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Effects of shift rotation and the flexibility of a shift system on daytime
alertness and cardiovascular risk factors
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Viitasalo K, Kuosma E, Laitinen J, Härmä M. Effects of shift rotation and the flexibility of a shift system on daytime
alertness and cardiovascular risk factors. Scand J Work Environ Health. 2008;34(34):198–205.

Objectives

A controlled intervention study was conducted to evaluate the effects of two changes in shift
characteristics on alertness and cardiovascular risk factors: a change in shift rotation (direction and speed) and a
change in the flexibility of the shift system.
Methods Altogether 84 male workers currently working in a backward-rotating shift system volunteered for the
study. A total of 40 men changed to a rapidly forward-rotating shift system, 22 changed to a more flexible shift
system, and 22 remained with the old shift system. Health effects were studied with the use of clinical measurements, blood tests, and questionnaires before and after the shift changes. Analyses of variance were used with
repeated measures to study associations of cardiovascular risk factors and daytime sleepiness according to the
change in shift systems.
Results The mean number of days on which the workers reported sleepiness decreased in the group with the
forward-rotating shift system when compared with that of the group on the old shift system (from 2.9 to 2.1
days/week, P=0.02). Systolic blood pressure decreased (from 142 to 136 mm Hg, P=0.049), and heart rate showed
a declining trend (from 66 to 60 beats/minute, P=0.06) in the flexible shift system when the three groups were
compared.
Conclusions The study indicates that a faster speed, together with a change to the forward direction, in shift
rotation alleviates daytime sleepiness. Combining individual flexibility with company-based flexibility in a shift
system may have favorable effects on shift workers’ blood pressure.

Key terms blood pressure; health behavior; heart rate; lipids; shift scheduling; shift work; sleepiness.

Shift work is related to disturbed sleep–wakefulness
and a higher risk of cardiovascular disease (1–5). The
prevalence of risk factors for coronary heart disease is
higher among shift workers (6), and moreover people
with coronary risk factors are more likely to be affected
by rotating shift work (4). Shift work has been shown
to be related to higher levels of triglyceride and lower
levels of high-density lipoprotein (HDL) cholesterol
(7–9), but the evidence for the relationship between
shift work and hypertension or elevated blood pressure
is inconclusive (6, 7, 10–13). It has been proposed that
a stressful psychosocial work environment acts as a
mediator between the adverse health effects of shift
work and hypertension (14). In a 10-year longitudinal
Japanese study, shift work was shown to be an independent risk factor for the progression of hypertension
1
2

3
4

(15). Blood pressure has been shown to be positively
related to mortality from stroke (16), and, in a Finnish
epidemiologic study, mortality due to ischemic stroke
was increased among shift workers (17).
Although the relationship between shift work and
health is well established (18), there is no conclusive
evidence of the effect of specific shift rotation systems
on short- or long-term health (18, 19). With reference
to cardiovascular health, in one short-term intervention
trial, serum levels of triglyceride and glucose decreased
during clockwise shift rotation as compared with during
counter-clockwise shift rotation, and systolic blood pressure was lower after the clockwise rotation period (20).
Another intervention study that lasted 6 months found
increased ergonomic changes in shift scheduling to be
associated with lower low-density lipoprotein (LDL)
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cholesterol levels, a lower total-to-HDL cholesterol
ratio, and higher HDL cholesterol levels (21).
There is a lack of intervention studies on the relationship between specific shift characteristics and fatigue or
sleep–alertness (19). In general, rapidly forward-rotating
shift systems seem to improve alertness and performance
at work and decrease insomnia (22–24). Individual flexibility with respect to workhours is related to improved
subjective health and reduced sickness absence (21, 25,
26). However, we are not aware of earlier studies on the
effects of flexible shift systems on cardiovascular risk
factors or objective health.
The aim of our study was to evaluate the effects of
two separate changes in shift characteristics on alertness and both behavioral and clinical risk factors for
cardiovascular disease (CVD). The changes examined
were a change in shift rotation (direction and speed) and
a change in the flexibility (a combination of individual
and company-based flexibility) of the shift system.

