98) or 
MMMM-EEEE-NNNN------ (n=80)) at baseline. In a qua-
si-experimental controlled intervention study design, 95 
participants of three factories stayed in their 8-hour for-
ward-rotating shift systems (i.e., control group) and 83 par-
ticipants of four factories changed to the 12-hour for-
ward-rotating shift systems (DDNN------ or DD-NN-----) 
(i.e., intervention group). Control group and intervention 
group were working in different factories. Data was col-
lected from both groups at baseline and during the fol-
low-up (Fig. 1). The shift change times were 7:00 and 
19:00 in the 12-hour system, 6:00, 14:00 and 22:00 in the 
slowly forward-rotating 8-hour system, and 6:00, 14:00 
and 22:00 or 7:00, 15:00 and 23:00 in the fast forward-ro-
tating 8-hour system. 

Demographics 
Participants filled in questionnaires on sociodemograph-

ics (age, sex, and children under 18 years living in the same 
household), body mass index (BMI, kg/m2), and shift work 
experience (years). Chronotype was rated on a five-point 
scale which was dichotomized to ‘morning type’ (1=abso-
lutely morning type to 3=neither) and ‘evening type’ 
(4=more evening type and 5=absolutely evening type)24). 
Use of sleep promoting medication or substances during 
the past three months had four categories: never, less than 
once a week, several times a week, every day/nearly every 
day25).

Sleep and sleepiness
Questions on sleep included habitual sleep length 

(hh:mm), morning and night shift-specific average sleep 
duration (hh:mm), frequency of morning and night 
shift-specific sleep difficulties in the past three months (dif-
ficulties in initiating and maintaining sleep, difficulties in 
waking up and excessive daytime sleepiness)25). Occur-
rence of severe sleepiness during morning and night shifts 
work was assessed with four categories (never/seldom, 
quite seldom, quite often, and often/continuously). To as-

for recovery from fatigue and sleep loss9). Our previous 
study, limited to cross-sectional baseline study design, 
showed that Finnish industrial employees were more satis-
fied with 12-hour shifts than 8-hour shifts and perceived 
their shift system more beneficial to health and work-life 
balance10). However, long work shifts (≥12 h) can increase 
the risk of fatigue, compromised sleep and other adverse 
outcomes11). For example, compared to usual 8-hour work 
shifts, 12-hour shifts may increase errors12) and accident 
risk13) likely via increasing fatigue towards to the end of a 
long work shift14). Longer, 12-hour shifts may also affect 
employee’s recovery from work. Shift work including night 
work has been associated with elevated need for recovery 
from work compared to day work15). The association of a 
change from 8-hour to 12-hour shifts with the need for re-
covery has, however, not been studied.

Regarding sleep, longer 12-hour shifts have associated 
with both better10) and poorer14) sleep and findings do not 
provide an unambiguous judgment of the effects of 12-hour 
shifts. Indeed, the length of a shift as such may not be the 
main risk predictor of wellbeing among shift workers9). 
Even within a regular shift schedule with long work shifts, 
significant variations especially in the direction of rotation, 
shift start and end times, and the number of consecutive 
work shifts and days-off can occur. Research supports 
fast-forward rotating shift schedules (e.g., MMEENN-days 
off) as more ergonomic than slower and/or backward rotat-
ing shift schedules16–18). Overall, the evidence on the effects 
of 12-hour shifts on wellbeing is equivocal9, 19). 

Most studies on 12-hour shifts, sleep and sleepiness have 
been cross-sectional6, 20, 21). Follow-up studies12, 14, 22), on the 
other hand, have often lacked control groups, making these 
“before-after” studies sensitive to comparison bias. Due to 
practical reasons, no randomized work-life studies on the 
effects of extended workdays in shift work exist. We were 
able to find only one study of sleep and sleepiness that uti-
lized a quasi-experimental setting with a control group23). 

