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The new “24-hour society” increases night work and the diversity of flexible workhour patterns. At the same time,
the number of older shift workers is growing in most developed countries due to the general aging of the working
population. Together with new experimental and epidemiologic data on the alarming relationship of shift work to
fatigue, performance, accidents, and chronic health effects like coronary heart disease, there is reason to believe
that shift work may become a major occupational health and safety problem in the near future. The prevention of
shiftwork-related health and safety problems will be a major challenge for the employer, employees, and occupa-
tional health professionals during the next few decades. The present paper shortly summarizes the current
knowledge on the relationship between shift work, aging, and health and outlines practical countermeasures and
research needs to improve the health and well-being of aging shift workers.
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The “24-hour society” has changed the timing of work
profoundly. Globalization and changes in production and
service needs have called for higher flexibility. The
changing worker preferences in relation to individual tim-
ing of work, as well as the technological and structural
changes in worklife, have all increased nontraditional
worktime arrangements, the amount of night and shift
work, and the complexity of worktime arrangements.
To give an example, the prevalence of worktime mod-
els other than regular day work increased from 24% to
30% in Finland between 1984 and 1997 (1). The 2nd
European survey on work conditions (2) (table 1) shows
that working in shifts (including night work) decreases

Table 1. Prevalence (%) of day and shift work among men and
women <45 and =45 years of age in the European Union (2).

Worktime arrangement Age

<45 years >45 years

Men Women Men Women

Regutar day work
(no weekends)

Irregular day work

32.3 43.1 35.2 441

(often weekends) 39.0 42.2 40.5 43.5
Shift work
1—4 nights/month 11.0 6.1 10.6 4.9
=5 nights/month 17.7 8.7 13.8 7.4

only slightly with aging: 24% of men and 12% of wom-
en over 45 years in Europe did shift work with night
shifts.

It can be asked whether the trends in worktimes are
also reflected in the health and well-being of aging work-
ers. Strong evidence is scarce, and any epidemiologic
attempt to separate worktime-related long-term effects on
health from simultaneous changes in other work-related,
psychosocial, or environmental factors is very difficult.
However, according to a population-based survey on
Finnish wage-earners, the prevalence rate of sleep prob-
lems increased from 25% to 35% from 1977 to 1997 (1).
Poor sleep may be related to irregular worktimes but can
also be a sign of psychological stress. In fact, the feeling
of haste increased from 18% to 33% during the same time
span, and the feeling of increased work pace went from
45% to 51%.

The aging of the working population will be one of
the largest structural changes to take place in the next 25
years. The proportion of the 50-to-64-year-old group of
the whole working population (15—64 years of age) in
the European Union will exceed 33% and, respectively,
the 15-to-24-year-old population will fall to below 18%
by the year 2025 (3). In Finland, the corresponding dif-
ference in the relative size between the oldest and young-
est group of the work force will appear already
before the year 2015. Global scenarios indicate that the
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population over 60 years of age will increase from 120
to 250 million during the period 1980—2020 (4).

The health of the older worker (=45 years of age) is
affected by a biological aging process, by work, and by
life-style. For example, according to a follow-up study
of municipal employees aged 44—48 years, the propor-
tion of employees with no diagnosed diseases decreased
from 42% to only 16% during 11 years (5). The perceived
work ability of the same study population declined dur-
ing this period, and the decrease was more pronounced
in physically than in mentally demanding work from the
age of 51 to 58 years (6).

However, aging is also associated with mental
growth, for example, in professional mastery, expertise,
and improved strategic abilities (7). Therefore, aging at
work can be characterized by both marked negative
changes in health and positive changes in mental resourc-
es (8).

The expected trends for worktimes and aging during
the next millennium call for new practical approaches for
aging shift workers. The present paper briefly summa-
rizes current knowledge on the relationship between shift
work, aging, and health and outlines practical counter-
measures and research needs to improve the health and
well-being of aging shift workers.

Aging, shift work and health

Circadian rhythms and sleep

Most human functions, including physiological variables,
sleep-wakefulness, and performance, follow a regular
circadian rhythm. The peak activity associated with the
circadian rhythm of most physiological functions occurs
in the afternoon, while the circadian trough occurs nor-
mally during the early morning hours, between 0200 and
0600. The circadian trough in sleepiness during the night
shift responds to the effect of moderate alcohol consump-
tion (1.0%o0) (9) and has been shown to increase the risk
for incidents and accidents in industrial operations and
in rail, marine, aviation, and motor transportation (10).