Study population and methods
Study design
A controlled intervention study was carried out in a line
maintenance unit of an airline company. The effects of
two different new shift systems on health were studied
by comparing health outcomes 5 to 6 months before
(October–November 2004) and 7 to 8 months after
(November–December 2005) the implementation of the
new shift systems. At baseline, all of the participants
had been working on the old schedule for at least 18
months. The data on health outcomes were collected in
the same season of the year at baseline and at the end of
the follow-up to diminish the effect of annual variation
in blood lipids (27) and lifestyle factors, such as dietary
habits and leisure-time physical activity.
Shift systems
The line maintenance unit is responsible for small and
medium-sized maintenance duties of the airline company at the Helsinki–Vantaa airport, Finland. The order
of the shifts in the old schedule was EEE -- MMM -NNN -- (E = evening shift, M = morning shift, N = night
shift, - = day off). The shift changing times were at 0700,
1500, and 2300, and all of the shifts were 8 hours long.
One of the two new shift systems rotated very rapidly
forward with a shift order of MEN--, the morning shift
being from 0600 to 1600 (10 hours), the evening shift
being from 1500 to 0100 (10 hours), and the night shift
being from 2100 to 0600 (9 hours).
The other new shift system was called a “flexible”
shift system. In this system rosters were issued 4 weeks