The aim of the present study is to examine the impact of 
changing from an 8-hour shift system to a 12-hour shift 
system on sleep, sleepiness, satisfaction and need for re-
covery among Finnish industrial employees before and af-
ter they changed from two different regular 8-hour shift 
systems to a regular 12-hour shift system.  In the follow-up, 
those who stayed in the 8-hour shift systems were com-
pared to those who changed to the 12-hour shift system.

Subjects and Methods

The study participants were employees working shifts in 
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balance, c) fluency of work and d) commuting were as-
sessed using items from Standard Shiftwork Index (SSI)30). 
Each item was rated on a five-point scale and was dichoto-
mized to disturbs (1=disturbs/compromises a lot or 2=dis-
turbs/compromises to some extent) and do not disturb 
(3=do not disturb/compromise or improve to 5=improves a 
lot). 

Ethical issues
Ethical approval for the study was obtained from the 

Ethical Committee of the Finnish Institute of Occupational 
Health. Before participation the employees were informed 
about the study and answering to surveys was considered as 
consent to participate in the study. 

Statistical Analysis
Statistical analyses were conducted using IBM SPSS 

25.0 (Chicago, IL, USA). The Pearson Chi-square test and 
Student’s t-test were used to compare baseline variables in 
those who continued to work in an 8-hour shift system and 
those who changed to a 12-hour shift system. Generalized 
estimating equations (GEE) estimates population aver-
age effects and allows modeling of correlated longitudinal 
data31). We used GEE with independent correlation struc-

sess the level of sleepiness during morning and night shifts, 
participants retrospectively evaluated their sleepiness 
during work shifts in 2-hour periods in the previous three 
months using the nine-grade Karolinska Sleepiness Scale 
(KSS)26). The ratings were dichotomized as ‘not sleepy 
(1=extremely alert to 6=some signs of sleepiness) and 
sleepy (7=sleepy, but no effort to keep awake to 9=very 
sleepy, great effort to keep awake, fighting sleep) for anal-
yses.

Health, need for recovery and perceived effects of shift 
work

Subjective health compared with age peers, was rated on 
a five-point scale from 1=very bad to 5=very good)27) and 
self-rated work ability on an 11-point scale (0 to 10)28). 
Need for recovery from work (NFR) was assessed using an 
11-item questionnaire with a dichotomic scale (0=no and 
1=yes) and ratings were dichotomized to ‘not so strong’ 
(≤5) and ‘strong’ (>5)29).  Satisfaction with working time 
arrangements was rated on a five-point scale which was di-
chotomized to satisfied (1=extremely satisfied to 2=rather 
satisfied) and not satisfied (3=not satisfied or dissatisfied to 
5=extremely dissatisfied). Perceived effects of working 
time arrangements on a) sleep and alertness, b) work-life 

S PUTTONEN et al.148

Industrial Health 2022, 60, 146– 153

Fig. 1.  Flow chart of the study.



2.33, 95%CI, 1.60–3.40) and between successive morning 
shifts (OR 1.89, 95%CI, 1.42–2.52) was longer in the group 
who changed to a 12-hour shifts compared to those who 
remained in an 8-hour schedules. Reported habitual sleep 
length or sleep length in connection with night shifts or 
days off sleep did not differ between the groups (Table 2). 
The same applied for sleepiness and insomnia while work-
ing morning or night shifts. However, the odds of reporting 
sleepiness (often or always during a shift) were lower 
during morning (OR 0.48, 95%CI 0.29–0.80) and night 
shifts (OR 0.55, 95%CI 0.32–0.98) in the 12-hour group.

Whether the results obtained during morning shifts were 
affected by the differences in the start times was tested in 
additional analyses. After adding shift start time (6:00 vs. 
7:00) to the model all results remained significant (data not 
shown). 

