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The effect of melatonin, a chronobiotic drug, was explored in 29 patients with chronic
fatigue syndrome (CFS) and Dim Light Melatonin onset (DLMO) later than
21.30 hours, reflective of delayed circadian rhythmicity. The patients took 5 mg of
melatonin orally, 5 h before DLMO during 3 months. Their responses to the checklist
individual strength (CIS), a reliable questionnaire measuring the severity of personally
experienced fatigue, were assessed twice with a 6-week interval immediately before the
treatment and once after 3 months treatment. In the pre-treatment period the fatigue
sub-score improved significantly. After treatment, the total CIS score and the sub-
scores for fatigue, concentration, motivation and activity improved significantly. The
sub-score fatigue normalized in two of the 29 patients in the pre-treatment period and
in eight of 27 patients during treatment. This change was significant. In the patients
with DLMO later than 22.00 hours (n = 21) the total CIS score and the sub-scores for
fatigue, concentration and activity improved significantly more than in the patients
(n = 8) with DLMO earlier than 22.00 hours. Melatonin may be an effective treatment
for patients with CFS and late DLMO, especially in those with DLMO later than

22.00 hours.

Introduction

The contribution of delayed melatonin secretion onset
to the experience of fatigue is suggested by several
studies which have demonstrated possible circadian
rhythm disturbances in chronic fatigue patients [1-3].
Melatonin, a hormone produced by the pineal gland
during the dark phase of the day—night cycle, plays a
major role in the synchronization of circadian rhythms
[4]. The dim light melatonin onset (DLMO) test, which
measures the time at which melatonin secretion starts to
increase in dim light, is an established and particularly
convenient method for assessing circadian phase posi-
tion[5]. In healthy subjects the DLMO usually occurs
between 18.00 and 21.30 hours [6].

Melatonin, 5 mg, administered 5 h before DLMO,
advances melatonin onset and sleep—wake rhythm in
patients with delayed sleep—wake rhythm and Ilate
DLMO (delayed sleep phase syndrome). Furthermore it
makes these patients feel more refreshed in the morning
and increases quality of life, as assessed by the SF-36
health questionnaire [7,8].

Previous work has demonstrated that chronic fatigue
syndrome (CFS) patients with late DLMO, who have
received 3 months of melatonin treatment, experience
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improved scores on the SF-36 questionnaire [9]. The
influence of melatonin on fatigue severity has not yet
been studied in these patients.

To guide the design of a future randomized placebo-
controlled trial in CFS patients with delayed melatonin
onset, we analyzed the data of CFS patients with late
melatonin onset, who were treated with melatonin,
5 mg, administered 5 h before DLMO.

Methods

Study protocol

Patients referred to the specialist CFS outpatient clinic
of the Gelderse Vallei hospital participated in the study.
All patients with chronic fatigue studied fulfilled the
following criteria of CFS: (1) persistent fatigue suffi-
cient to impair daily activities for at least 1 year, and
present for at least 50% of the day during the preceding
6 months; (2) no coexistent physical illness which could
explain chronic fatigue; (3) no current or recent medi-
cation which could interfere with sleep, mood or cir-
cadian rhythmicity (e.g. hypnotics, antidepressants or
steroids); (4) no disrupted sleep patterns with loss of
restorative sleep.

When the patient reported disturbances in the
sleep—wake rhythm at the first visit, an ambulatory
polysomnography test was performed at the patient’s
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home. This was done to exclude symptoms of dis-
turbed sleep architecture which might have contribu-
ted to measurement artefacts: these included
fragmented sleep, shortage or slow wave sleep and
rapid eye movement sleep, sleep apnea syndrome, and
restless legs/periodic leg movement disorder. Fur-
thermore endogenous salivary melatonin was assessed
by collecting saliva at the patient’s home in dim light,
hourly from 21.00 to 1.00 hours. Melatonin was
measured in saliva as previously described [10].
DLMO, defined as the time at which salivary mela-
tonin reaches 4 pg/ml, was calculated as the linearly
interpolated time of the first sample above 4 pg/ml
that was preceded by a lower value [10].

At the second visit, 6 weeks after the first visit, the
results of these investigations were discussed with the
patient. When sleep architecture was normal, DLMO
occurred later than 21.30 hours and when there were
no contra indications for melatonin treatment, inclu-
ding epilepsy and use of oral anticoagulants [11],
patients were told that they possibly suffered from a
Delayed Sleep Phase Syndrome-like disorder. And
that we usually treat this disorder with melatonin,
administered 5 h before individual DLMO. We use
this high pharmacological dose as this dose was used
in the placebo-controlled studies on melatonin in
Delayed Sleep Phase Syndrome [7,12]. The patients
were given oral and written information about
melatonin. Melatonin is a not-licensed drug in Eur-
ope. In the United States it has the status of a food
supplement, which is over the counter available.
Severe adverse effects have not yet been reported [13].
The patients who wished to be treated received
melatonin, 5 mg, administered 5 h before their indi-
vidual DLMO. Three months later the results were
evaluated at the third visit.

Checklist individual strength

The checklist individual strength (CIS) [14] is a reliable
and valid questionnaire for measuring fatigue [14-19].
It measures four aspects, namely fatigue severity (eight
items), concentration (five items), motivation (four
items) and activity (three items). Each item is scored on
a 7-point scale. A maximum score (140) indicates the
most severe clinical symptoms. The CIS has been tested
thoroughly in clinical settings among patients with
chronic fatigue, other chronic diseases and healthy
controls [14-17,19,20-23] In healthy controls the sub-
score fatigue is <35.