in advance, after which the employer could only make
changes in the rotas of the third or fourth week in case of
changed operational needs. Changes in the rotas of the
first 2 weeks were not possible without negotiation with
the workers and without compensation. On the basis of
mutual consent, the employer tried to fulfill the employees’ wishes and needs regarding shift changes, holidays,
or days off. The workers were therefore allowed some
individual flexibility and control over their workhours
in exchange for variability.
In the flexible shift system, the direction of rotation
and the order of the shifts were basically the same as in the
old shift system, but there were generally three consecutive days “off” between the evening, morning, and night
shifts instead of two as in the old system. The morning
shift was defined to last 10 hours from 0600 to 1600 or
11 hours from 0800 to 1900, but in practice the duration
of shift could vary from 10 to 13 hours between 0600
and 1900, depending on operational needs. The evening
shift was defined as 9.5 hours from 1400 to 2330, but
could vary from 6 to 13 hours between 1300 and 0200
for the same reason. The night shift was always 7 hours
long from 2330 to 0630. The planned weekly worktime
varied from 30 to 36.5 hours and was balanced over a
period of 4 months. The actual mean worktime per week
was 32.8 hours in the flexible shift system as compared
with 33.4 hours in the other two shift systems. The
number of days worked per week varied from four to
five in the flexible shift system, being four in the rapidly
forward-rotating shift system and five in the old shift
system. The period from the end of the last morning shift
to the beginning of the first night shift varied from 52.5
to 80.5 hours in the flexible shift system as compared
with 55 hours in the old shift system and 53 hours in the
rapidly forward-rotating shift system.
The employer and the representatives of the employees wanted the workers to self-select their new shift
systems, and it was therefore not possible to randomize
the allocation of the participants into the study groups.
Workers over 45 years of age were given priority in the
selection of employees for the rapidly forward-rotating shift system because an earlier intervention study
completed in the line maintenance unit had shown that
this shift system had positive effects on sleep, alertness,
and general well-being, especially among the older shift
workers (22).
Study population
The target group consisted of 403 maintenance workers, 343 of whom were working in a continuous backward-rotating three-shift system. Of the participants,
22% were inspectors or supervisors, and the rest were
mechanics. The participants had to be healthy, permanently employed maintenance workers working in
Scand J Work Environ Health 2008, vol 34, no 3
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the continuous backward-rotating three-shift system.
Reasons for exclusion were the existence of any CVD
or regular medication for blood pressure, high cholesterol, diabetes, or sleeping disorders. The participants
were recruited through advertising at the workplace.
The study criteria were described in the advertisements.
Altogether 89 men volunteered for the study, all of
whom were also eligible for participation. Only three
female workers volunteered for the study, which was
too few to generate separate groups. Before the study
was completed, one participant died accidentally, one
changed to fixed night work, one could not take part
in the follow-up survey because of sick leave due to a
leisure-time injury, and two were on a leave of several
months at the follow-up time. Complete data were thus
available on 84 male participants, 40 of whom changed
to a rapidly forward-rotating shift system, 22 changed
to work in a more flexible shift system, and 22 persisted
in the old shift system, and thus formed the reference
group. The respective dropout rates for the three groups
were 0% (N=0), 12% (N=3), and 8% (N=2). All of the
participants were examined by an occupational health
physician at the beginning of the study.
All of the participants gave their written informed
consent. The Helsinki University Research Ethics Board
for Occupational Health reviewed the study plan and
gave their approval in advance [record number (Dnro):
158/E2/04; date: 22 June 2004]. The study was performed according to the Helsinki Declaration of 1975,
as revised in 1983.
Health outcomes
Blood tests for serum total cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides, fasting plasma glucose
(fP-gluc), glycosylated hemoglobin (HbA1c), and highsensitivity C-reactive protein (hs-CRP) were taken after
a fasting period of 12 hours. The same trained laboratory
assistant drew the blood samples on the first morning
shift between 0700 and 0900, at least 72 hours after the
end of the last night shift, at baseline, and at the end
of the follow-up phase. All of the blood samples were
centrifuged within 2 hours and analyzed on the same
day (hs-CRP twice a week) in a certified laboratory
according to standard procedures using a Konelab 60i
clinical chemistry analyzer (Thermo Fisher Scientific,
Ltd, Vantaa, Finland).
Blood pressure and heart rate were measured twice
with a fully automatic device (Omron® M4-1, OMRON
Healthcare Europe BV, Hoofddorp, Netherlands) after
a 5-minute rest in a sitting position. The same trained
nurse measured height, weight, and the circumference of
the waist and hip according to standard methods. Body
mass index (BMI) was calculated (weight/height2). The
participants were advised to avoid smoking and vigorous
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physical activity at least half an hour before the laboratory tests and clinical measurements.
The self-administered questionnaire contained questions on diseases diagnosed by a physician, regular
medication, lifestyle, and dietary factors. Leisure-time
physical activity was assessed with the use of a modified
version of the International Physical Activity Questionnaire (IPAQ) (28), which requested the number of
physical activity sessions per week and minutes per
session. The intensity of leisure-time physical activity
was inquired about with the aid of examples of strenuous, moderately strenuous, and light physical activity.
Daytime sleepiness, the frequency of sleep disturbances,
and the probability of falling asleep at work were studied
with the Basic Nordic Sleep Questionnaire (BNSQ) (29)
and the Epworth Sleepiness Scale (ESS) (30)
To study the effect of shift change on dietary habits,
the questionnaire contained 10 questions on the quality
of dietary fat (saturated, polyunsaturated), 8 questions
on fiber intake (assessed in the diet of the previous
day), 8 questions on alcohol consumption, and 1 question on drinks containing caffeine. Sum scales were
calculated in order to obtain fat quality (the proportion
of unsaturated fats to saturated fats: >24 excellent, <10
poor) and daily intake of alcohol (g), caffeine (mg), and
fibers (g).
The partcipants received the questionnaires at the
time of the clinical examinations and were asked to
return them in 1 week. The baseline results of the blood
tests with the reference values were sent to the participants without comment. Two persons in the old system
and one in each of the new shift systems requested
dietary counseling for cholesterol. These workers were
excluded from all of the statistical analyses when the
outcome was waist circumference, waist-to-hip ratio,
BMI, blood lipids or glucose, daily alcohol consumption, quality of dietary fat, or the amount of dietary
fiber. Occupational status and years in shift work were
obtained from the employer’s register.
The baseline characteristics of the participants are
shown in table 1. The workers who started in the rapidly
forward-rotating shift system were about 10 years older
than those who started in the flexible shift system. The
levels of CVD risk factors and health habits at baseline
are shown in tables 2 and 3 for each study group. Alcohol intake at baseline was the most frequent in the group
starting in the rapidly forward-rotating shift system.
Statistical methods
A repeated-measures analysis of variance (ANOVA) was
used for each outcome separately. The variables in the
models were time (before and after), shift system (rapidly forward-rotating, flexible, and old shift systems),
interaction between time and shift system, age (<45,
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Table 1. Baseline characteristics of the participants.
Number				
Study group		
Age (years)
Occupational status (%)
Work in shifts (years) Current
of				
smoking
participants				
(%)
		