Health, need for recovery, and perceived effects of shift 
work

Satisfaction with the current shift system was more com-
mon in the 12-hour group (OR 2.64, 95%CI 1.49–4.69). 
This group also reported fewer negative effects of their 
shift system on sleep and alertness (OR 0.42, 95%CI 0.25–
0.69) and work-life balance (OR 0.30, 95%CI 0.18–0.50) 
than the 8-hour group. Analysis of subjective health, work 
ability and need for recovery from work, or perceived ef-
fect of the current shift system on fluency of work or com-
muting did not reveal significant group differences 
(Table 3).

ture to study the differences in changes in subjective health, 
sleep, sleepiness, and effects of shift arrangements between 
those who continued in an 8-hour shift system and those 
who changed to a 12-hour shift system. Age, sex, and shift 
work experience were used as covariates in the GEE analy-
ses. For the binary response data (e.g., Need for recovery 
from work), the variance function for binomial probability 
distribution and logit link function were specified as the 
model type. For the ordinal response data (e.g., work abili-
ty) the variance function for multinomial link and cumlogit 
link function were specified and for continuous variable 
analysis (e.g., habitual sleep length), the variance function 
for normal link and identity link function was used. The 
GEE analysis results were presented in odds ratios (OR) 
with confidence intervals (CI) of 95%. A p-value of <0.05 
indicated a statistical significance.

Results

Demographics 
Participants were 24 to 61 years old and 90% of them 

were men. The duration of shift work experience ranged 
between one to 43 years with an average of 19 years. The 
individual differences between the working time groups 
were small and statistically non-significant at baseline (see 
Table 1). 

Sleep and sleepiness
Self-rated sleep length before the 1st morning shift (OR 2 

 

Table 1. Baseline sample characteristics 

 
Stayed in 8-hour shift 

system 
(n=95) 

Changed from 8-hour to 
12-hour shift system 

(n=83) 
p-value 1 

Age (Mean, SD) 44.2, ± 10.0 41.4, ± 9.9 0.069 

Years of shift work experience (Mean, SD) 20.0, ± 11.6 17.2, ± 10.9 0.109 

BMI (kg/m2) (Mean, SD) 26.7, ± 4.1 26.8, ± 3.6 0.916 

Sex (males) (%) 89.5 91.6 0.636 

Children under 18 years (%) 2 49.5 59.0 0.202 

Evening Chronotype (%) 3 60.0 66.1 0.388 

Use of hypnotics or other sleep promoting substances (%) 4 20.0 16.9 0.592 

Habitual sleep length (hh:mm) (Mean, SD) 07:16, ± 0.82 07:20, ± 0.99 0.646 

Subjective health (%) 5 61.4 70.1 0.201 

Need for recovery from work (NFR) (%) 6 72.2 70.0 0.795 

1t-test or Pearson Chi-square. 2Living in the same household. 3More evening type or absolutely evening type. 
4Weekly or more often. 5Good subjective health (good or very good). 6Increased need for recovery (6> points).  
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Table 2. Change from 8-hour shift system to 12-hour shift system and sleep, sleepiness and insomnia. Odds ratios (OR) with 95% confidence intervals in the GEE models with those who stayed in 8-hour 

shift system as the reference group 

 OR 95%CI p-value 

Habitual sleep length (h) 0.971 0.740–1.273 0.831 

Sleep length before 1st morning shift  2.330 1.599–3.395 <0.001 

Sleep length between morning shifts 1.890 1.419–2.518 <0.001 

Sleep length before night shift 1.009 0.874–1.165 0.906 

Sleep length after night shift (day sleep) 0.817 0.563–1.563 0.286 

Sleep length after last night shift  1.203 0.875–1.653 0.256 

Sleep length between days off 0.968 0.749–1.250 0.801 

Sleepiness in morning shifts (often or always) 0.479 0.286–0.804 0.005 

Sleepiness in night shifts (often or always) 0.554 0.315–0.975 0.040 

Insomnia in relation to morning shifts (often or always) 0.941 0.551–1.607 0.824 

Insomnia in relation to night shifts (often or always) 0.628 0.356–1.109 0.109 

Sleepiness in morning shift (KSS 7 or more) 1 0.749 0.443–1.268 0.282 

Sleepiness in night shift (KSS 7 or more) 1 1.113 0.649–1.909 0.697 

GEE analyses adjusted with age, sex and baseline 8-hour shift system (fast forward vs. slow forward). 1 Retrospectively rated 
sleepiness, KSS = Karolinska Sleepiness Scale. 

