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Objectives This field study measured whether repeated, brief exposures to bright light during night shifts
improved subjective well-being during and after night work. A secondary objective was to investigate whether
this response differed by season (summer or winter), seasonality, or age.

Methods Eighty-seven healthy female nurses were voluntarily exposed to brief periods (420 minutes) of
bright (5000 lux) light at scheduled times during every night shift over a 2-week period. Each morning following
a night shift the subjects filled out self-assessment questionnaires measuring subjective symptoms and distress
caused by work at night. The questionnaires were also completed 2 weeks before and after the light intervention.
The study had two phases, summer (May-June) and winter (November-December). Thirty-seven of the subjects
participated during both periods.

Results Light significantly alleviated the subjective distress associated with nightshift work, both in summer
and in winter, independent of the subject’s age. The effect was stronger for those who reported routine seasonal
changes in mood.

Conclusions Short pulses of timed bright-light exposure may enhance subjective adaptation to night work.

Key terms circadian phase, phototherapy, seasonality.

Night work conflicts with the internal circadian clock,
and shift work schedules have been proposed that would
interfere with circadian rhythms as little as possible (1).
Light is the strongest known time-giver of the inner
clock, and artificial bright or medium-intensity light has
been used to shift the phase of circadian rhythms to
achieve a faster adaptation to night work (2). Bright
light (over 2500 lux) is the treatment of choice for sea-
sonal affective disorder in winter (3), and recent stud-
ies indicate that light may have a positive effect on
mood even in the absence of depressive disorder (4). A
previous study found short (20 minutes) periods of
bright light during night shifts to be beneficial in terms
of reduced tiredness and higher performance (5). This
finding has important practical implications because, in
most workplaces (eg, hospital wards), the 4-hour to all-

night bright-light conditions used in simulated nightshift
studies are not feasible. Using a larger population and a
real-time field setting, our study aimed at determining
(i) whether brief, timed bright-light pulses reduce sub-
jective distress related to night work, (ii) if the response
varies according to season (summer versus winter), and
(iii) the factors predicting a person’s response to this in-
tervention.

Subjects and methods

The subjects were nurses currently working on night
shifts. Head nurses of wards in four central hospitals in
southern Finland were informed of the study protocol
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and provided with information leaflets to be delivered
to nurses who volunteered for the study. Portable light
fixtures with two 55-watt, cool white, fluorescent lamps
(Philips Ltd, Eindhoven, The Netherlands) emitting a
light intensity of 5000 lux at eye-level were delivered
to the wards. The subjects were instructed to use the
devices for 20 minutes, between 2200 and 2300, 2400
and 0100, 0200 and 0300, and 0400 and 0500, as their
duties allowed. The study was carried out in 1999 dur-
ing the summer (10 May to 20 June) and winter (8 No-
vember to 19 December). The length of daylight on
these dates was 16 hours, 45 minutes to 18 hours, 56
minutes and 8 hours, 7 minutes to 5 hours, 50 minutes,
respectively. Each 6-week period was divided into base-
line, light exposure, and follow-up periods of 2 weeks.

Assessment

Subjective evaluations of nightwork-induced symptoms
were recorded after each night shift using the Scale for
Shift-Work Complaints (SSC), a 17-item questionnaire
adopted from the Columbia Jet Lag Scale (6) (appen-
dix). Before the study, all the subjects completed the
Seasonal Pattern Assessment Questionnaire (SPAQ) (7),
a 26-item abbreviated version of FINRISK (8) and the
RAND 36-item Health Survey (RAND) (9). The sub-
jects who participated in the winter also filled out the
Horne-Ostberg Morningness-Eveningness Question-
naire (MEQ) (10). The SPAQ measures seasonal chang-
es in mood and behavior and includes a 6-item scale giv-
ing the Global Seasonality Score (GSS). The SPAQ cri-
teria for subsyndromal seasonal affective disorder de-
scribed by Bartko & Kasper (11) were used as a basis
for assessing seasonal changes in mood for each sub-
ject. This variable was named seasonality, with values
“yes” or “no”. The RAND measures eight dimensions
of functioning that reflect the perceived health-related
quality of life: physical and social functioning, general
health, limitations due to physical health or emotional
problems, pain, vitality, and emotional well-being. The
dimensions used in the RAND are identical to those in
the Medical Outcomes Study 36-item Short Form Health
Survey (SF-36) (12), but the scoring algorithm used is
somewhat different. The abbreviated FINRISK consists
of 26 questions concerning smoking, alcohol consump-
tion, dietary fat intake, and habitual exercise.