Mean
SD
Range
Mechanic Inspector Supervisor
Mean
SD
Rapidly forward-rotating shift system
Flexible shift system
Old shift system (control group)

40
22
22

47
37
44

7
9
9

27–58
28–58
27–57

92
95
54

0
0
23

8
5
23

23
12
21

8
6
8

15
0
27

Table 2. Means and standard deviations of the blood tests for cardiovascular risk factors in the study groups before and after the shift
change–no statistically significant differences in the interaction between time and group adjusted for age, smoking habits, and alcohol
consumption (repeated-measures analysis of variance). (HDL = high-density lipoprotein, LDL = low-density lipoprotein, fP-gluc = fasting
plasma glycose, HbAlc = glycosylated hemoglobin, hs-CRP = high-sensitivity C-reactive protein)
				
Study group		
Cholesterol a
				
Total
HDL
LDL
(mmol/l)
(mmol/l)
(mmol/l)

Triglycerides a
(mmol/l)

		

Mean

SD

Mean

fP-gluc a
(mmol/l)

HbA1c a
(%)

hs-CRP
(mg/l)

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Rapidly forward-rotating shift system (N=40)
Before
After

5.3
5.6

0.8
1.1

1.4
1.4

0.3
0.3

3.3
3.4

0.8
0.9

1.4
1.6

0.9
0.9

5.3
5.2

0.6
0.6

5.2
5.0

0.3
0.4

1.2
1.5

1.6
1.7

0.7
0.8

1.3
1.4

0.3
0.3

3.2
3.1

0.7
0.8

1.3
1.3

0.6
0.7

5.2
5.0

0.4
0.4

5.1
4.9

0.3
0.4

0.8
1.1

0.8
1.2

1.5
1.6

0.3
0.3

3.0
3.1

0.9
1.0

1.2
1.3

0.9
0.7

5.2
5.0

0.4
0.5

5.1
5.0

0.2
0.4

0.9
1.2

0.6
1.0

Flexible shift system (N=22)
Before
After

5.0
5.0

Old shift system (control group) (N=22)
Before
After
a

5.2
5.3

1.1
1.2

Four persons who received dietary counseling were excluded.

Table 3. Means and standard deviations of the body mass index, waist, waist-to-hip ratio and dietary fat and fiber and the medians and
ranges of caffeine and alcohol consumption and leisure-time physical activity in the study groups before and after the shift change—no
statistically significant differences in the interaction between time and group adjusted for age, smoking habits, and alcohol consumption
(repeated measures analysis of variance).
Study
group

Body mass index a
(kg/m²)
Mean

SD

Waist a
(cm)
Mean SD

Waist-to-hip
ratio a

Quality of
fat a, b

Dietary fiber a
(g/day)

Mean

SD

Mean

SD

Mean

SD

Caffeine
(mg/day)
Median Range

Alcohol a
(g/day)

Physical activity c
(h/week)