 

 

 

 

4 
 

Table 3. Change from 8-hour shift system to 12-hour shift system and wellbeing and perceived effects of shift work arrangements. Odds ratios (OR) with 95% confidence intervals in the GEE models with 

those who stayed in 8-hour shift system as the reference group 

 OR 95%CI p-value 

Subjective health  1.297 0.757–2.223 0.343 

Work ability 1.073 0.646–1.782 0.785 

Need for Recovery from Work (NFR)  0.748 0.412–1.359 0.341 

Satisfied with current shift system  2.640 1.486–4.689 0.001 

Perceived negative effects of current shift system on:    

Sleep and alertness 0.417 0.252–0.689 0.001 

Work-life balance 0.299 0.178–0.504 <0.001 

Fluency of work 0.723 0.391–1.338 0.302 

Commuting 0.804 0.435–1.794 0.734 

*Disturbs to some extent or a lot. GEE analyses adjusted with age, sex and baseline 8-hour shift system (fast vs. slow forward-rotating)  
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Table 2.  Change from 8-hour shift system to 12-hour shift system and sleep, sleepiness and insomnia. Odds ratios (OR) 
with 95% confidence intervals in the GEE models with those who stayed in 8-hour shift system as the reference group

Table 3.  Change from 8-hour shift system to 12-hour shift system and wellbeing and perceived effects of shift work 
arrangements. Odds ratios (OR) with 95% confidence intervals in the GEE models with those who stayed in 8-hour shift 
system as the reference group

Discussion 

We aimed to study whether industrial employees’ per-
ceptions of their sleep, sleepiness, satisfaction and need for 

recovery were affected by a change from an 8-hour for-
ward-rotating shift system to a 12-hour forward-rotating 
system. The results did not show any negative associations 
following the change. Instead, we found some positive, al-



system36). Even if the work shifts of a fast forward 12-hour 
shift system are long, the shift system does not include 
many other negative shift characteristics such as short shift 
intervals (<11 hours) and several successive night shifts 
that have proven to have major impact on shift workers’ 
sleep and health5).

A strength of our quasi-experimental controlled panel 
study was that we had a control group of workers who 
stayed in an 8-hour shift system. We were able to study the 
combined role of longer work shifts and shorter spells of 
consecutive working days, and the results were not con-
founded by shift starting times, changes in the direction and 
or speed of shift rotation. The GEE analyses accounted for 
correlated observations that longitudinal data generate, 
which may lead to incorrect estimation of standard errors, 
resulting in incorrect inferences of parameters. However, it 
is possible that some unaccounted differences between the 
working time groups may have influenced the results. At 
baseline the factories differed in speed of rotation of the 
8-hour shift systems. We included this factor as a covariate 
in the analyses, but it had no influence on the results. This 
suggests that speed of rotation did not significantly impact 
main findings and their interpretation. A limitation of the 
study design was the relatively short follow-up time to 
evaluate the possible long-term health risks of working in 
12-hour shifts. Nevertheless, the 9- to 12-month period 
may be long enough for adjusting work routines and per-
sonal life habits to the new system. A study with a longer 
follow up to 3–5 years suggests that the initial changes 
during the first year after change to a 12-hour shift system 
are likely to endure. Sleep and sleepiness measures of our 
study were retrospective and thus potentially subject to 
memory bias.  We assume that should this kind of bias oc-
cur it likely would be similar in both experienced shift 
worker groups and thus would have little effect on our lon-
gitudinal findings. Some ordinal variables were used as di-
chotomous variables with previously used cut-off points 
which may have decreased analysis power. 