Ethics

The study protocol was approved by the Ethics Com-
mittee of the National Public Health Institution. Writ-
ten informed consent was obtained from the subjects
before their participation.
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Subjects

One hundred and four women enrolled for the study and
returned the baseline questionnaires. Their mean age
was 38.8 (SD 7.9, range 22-57) years, and their mean
body mass index was 24.0 (SD 3.7) kg/m?. Thirty-two
(31%) of the nurses reported having at least a subsyn-
dromal degree of seasonal difficulties as measured with
the SPAQ (11). Fifty-three (51%) had smoked, although
only 13 (12.5%) did so during the study period, and 67
(64%) reported consuming alcohol only occasionally or
not at all. Fifty-three (51%) exercised regularly at least
twice a week. There were 85 subjects in the summer and
56 in the winter, 37 of whom enrolled for both study
periods. All were working on a rotating shift schedule,
with one to seven night shifts in each of the 2-week pe-
riods. The night shifts started between 2100 and 2200
and ended usually at 0700.

Statistics

The main outcome measure was the absolute score on
the SSC, recorded after each night shift. To estimate the
intervention effect with the SSC, a linear mixed-effects
model for longitudinal data was used (13). The model
accounts for the intraindividual correlation between
measurements by setting the variation as a random ef-
fect and treating each person as a cluster in the model-
ing. In the model, the SSC was set as the dependent var-
iable, and light exposure, baseline characteristics, and
their interactions were the independent fixed effects (co-
variates). For the estimates, 95% confidence intervals
(95% CI) were calculated, and t-tests (significance lev-
el 0.05) were performed on the hypothesis that the esti-
mate differed from zero. The data were screened and
analyzed with the S-Plus 2000 Professional Edition for
Windows, Release 1 (Mathsoft Inc).

Results

Of the 104 subjects who returned the baseline question-
naires, 86 (83%) participated in the study, 59 (69%) in
the summer and 52 (60%) in the winter. The subjects
who entered the study did not differ from those who did
not with respect to any of the baseline characteristics.
The dropouts were mainly due to incongruity between
the work schedules and the study periods (no night
shifts, holidays). Thus the final analysis comprised data
from 34, 27, and 25 women who participated only in
the summer, winter, and both periods, respectively. The
mean age was 39.2 (SD 7.8, range 22-57) years,
and the mean body mass index was 24.0 (SD 3.5, range
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Table 1. Estimates of the effects (linear mixed-effects model) of
light, time of year, seasonal changes in mood (seasonality), and
their interactions on the Scale for Shift-work Complaints.2 (95%
Cl=95% confidence interval, NS=not significant)

Estimate  95% Cl P-value
Use of light versus no light -43 -7.9--07 0.02
Seasonality (yes versus no) 6.0 1.0-11.0 0.02
Time of year (summer versus winter) -11  -46- 24 NS
Light x seasonality -56 -97--14 0.01
Time of year x seasonality -1.0 -6.8- 4.8 NS
Time of yearxlight 00 -40- 40 NS

2 Number of observations 492, number of subjects 86.

Table 2. Score on the Scale for Shift-Work Complaints during the
study periods according to seasonality.

Baseline period  Light exposure Follow-up

Mean  SD Mean SD Mean  SD
No seasonality 21.0 9.9 16.2 9.9 171 10.2
Seasonality 25.0 8.6 13.2 57 25.8 141
All subjects 236 9.6 178 9.2 196 113

Table 3. Estimates of the effect of the baseline characteristics on
the Scale for Shift-work Complaints.2 (95% Cl=95% confidence
interval, NS=not significant)

Estimate  95% Cl  P-value
Age (>40 years versus <40 years) 19 -19- 56 NS
Body mass index (=25 versus <25) 23 27-173 NS
Regular exercise versus exercise 1.0 -26- 46 NS
not at all or seldom
Previous high cholesterol (yes versus no) -0.2 4.8 - 45 NS
Smoking (yes versus no) 36 -37-108 NS
Consumption of alcoholic beverages
(seldom to often versus not at all 07 -30- 44 NS
or occasionally)
RAND scales (see reference 9)
Physical functioning -01 -04- 02 NS
Limitations due to physical health -0.03 -0.09- 0.03 NS
Limitations due to emotional -0.08 -0.1 --0.03 0.001
problems
Vitality -01  -0.2 --0.03 0.01
Emotional well-being -02 -0.3 --0.05 0.006
Social functioning -0.1  -0.2 --0.05 0.001
Pain -0.01 -0.1- 0.08 NS
General health -0.07 -0.2- 0.05 NS

19-39) kg/m?. Twenty-six (30%) reported having
experienced seasonal changes in mood and behavior.
The mean number of night shifts during the baseline and
light periods was 3.0 (SD 1.8) and 2.9 (SD 1.7), respec-
tively.