Median Range

Median Range

Rapidly forward-rotating shift system (N=40)
Before
After

26
26

3
3

92
94

8
8

0.94
0.96

0.06
0.06

16
17

5
6

25
23

11
11

500 30–2000
400 0–1760

12
11

0–52
0–47

2.8
2.8

0–1
0–8

90
93

6
6

0.91
0.93

0.04
0.04

17
18

4
4

21
22

10
7

450 0–1220
500 0–1600

5
7

1–40
0–49

2.6
2.5

0–12
0–1

7
8

0.93
0.93

0.05
0.05

15
15

6
7

22
22

10
10

380 90–1160
350 30–1100

5
4

0–20
0–22

3.8
3.5

0–8
0–21

Flexible shift system (N=22)
Before
After

27
27

3
3

Old shift system (control group) (N=22)
Before
After

25
25

2
2

91
92

Four persons who received dietary counseling were excluded.
Proportion of unsaturated fats to saturated fats.
c At least moderately strenuous.
a

b

≥45- years) at baseline, smoking (yes, no) at baseline,
and alcohol consumption (≤1, 2, ≥3 alcohol doses daily)
at baseline and at the end of the study. Smoking was
adjusted at baseline because it was considered to have
long-term effects on the outcomes. Alcohol consumption

was adjusted at the same point of time as the outcome
because it was considered to have mainly short-term
effects on the outcomes. The effects of two new shift
systems were evaluated in this study. Therefore, the
same models containing three-shift systems were also
Scand J Work Environ Health 2008, vol 34, no 3
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used to test whether the rapidly forward-rotating shift
system differed from the old shift system and whether
the flexible shift system differed from the old shift system. All of the adjusted P-values presented in this article
are P-values of the interaction term for time and shift
system (three or two shift systems). The distribution of
caffeine and alcohol consumption and physical activity
was skewed. Ranks were used instead of original values
for these outcomes in the analysis of variance. All of the
statistical analyses were calculated using the Statistical
Analysis System (SAS, version 9.1, SAS Institute Inc,
Cary, NC, USA, 2004).

the ESS scores were not statistically significant. The
new shift systems did not change the frequency of sleep
disturbances.
The studied changes in the shift system influenced
blood pressure and heart rate (figure 2). The changes in
systolic blood pressure differed between the three study
groups (P=0.049). The mean systolic blood pressure decreased by 6 mm Hg in the group with the flexible shift
system, increased by 2.5 mm Hg in the group with the
rapidly forward shift system, but remained unchanged
in the old shift system. The changes in diastolic blood
pressure were not significant. When the three study
groups were compared, the changes in heart rate had
a decreasing trend (P=0.06), and this trend persisted

Results
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144

144

144
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142

142
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140
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138

138

138

136

136

136

134

134

134

132

132

90

90

90

88

88

88

86

86

86

84

84

84

82
Before

Flexible

Control

Figure 1. Effect of a change of shifts on the number of days/week (mean
and standard error of the mean) with sleepiness in the group with a
rapidly forward-rotating shift system (Forward, N=40), the group with
a more flexible shift system (Flexible, N=22), and the group with the
old shift system (Control, N=22). All of the groups started with a slowly
backward-rotating shift system with no flexibility.
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Figure 2b

1

132

92

70

2

Before
FlexibleAfter

92

After

3

Control

146

82

Before

Heart rate (beats/min)

Number of days / week

4

Flexible

Before
ForwardAfter

Diastolic blood pressure (mm Hg)

The studied interventions influenced the shift workers’
alertness. The mean number of days per week on which
the workers reported sleepiness decreased in the group
with the rapidly forward-rotating shift system, but increased slightly in the other two groups (figure 1). Daytime sleepiness showed a declining trend when all three
shift systems were compared with each other (P=0.06).
In further analyses, the changes in daytime sleepiness
differed significantly between the forward-rotating and
the old shift systems (P=0.02).
When assessed on the Epworth Sleepiness Scale, the
probability of falling asleep at work decreased slightly
in the rapidly forward-rotating shift system, from 6.4
(SD 2.7) to 6.2 (SD 3.5), and in the flexible shift system,
from 7.5 (SD 5.3) to 7.1 (SD 4.4), whereas in the old
Figure 1.
shift system the Epworth Sleepiness Scale increased,
from 7.8 (SD) 3.8 to 8.3 (SD 3.9). These changes in