This study included industrial employees with physically 
relatively light operator and control room work and the par-
ticipants were predominantly males. This may have con-
tributed to the positive view of a 12-hour shift system and 
the findings may not generalize to female employees and 
other groups with, e.g., a higher physical or mental work-
load. The response rate was relatively low (<60%), and our 
study sample was relatively small, similarly to the refer-
enced studies. This may decrease the reliability of our re-
sults and their generalizability. In the future, additional lon-
gitudinal studies with larger samples and objective 

beit rather modest association with self-rated sleep length 
and sleepiness and a clear positive association with satis-
faction with the current shift system among the employees 
who changed to a 12-hour shift system.

The few longitudinal studies of sleep and sleepiness 
among industry employees with a 12-hour shift system 
largely accord with the present findings, suggesting little or 
no negative associations between 12-hour shift systems and 
sleep or sleepiness. For example, a study of petrochemical 
employees showed improved sleep quality, including less 
awakenings and feeling more refreshed after sleep in a 12-
hour shift system12). A few older studies on computer oper-
ators and mine employees showed mixed results of tired-
ness/fatigue and some improvements in sleep quality 
following a change from an 8-hour to a 12-hour shifts sys-
tem32). In another study on nuclear power plant employees, 
a change from a forward rotating 8-hour system to a 12-
hour fast rotating system did not result in an increase in 
sleepiness or in other negative outcomes33). There is also 
some evidence suggesting that sleep length may increase, 
and sleepiness decrease while working a 12-hour fast rotat-
ing shifts compared to 8-hour fast forward-rotating shifts34). 
Instead, a study of control room operators reported incre-
ments in sleepiness and reduced sleep amount at 7-month 
follow up after changing from an 8-hour system to a 12-
hour system35). Another follow-up study of the same group 
showed no association for sleep quality but a negative asso-
ciation for sleep length and alertness after changing from 
an 8-hour shift system to a 12-hour shift system among 
natural gas utility employees14).

There is paucity of controlled intervention studies exam-
ining the result of a change from an 8-hour system to a 12-
hour system. We were able to find only one such study 
where 32 control room operators changed from a slowly 
backward rotating 8-hour system to a faster 12-hour shift 
system (2 or 3 consecutive night or day shifts) and day 
workers served as a reference group23). In line with our find-
ings, the change increased satisfaction with working hours 
and sleep. Also, sleepiness decreased and perceived recov-
ery after a night shift was enhanced.

A single group follow-up study of control room opera-
tors reported less sleep and alertness decrements in a slow 
rotating 12-hour shift system compared to previously 
worked 8-hour shift system35). The 12-hour shift system of 
the present study was fast forward-rotating with two con-
secutive morning and night shifts followed by 5 or 6 suc-
cessive days off. It is possible that the differences between 
these studies relate to less cumulative fatigue and better 
possibilities to recuperate in a fast forward-rotating shift 
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measures of sleep, sleepiness and recovery are needed. 

Conclusions

A change from an 8- to a 12-hour shift system among 
industrial employees showed positive results in most re-
spects but the differences between the groups were minor. 
The results indicated no downsides of a 12-hour fast for-
ward-rotating shift system for rated sleep, sleepiness, satis-
faction or need for recovery from work compared to an 
8-hour shift system. 

Conflict of Interest

None.

Acknowledgements

The study was supported by grants from the Finnish 
Work Environment Fund (no 114114) and NordForsk 
(74809). 

References

1) Gan Y, Yang C, Tong X, Sun H, Cong Y, Yin X, Li L, Cao S, 
Dong X, Gong Y, Shi O, Deng J, Bi H, Lu Z (2015) Shift 
work and diabetes mellitus: a meta-analysis of observational 
studies. Occup Environ Med 72, 72–8.