Circadian adaptation to consecutive night shifts is
slow — indicating an adjustment rate of only 1 hour a
day (11). The adjustment rate depends most on the ex-
posure to environmental light. In rapidly rotating shift
schedules, which are the most frequent in Europe, it is
practically impossible to synchronize circadian rhythms
to the current sleep-wake schedule.

Aging has been found to decrease the amplitude of
many circadian rhythms and to increase the tendency to-
wards internal desynchronization (12). Aging decreases
the speed of circadian adaptation to night work (13, 14)
and has a major impact on sleep, which is the most im-
portant health complaint of shift workers.
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Shift workers more than 40 years of age have an in-
creased risk of sleep disorders. For example, in a pro-
spective study of over 12 000 men 40—50 years of age
(15), the prevalence of self-reported sleep complaints
among the night shift workers varied from 22% to 36%,
the prevalence difference between nightshift workers and
those who did not do night work increasing during the
follow-up of 5 years from 6.2% to 13.3%.

The age-related changes in sleep are mostly related
to curtailment of day sleep after night shifts. In a field
study with actigraphic and sleep diary methods, shift
workers over 40 years of age obtained consistently less
sleep than younger shift workers, but morningshift sleep
was similar in both age groups (16). It is a matter of in-
terest that older workers rated their tiredness in the morn-
ing shift even lower than the younger group did, while
there were no differences in the night shifts. The inter-
actions found between aging and sleep in relation to dif-
ferent shifts fit well with the fact that aging is connected
to increased “morningness” —— meaning an advanced cir-
cadian rhythm of sleep-wakefulness and activity (17).

Gastrointestinal disorders

Research on the long-term health effects of shift work is
increasing. The incidence of peptic ulcer has been cal-
culated to be from 2 to 5 times higher among shift work-
ers with night work than among day workers (18). In ad-
dition, as many as 20—75% of shift workers with night
work (in comparison with 10—25% of day workers and
shift workers without night work) complain of appetite
disturbances, dyspepsia, abdominal pain, flatulence, and
the like (19).

The few, already aging, epidemiologic studies on the
relationship between shift work and gastrointestinal dis-
ease indicate that gastrointestinal problems are the most
prevalent among young shift workers aged 21 to 25 years
(20). The mean interval between the start of working in
shifts and the diagnosis of peptic ulcer is short, only 5
years for rotating 3-shift workers and about 6 years for
permanent night workers (21). If other digestive system
diseases are included, the highest prevalence is found for
shift workers with the longest work experience (23—40
years) (22).

Cardiovascular disorders

There is strong evidence that shift work is a significant
risk factor for coronary heart disease (CHD). According
to a recent review of 17 studies (23), shift workers seem
to have about a 40% increase in CHD risk. Even if the
relative risk is not high, the high prevalence of shift work
itself yields a population etiologic fraction of more than
7% and makes shift work one of the major work-envi-
ronment factors related to cardiovascular disease (24).
It is clear that the incidence of CHD increases with
age. Knutsson and his co-workers (25) demonstrated a
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significant monotonic increase in CHD in association
with increasing years of shiftwork exposure for the first
20 years of exposure. After the 1st 20 years, the risk fell
to 0.4, probably due to the selection of the cohort. From
a practical point of view, it is important that shift work
seems to trigger other, lifestyle-related risk factors of
CHD. In a recent follow-up study of the joint effect of
shift work and adverse life-style factors (26), shift work
persistently accentuated the CHD risk associated with the
effect of adverse life-style factors of smoking, sedentary
life-style, and obesity, the joint effect being multiplica-
tive.

Psychoneurotic disorders

Several studies have reported an increased number of
psychosomatic complaints like chronic fatigue, nervous-
ness, anxiety, sexual problems, and depression among
shift workers (19). Recently, Scott and his co-workers
(27) reported a pilot study showing an unexpectedly high
prevalence of major depressive disorder among shift
workers 40-—65 years of age. Like the incidence of CHD
in the study of Knutsson and his collaborators (25), the
prevalence of major depressive disorder seemed to in-
crease steadily among the elderly shift workers accord-
ing to the length of exposure up to 20 years and thereaf-
ter decreased. The average prevalence was 15%, but it
increased to some 30% after 11—16 years of shift work.