Systolic blood pressure (mm Hg)

Forward

Before

After

Before

After

Figure 2. Effect of a change of shifts on systolic blood pressure,
diastolic blood pressure, and heart rate (mean and standard error of
the mean) in the group with a rapidly forward-rotating shift system
(Forward, N=40), the group with a more flexible shift system (Flexible, N=22), and the group with the old shift system (Control, N=22).
All of the groups started with a slowly backward-rotating shift system
Figure
with 2c
no flexibility.
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when the flexible shift system was compared with the
old system in further analyses (P=0.06).
The new shift systems did not affect the other measured CVD risk factors during the follow-up (table 2).
BMI, waist circumference, or waist-to-hip ratio did not
change across the time period in the three study groups.
There were no statistically significant changes between
the groups with respect to leisure-time physical activity
or dietary habits as assessed by the quality of fat or the
intake of fiber, caffeine, or alcohol (table 3).

Discussion
In our study, the change from a slower backward-rotating shift system (shift changes every three shifts) to a
very quickly forward-rotating shift schedule improved
the perceived alertness of the workers, even though the
operating hours at night actually increased. An interesting finding was the decrease in the workers’ systolic
blood pressure and a decreasing trend in heart rate in
the shift system in which the individual flexibility of
workhours was combined with company-based operational flexibility.
The observed beneficial effect of a rapidly forwardrotating shift system on workers’ alertness is consistent
with the finding of our earlier reports (22, 23), and
a study report by de Valck et al (24). The declining
trends in the ESS score and caffeine consumption in
this group were congruent with the decrease in daytime
sleepiness.
The intervention from a rather slow backward-rotating system to a very rapidly forward-rotating shift
system consisted of changes in both the number of consecutive morning, evening, and night shifts (from three
to one) and in the direction of the rotation (from backwards to forwards), as well as of some minor changes
in the starting and ending of the shifts. However, the
number of successive shifts (three) and free days (two)
did not change. The observed results in this group can
probably not be connected to any single element of the
shift schedule, merely to the combination of the simultaneous changes.
The older workers benefited from a rapidly forwardrotating shift schedule in our earlier studies (22, 23),
one of which was carried out earlier with the same line
maintenance unit as in our present study. This finding is
probably due to a slower circadian adaptation to night
shifts and the increased “morningness” of older workers.
With only a single night shift, no delay in the circadian
rhythms is necessary, and morningness or an inability
to shift circadian rhythms during evening and night
shifts should support the recovery of sleep–wakefulness
during the following free days. The participants slept a