2) Torquati L, Mielke GI, Brown WJ, Kolbe-Alexander T 
(2018) Shift work and the risk of cardiovascular disease. A 
systematic review and meta-analysis including dose-
response relationship. Scand J Work Environ Health 44, 
229–38.

3) Yuan X, Zhu CJ, Wang MN, Mo F, Du W, Ma XL (2018) 
Night shift work increases the risks of multiple primary 
cancers in women: a systematic review and meta-analysis of 
61 articles. Cancer Epidemiol Biomarkers Prev 27, 25–40.

4) Gan Y, Li L, Zhang L, Yan S, Gao C, Hu S, Qiao Y, Tang S, 
Wang C, Lu Z (2018) Association between shift work and 
risk of prostate cancer: a systematic review and meta-
analysis of observational studies. Carcinogenesis 39, 87–97.

5) Garde AH, Begtrup L, Bjorvatn B, Bonde JP, Hansen J, 
Hansen AM, Härmä M, Jensen MA, Kecklund G, Kolstad 
HA, Larsen AD, Lie JA, Moreno CR, Nabe-Nielsen K, 
Sallinen M (2020) How to schedule night shift work in 
order to reduce health and safety risks. Scand J Work 
Environ Health 46, 557–69.

6) Estryn-Behar M, Van der Heijden BI, Group NS (2012) 
Effects of extended work shifts on employee fatigue, health, 
satisfaction, work/family balance, and patient safety. Work 
41, 4283–90.

7) Griffiths P, Dall’Ora C, Simon M, Ball J, Lindqvist R, 

Rafferty AM, Schoonhoven L, Tishelman C, Aiken LH, Rn 
Cast Consortium (2014) Nurses’ shift length and overtime 
working in 12 European countries: the association with 
perceived quality of care and patient safety. Med Care 52, 
975–81.

8) Eurofound (2018) Living and working in Europe 2017.
9) Ferguson SA, Dawson D (2012) 12-h or 8-h shifts? It 

depends. Sleep Med Rev 16, 519–28.
10) Karhula K, Harma M, Ropponen A, Hakola T, Sallinen M, 

Puttonen S (2016) Sleep and satisfaction in 8- and 12-h 
forward-rotating shift systems: industrial employees prefer 
12-h shifts. Chronobiol Int 33, 768–75.

11) Sallinen M, Kecklund G (2010)  Shift work, sleep and 
sleepiness - differences between shift schedules and 
systems. Scand J Work Environ Health 36, 121–33.

12) Mitchell RJ, Williamson AM (2000) Evaluation of an 8 
hour versus a 12 hour shift roster on employees at a power 
station. Appl Ergon 31, 83–93.

13) Fischer D, Lombardi DA, Folkard S, Willetts J, Christiani 
DC (2017) Updating the “Risk Index”: a systematic review 
and meta-analysis of occupational injuries and work 
schedule characteristics. Chronobiol Int 34, 1423–38.

14) Rosa RR, Bonnet MH (1993) Performance and alertness on 
8 h and 12 h rotating shifts at a natural-gas utility. 
Ergonomics 36, 1177–93.

15) Jansen N, Kant I, van Amelsvoort L, Nijhuis F, van den 
Brandt P (2003) Need for recovery from work: evaluating 
short-term effects of working hours, patterns and schedules. 
Ergonomics 46, 664–80.

16) Fischer D, Vetter C, Oberlinner C, Wegener S, Roenneberg 
T (2016) A unique, fast-forwards rotating schedule with 
12-h long shifts prevents chronic sleep debt. Chronobiol Int 
33, 98–107.

17) Neil-Sztramko SE, Pahwa M, Demers PA, Gotay CC (2014) 
Health-related interventions among night shift workers: a 
critical review of the literature. Scand J Work Environ 
Health 40, 543–56.