Psychosocial health

Working irregular hours has a major impact on leisure-
time and domestic activities of all shift workers. The ef-
fects of shift work on leisure time are often both posi-
tive and negative. The same schedule provides such ad-
vantages as consecutive free days and such disadvantag-
es as weekend work or occasional consecutive evening
shifts interfering with social contacts.

Aging changes greatly the social and family situation
of a shift worker. Since the housing and sleeping condi-

Tahle 2. Practical countermeasures to improve the health and
well-being of older shift workers.

Sector Countermeasure

1. Design of shiftwork
systems

Increased flexibility for the worker

Increased time for recovery and workbreaks

Decreased amount of night work

- Reduction of the total amount of night work

- Redesign of the shift schedule

- Transferral of some night shifts to younger
shift workers

- Transferral of older night shift workers to
day work

Quickly rotating shift systems

Earlier shift-changing times in continuous shift

work

2. Occupational health  Intensified medical surveillance

care Health counseling on appropriate coping
mechanisms

Individual solutions

tions often improve hand-in-hand with a worker’s eco-
nomic situation and domestic responsibilities decrease,
the biological aging effects on health may be compen-
sated by a favorable psychosocial situation. Older shift
workers are also favored by the fact that they are practi-
cally self-selected and may have more experience with
different coping mechanisms, such as priorities relating
to sufficient recovery and napping, regular physical ex-
ercise, and so forth, with which to manage with shift
work. Aging also changes a worker’s value of leisure
time. Although all workers, including shift workers, val-
ue the evening hours and weekends more than other pe-
riods of the day and week (28), shift workers of more
than 45 years of age value free-time in the mornings dur-
ing the weekdays, indicating a greater “morningness” in
leisure-time activities, when compared with older shift
workers.

Practical countermeasures

The health and well-being of the aging shift worker is a
combination of several job-related, individual, and psy-
chosocial factors (29). It is clear that the countermeas-
ures should also be multiple, and they should involve
multifaceted intervention focusing on all these factors.
Although much research is needed to find and clarify the
correct actions, it is possible to argue in favor of practi-
cal countermeasures based on current knowledge.

Design of shiftwork systems

Elderly employees have a need to adjust their work de-
mands to their private lives. Aged shift workers have dif-
ferent needs for the duration, position, and distribution
of daily, weekly, and yearly worktimes as compared with
younger shift workers. In most cases it is difficult to
achieve high flexibility for the company without grant-
ing some flexibility to the workers at the same time (30).
Based on the individual needs of aging workers, in-
creased flexibility for the worker (table 2) should be set
as a general goal when worktime arrangements are im-
proved.

Increased time for recovery by means of extra free
days or workbreaks may be relevant to prevent negative
health effects in the long run. It should be remembered,
however, that many shift workers are inclined to accept
extended worktimes and short intervals for successive
work shifts in order to maximize the length of the day
off period. Since the human brain cannot store sleep but
needs it daily for full recovery, sufficient daily rest should
be of primary biological interest. In other words, the in-
terval of time-off between shifts and the sequences of
similar shifts should allow adequate rest for older work-
ers. The fact that older shift workers would benefit from
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an increased number of breaks during the work shift, to
compensate for increased fatigue, should also be taken
into consideration.

Sleep quality after night shifts is the major complaint
of aging shift workers. On the other hand, older workers
have fewer problems with morning shifts than younger
shift workers. The effect of night shifts on elderly shift
workers can probably be reduced by decreasing night
work, for example, by reducing the total amount of night
work through a redesign of the shift schedule (31) or the
allocation of part of the night shifts to younger shift
workers. The traditional shift schedules can be individu-
alized by concentrating more morning shifts into crews
with an older mean age and, correspondingly, by con-
centrating more night shifts into crews with a younger
mean age.

Finally, the option of changing the older nightshift
workers to day work should be considered on individual
bases. Elderly shift workers face a special risk for the
aggravation of the adverse health effects of shift work.,
If possible, shift workers aged 45—50 years should be
transferred to day work as a preventive measure (32, 33).