The mean SSC score after the first night shift was
24.6 (95% CI 22.4-26.8) overall, 25.1 (95% CI 21.9-
28.4) in the summer, 24.4 (95% CI 21.3-27.4) in the
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winter, and 28.3 (95% CI 24.7-32.0) versus 23.2 (95%
CI 20.5 to 26.0) for the subjects reporting seasonal
symptoms versus no such changes. Bright-light inter-
vention reduced the scores on the SSC during the study,
while the seasonality trait had the opposite effect (table
1). The light X seasonality interaction was significant
(P=0.01), the reduction in the symptom score being
more pronounced for the subjects with the seasonality
trait (mean -9.9, 95% CI -13.0 —-6.7, contrast: no
light and no seasonality). Table 2 shows the mean val-
ues of the SSC during the study periods. Season (sum-
mer or winter) was taken into account, but it did not
influence the results. When mixed-effects models with
light exposure, seasonality, and time of year as random
effects were tested against the fixed-effects models
(analysis of variance), they did not add to the power of
the statistical analysis. Table 3 presents the effects of
the remaining baseline characteristics of the SSC.

Ten subjects reported side effects possibly related
to bright-light exposure: headache (8 subjects, 6 report-
ing concomitant nausea) and irritation of the eyes (2
subjects).

Discussion

Our main finding was that short pulses of bright light
appeared to improve subjective well-being during and
after the night shifts of our subjects. Similar findings
have been reported by Costa et al (5), who also used
short periods (4x20 min) of moderately bright (2350
lux) light exposure, and by Iwata et al (14) with a total
of 30 minutes of light (over 3000 lux) exposure per shift.
Four hours of light increased subjective alertness in a
study by Foret et al (15), although the light used was
not bright (700-1000 lux), whereas, in a similar design
using bright (over 4000 lux) light, no effect on alert-
ness and performance was found in a group of middle-
aged subjects (16).

To our knowledge, the effect of seasonality on sub-
jective adaptation to shift work has not been studied ear-
lier. In winter depression, circadian rhythms have been
described as both phase-delayed and poorly entrained
to the 24-hour day (17), and patients with winter de-
pression also seem to be more sensitive to melatonin
suppression by bright or dim light than referents (18).
Bright light also has mood-lifting effects on subjects
with subsyndromal seasonal symptoms (19). The effi-
cacy of light therapy may be partly explained by im-
provement in disturbed circadian rhythmicity. In this
study, the light exposure was not aimed at producing
circadian phase shifts, and the fact that neither circadian



phase nor melatonin excretion was measured limits the
interpretation of the results. We hypothesize that sub-
jects with the seasonality trait may have preexisting
circadian disturbances that render them more vulner-
able to the detrimental effects of shift work, but pos-
sibly also are more sensitive to bright light stimuli.
These results must however be interpreted with cau-
tion, as we also found that season (summer or win-
ter) had no influence. This result is surprising, as the
subjects with the seasonality trait would be expected
to suffer more from season-related symptoms during
wintertime. It may be that the abrupt change in the cir-
cadian rhythms related to night work is such a strong
disturbing factor that season-related symptoms are dis-
guised by it.

Shift work may be especially hazardous for older
workers (20), and aging seems to decrease the ability to
recover after several night shifts (21). Older age has
been connected to increased “morningness” and slower
circadian adjustment to shift work (21). In this study,
however, the circadian type did not correlate with age,
and age was not found to influence the effect, even af-
ter the cut-off point was raised from 40 to 45 or 50 years.

A shortcoming of the study was that all the subjects
were women. This restriction limited the generalizabil-
ity of the results, although there is no clear evidence of
gender differences in the adaptation to night work (22).
Another limitation is that the number of night shifts dur-
ing the study periods varied between the subjects. This
difference was unavoidable considering the study de-
sign. However, this variation was taken into account in
the statistical analysis, and therefore it does not com-
promise the results.

The SSC mixes symptoms felt during and after the
night shift. Thus it cannot be used to investigate circa-
dian phase changes or physiological adaptation to
changing work schedules. The questionnaire was cho-
sen because the study focused on subjective complaints
related to shift work, a condition resembling the exter-
nal desynchronization of circadian rhythms in jet lag.

In conclusion, our results suggest that brief, timed
exposure to bright light is an effective and well-tolerat-
ed means of alleviating night, work-induced subjective
symptoms among women, especially those who routine-
ly experience seasonal changes in mood and behavior.
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Appendix
Items on the Scale for Shiftwork Complaints

How much have you been bothered by the following symptoms during or after this night shift?
Scale of 0—4: 0 = not at all, 1 = a little bit, 2 = moderately, 3 = quite a bit, 4 = extremely.

Decreased alertness before 0400
Decreased alertness after 0400
Sleepiness or falling asleep before 1000
Sleepiness or falling asleep after 1000
Fatigue or tiring easily

Physical clumsiness

Trouble concentrating or thinking clearly
Disorientation

Trouble with memory

General feeling of weakness
Light-headed, dizzy, or other uncomfortable sensations in the head
Lethargy or sluggish feeling

Loss of appetite

Trouble falling asleep during the day
Craving for sweets

Feeling sad or low in spirit

Loss of pleasure or motivation
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