18) Härmä M (2006) Workhours in relation to work stress, 
recovery and health. Scand J Work Environ Health 32, 502–
14.

19) Dall’Ora C, Ball J, Recio-Saucedo A, Griffiths P (2016) 
Characteristics of shift work and their impact on employee 
performance and wellbeing: a literature review. Int J Nurs 
Stud 57, 12–27.

20) Paech GM, Jay SM, Lamond N, Roach GD, Ferguson SA 
(2010) The effects of different roster schedules on sleep in 
miners. Appl Ergon 41, 600–6.

21) Budnick LD, Lerman SE, Baker TL, Jones H, Czeisler CA 
(1994) Sleep and alertness in a 12-hour rotating shift work 
environment. J Occup Med 36, 1295–300.

22) Williamson AM, Gower CG, Clarke BC (1994) Changing 
the hours of shiftwork: a comparison of 8- and 12-hour shift 
rosters in a group of computer operators. Ergonomics 37, 
287–98.

23) Löwden A, Kecklund G, Axelsson J, Åkerstedt T (1998) 

S PUTTONEN et al.152

Industrial Health 2022, 60, 146– 153



S, Tucker P Barton, J (2001) Measurement properties of the 
Shiftwork Survey and Standard Shiftwork Index. J Hum 
Ergol (Tokyo) 30, 191–6.

31) Liang KY, Zeger SL (1986) Longitudinal data-analysis 
using generalized linear-models. Biometrika 73, 13–22.

32) Duchon JC, Keran CM, Smith TJ (1994) Extended workdays 
in an underground mine: a work performance analysis. Hum 
Factors 36, 258–68.

33) Sallinen M, Virkkala J, Härmä M (2008) Change from 
8-hour shifts to 12-hour shifts: effects on sleep and 
sleepiness. Oral presentation. 19th Congress of the European 
Sleep Research Society. Glaskow; Sep 9-13: Great Britain. 
2008.

34) Tucker P, Smith L, Macdonald I, Folkard S (1998) Shift 
length as a determinant of retrospective on-shift alertness. 
Scand J Work Environ Health 24, Suppl 3, 49–54.

35) Rosa RR. (1991) Performance, alertness, and sleep after 3·5 
years of 12 h shifts: a follow-up study. Work Stress 5, 107–
16.

36) Bambra CL, Whitehead MM, Sowden AJ, Akers J, Petticrew 
MP (2008) Shifting schedules: the health effects of 
reorganizing shift work. Am J Prev Med 34, 427–34.

Change from an 8-hour shift to a 12-hour shift, attitudes, 
sleep, sleepiness and performance. Scand J Work Environ 
Health 24, 69–75.

24) Horne JA, Ostberg O (1976) A self-assessment questionnaire 
to determine morningness-eveningness in human circadian 
rhythms. Int J Chronobiol 4, 97–110.

25) Partinen M, Gislason T (1995) Basic Nordic Sleep 
Questionnaire (BNSQ): a quantitated measure of subjective 
sleep complaints. J Sleep Res 4, 150–5.

26) Åkerstedt T, Gillberg M (1990) Subjective and objective 
sleepiness in the active individual. Int J Neurosci 52, 29–37.

27) Idler EL, Benyamini Y (1997) Self-rated health and 
mortality: a review of twenty-seven community studies. J 
Health Soc Behav 38, 21–37.

28) Tuomi K, Ilmarinen J, Martikainen R, Aalto L, Klockars M 
(1997) Aging, work, life-style and work ability among 
Finnish municipal workers in 1981–1992. Scand J Work 
Environ Health 23, Suppl 1:58–65.

29) van Veldhoven M, Broersen S (2003) Measurement quality 
and validity of the “need for recovery scale”. Occup Environ 
Med 60, Suppl 1:i3–9.

30) Smith C, Gibby R, Zickar M, Crossley C, Robie C, Folkard 

153FROM 8- TO 12-HOUR SHIFTS