Because of longer spans of consecutive night shifts,
older shift workers may have more problems adapting to
slowly rotating shift systems. Middle-aged or older sub-
jects may also be less sensitive to an acute sleep loss, as
in the case of a single night shift (34). Thus quickly ro-
tating shift systems should be favored in companies with
many elderly workers. Since aging is related to “morn-
ingness” with the preference of earlier times of rising and
retiring, earlier shift changing times in continuous shift
work should be considered for older shift workers.

Occupational health care

There is general agreement that both medical surveillance
and a counseling service for night shift workers is inevi-
table. It is also clear that intensified medical surveillance
should be organized for aging shift workers with more
health problems. The new European directive on the or-
ganization of worktime (93/104/EC) also states that
“night workers are entitled to a free health assessment
before their assignment and thereafter at regular inter-
vals” [in article 9]. Medical health checks are necessary
to detect the early signs of health problems related to shift
work and to provide health counseling on individual cop-
ing mechanisms. Since aging is related to a steady in-
crease in disorders of different origin, successive health
checks should be planned within shorter periods for old-
er workers (19, 35).

Appropriate coping mechanisms for both young and
aging shift workers include the use of a correct sleep-
wakefulness rhythm and sleep hygiene, correct exposure
to sun light or bright artificial light in relation to the used
shift system, fatigue and stress management, sufficient
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physical activity during leisure time, correct eating and
drinking habits, and the avoidance of drug and stimulant
abuse.

There is not much evidence of older shift workers not
benefiting from the same coping mechanisms as young-
er shift workers. According to a multiple sleep latency
test (MSLT), older adults (30-—80 years of age) have a
lower tendency for daytime sleepiness than young adults
(18—29 years of age) do (36). The results could raise
the question of whether older shift workers could simi-
larly make use of work pauses for napping. The sleep and
circadian rhythmicity of both young and older subjects
have been shown to benefit similarly from physical ac-
tivity (37). Middle-aged subjects may still be less phase-
tolerant to bright light than young subjects are (38), a
question thus being raised concerning the utility of
bright-light intervention in aging shift worker populations
to promote the adjustment to consecutive night shifts.

Generally speaking, aging means a marked increase
in individual differences in the physical, mental, and so-
cial sense. Therefore, the promotion of health and work
ability of a heterogeneous older work force imposed to
shift work should be based on appropriate individual so-
lutions.

Research needs

There is a need for strong evidence on the possible rela-
tionship between shift work and chronic health. Especial-
ly the mechanisms by which shift work may be related
to chronic diseases such as coronary heart disease, duo-
denal ulcer, spontaneous abortion, or even breast cancer
are widely unknown (39). Whether the mechanisms are
related to circadian “dysrhytmia”, sleep deprivation, or
psychological stress would be of primary interest when
new shift schedules with different effects on circadian
rhythms and sleep are designed and coping mechanisms
relating to circadian adjustment (especially the use of
“bright light” treatment to facilitate circadian adjustment)
are selected.

The impact of increasing overtime and telework, and
the interactions of extended worktimes and a faster work
pace on health and well-being should be clarified. On the
other hand, the relationship of well-established nightshift
sleepiness on cognitive performance, productivity, and
accidents in relation to different work demands should
clearly be studied. It is not sufficient to study company-
specific changes in worktimes only with regard to psy-
chosocial factors — changes in worktimes should be an-
alyzed with an interdisciplinary approach by combining
chronobiological, psychosocial, medical, and economic
factors to get a comprehensive view of the change.

More applied research is needed to develop and test
practical countermeasures to improve the health, safety,
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and well-being of older shift workers. There is a lack of
research focusing on age-specific shift scheduling and
new worktime models that try to increase flexibility for
the aging worker with different levels of work ability,
health, and social needs. During the beginning of the
next millennium, more experimental studies are needed
in new areas, such as information ergonomics, visual fa-
tigue, and psychophysiological factors related to new in-
formation-intense tasks.

The aim should be to fit the new work demands of
the current information society to the work ability of the
aging work force by simultaneously developing the work
environment, functional capacities, and various skills of
the workers. We can expect good work ability and the
health and competence of aging workers to be related not
only to the quality of life, but also to improvements in
productivity and the quality of work — and meaningful
life after retirement (40).
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