shorter time during the day after a single night shift, but
longer and better during the recovery period between the
single night and morning shifts (22). Because of earlier
positive experiences gained by older shift workers in the
rapidly forward-rotating shift system, a higher number
of older persons was selected for this group in our current study.
A decrease of 10 or even 2 mm Hg in systolic blood
pressure has been shown to be associated with a marked
reduction in the risk of stroke (31) and mortality from
ischemic heart disease (16). The observed 6 mm Hg
decrease of systolic blood pressure, if long-lasting, may
thus have a beneficial impact on workers’ health. The
decrease in systolic blood pressure in combination with
a decreasing trend for heart rate in the group with the
more flexible shift system may reflect a relief of psychophysiological stress. According to our knowledge,
there are no earlier studies on the effects of flexible shift
systems on psychophysiological stress reactions. In one
short-term study, systolic blood pressure and the urinary
excretion of catecholamines decreased after a 4-week
period of clockwise, as compared with counter-clockwise, shift rotation (20). Another study with a 3-week
follow-up period found no difference in salivary cortisol
levels between a fast-forward and a slow-backward shift
system (24).
A chronic situation of sustained psychophysiological
activation and incomplete recovery has been proposed
to form a pathway to chronic health impairment (32).
According to cross-sectional data from the Third EU
Survey on Working Conditions (25), low individual
flexibility and high variability (ie, company-based flexibility) in workhours was associated with a higher prevalence of health problems (eg, sleeping problems, overall
fatigue, anxiety, heart disease), while low variability in
workhours combined with high autonomy had a positive association with workers’ health and well-being.
Flexible workhours increase job satisfaction (33), and
the worker’s own satisfaction with the workhours indicates tolerance to the debilitating effects of shift work
on health, at least for women (34). Adequate control of
worktime was also associated with fewer negative effects of long total workhours (work + home) on subjective health and sickness absence (26).
The change from a fixed backward-rotating shift
system to a more flexible shift schedule basically consisted of a change in the number of consecutive days off
between evening, morning, and night shifts (from two to
three). However, the varying lengths of the morning and
evening shifts also made the shift system more flexible.
Within the limits of the work contract, this shift system
enabled individual and company-based arrangements
of workhours. The employer could change the shift
lengths and increase the number of successive evening
and morning shifts from three to four by rescheduling
Scand J Work Environ Health 2008, vol 34, no 3
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“free” days in case of altered operational needs. The
employees were also able to change individual shifts and
extend duty off periods to better adapt their workhours
to their private needs.
The decrease in systolic blood pressure in combination with the declining trend for heart rate probably
indicates a decrease in psychophysiological stress in
the more flexible shift system. It is possible that the
increase in the individual flexibility of the shift system
decreased the psychophysiological stress of the workers.
Unfortunately, the questionnaire used in this study did
not include items on workers’ opinions of work stress
or their opportunities to influence their workhours. In
the flexible shift system, the actual time-off period from
the end of the last morning shift to the beginning of the
first night shift also varied in a wider range (from 52.5
to 80.5 hours) than in the other two shift systems. It is
thus possible that the improvement in psychophysiological stress could also be explained by the longer recovery
time between the separate shift sequences.
The waist-to-hip ratio, BMI, blood lipids, glycemic
control measured by HbA1c, and fasting glucose did
not change. The dietary and lifestyle factors remained
stable in all three groups during the study. There were
no changes in the quality of fat or in the amount of fiber
intake. Neither alcohol consumption nor leisure-time
physical activity changed. Data on dietary habits and
alcohol consumption were collected with a structured
questionnaire. Food records were not used because
food recording is a laborious method, and we wanted
to ensure the highest possible participation rate. We
managed to attain this goal, as the total participation
rate was 100%.
With reference to the generalization of the results,
our intervention study, conducted in field conditions,
had certain limitations. Since more than one shift characteristic changed simultaneously, it is not possible to
conclude which component of the new shift system
accounted for the positive results. To predict the effect
of a similar shift system change in other worksites, the
intervention would have to be designed in a similar way.
The participation rate of our study was low. In addition,
we could not randomize the allocation of the participants
into the study groups, but we could control for the differences in age, smoking habits, and alcohol intake in the
statistical analyses. The educational and socioeconomic
background of the participants, regardless of current
occupational status, was homogeneous, and the work
conditions were similar between the groups. The study
protocol was well standardized, we used a control group,
and the dropout rate was low, all of which contribute to
the reliability of the data and results. However, due to
the short follow-up time and small study groups, the
results may underestimate the health outcomes of the
shift changes. For instance, the reduction of daytime
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sleepiness by about 1 day a week is probably clinically
important. In addition, the short follow-up time possibly
impeded the detection of permanent changes in CVD
risk factors due to the change in shifts.
In conclusion, our findings on the alertness of shift
workers in this study are consistent with those of our
previous studies. A faster speed of rotation, together
with a change to a forward direction in shift rotation
alleviates daytime sleepiness. A possible new finding is
that combining individual elements with company-based
flexibility in a shift system may have favorable effects on
the psychophysiological stress of shift workers.
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