To assess changes in fatigue, all patients who visit the
specialist CFS outpatient clinic complete a CIS ques-
tionnaire at every visit. We analyzed the questionnaires,
completed at the first, second and third visit.

Statistics

The results were analyzed using the SPSS 11.5 package
(SPSS Inc., Chicago, IL, USA). The Wilcoxon rank-
sum test was used to test the differences of the CIS
scores between visit 1 and 2 (baseline) and between 2
and 3 (before and after 3 months melatonin treatment)
and to test whether there were differences between the
CIS scores of the patients at the first and second visit
and those of a control population (n = 38) described
earlier [17]. Relations between DLMO and changes of
CIS scores were analyzed by computing Spearman’s rho
correlations.

To see if patients with relatively early DLMO
(between 21.30 and 22.00 hours) responded differently
from patients with late DLMO (later than 22.00 hours)
the difference in change in the CIS scores during
3 months melatonin treatment were analyzed between
these two groups of patients, using general linear model
repeated measures procedure with DLMO (early versus
late) as between-subjects factor and measurement (sec-
ond visit versus third visit) as within subjects factor.

To assess the number of patients, who reached nor-
mality as to the sub-score fatigue, we calculated its
frequencies. The Mc Nemar test was used to test the
differences between the three visits.

Results

Forty CFS patients with feelings of insomnia and nor-
mal polysomnography were seen successively at the
outpatient clinic. In seven patients DLMO could not be
determined because salivary melatonin concentrations
remained lower than 4.0 pg/ml. Four patients could not
be treated with melatonin because they wanted to be
pregnant during the treatment period. Twenty-nine
patients, 24 women and five men, completed the CIS
questionnaire at the three visits. There were no drop-
outs. Mean (SD) age was 33.2 (11.2) years. Mean (SD)
DLMO occurred at 22.52 (1.04) hours. In eight patients
DLMO occurred between 21.30 and 22.00 hours (rel-
atively early DLMO). Mean (SD) interval between first
and second visit (baseline period) was 6.4 (0.7) weeks.
Mean (SD) interval between second and third visit
(treatment period) was 12.9 (0.9) weeks. The CIS scores
of the patients with relatively early DLMO did not
differ significantly from those with late DLMO.

The results of the CIS scores are recorded in Table 1.
The scores of the chronic fatigue patients at the first and
second visit were significantly higher then those of the
control population (P < 0.05). From visit 1 to 2 the
sub-score fatigue improved significantly. During mela-
tonin treatment (visit 2-3) total CIS score and all sub-
scores improved significantly.
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Table 1 Results of CIS total score and sub-scores
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Healthy people Visit 1 (n = 29) Visit 2 (n = 29) Visit 3 (n = 29) Dif. visit Dif. visit

(n = 38) ° [mean (SD)] [mean (SD)] [mean (SD)] [mean (SD)] 1-2 ( PY) 2-3 (P
Total score 47.3 (19.8) 111.0 (14.4) 105.3 (23.9) 92.4 (27.2) 0.284 0.006
Fatigue 219 (11.4) 52.4 (4.2) 48.3 (11.2) 43.2 (13.2) 0.026 0.017
Concentration 9.9 (54) 25.1 (7.5) 25.6 (8.4) 22.3 (8.9) 0.465 0.031
Motivation 9.9 (5.1) 16.9 (6.9) 16.7 (6.4) 14.0 (6.3) 0.909 0.010
Activity 5.6 (3.0) 16.7 (4.6) 14.8 (6.2) 12.9 (6.3) 0.056 0.008

Dif, difference; CIS, checklist individual strength.

#Analyzed with the Wilcoxon rank-sum test. In bold statistically significant differences.

PRef.: Vercoulen et al. [15].

During melatonin treatment total CIS score and the
sub-scores for fatigue, concentration and activity
improved significantly more in the patients with late
DLMO than in those with relatively early DLMO
(Table 2).

In the pre-treatment period the sub-score fatigue
normalized in two of the 29 patients. During treatment
this score normalized in eight of 27 patients. This
change was significant (P = 0,031). DLMO did not
correlate significantly with change of the CIS scales
except for the sub-score physical activity between visit 1
and 2 (R = —0,369; P = 0,049).

Discussion

This open label study showed that in CFS patients with
DLMO later than 21.30 hours the sub-score fatigue
normalized during the melatonin treatment period in
significantly more patients than during pre-treatment.
Total CIS scores and the sub-scores fatigue, concen-
tration, motivation and activity improved during
treatment, while in the pre-treatment period only the
sub-score fatigue improved.

The decrease of fatigue during melatonin treatment,
assessed with the CIS, corresponds with findings of an
earlier study [9], showing improved quality of life in
CFS patients with late melatonin onset during melato-
nin treatment.

The improvement of the CIS ‘fatigue’ sub-score in the
6-week pre-treatment period corresponds with the
improvement of fatigue severity in CFS patients seen in
the CFS outpatient clinic in the period between the first
visit and the next visit several weeks later (J.B. Prins,
personal communication).

The improvement during the melatonin treatment
can be due to a placebo effect or to the effects of
melatonin. When the improvement should be due to a
placebo effect, one should expect that patients with
relatively early DLMO respond the same to the treat-
ment as patients with late DLMO. However we found
that these latter patients improved much more than
patients with relatively early DLMO. Furthermore, the
relatively long period between starting treatment and
completing the outcome measure CIS [24], makes it
unlikely that the effects of melatonin treatment were
because of a placebo response.

Using an arbitrary cut-off of early and late DLMO
at 22.00 hours our findings suggested circadian
problems being related to fatigue, concentration, and
activity. However we did not find a significant cor-
relation between DLMO and change in different CIS
scales.

Results of observational studies should not be used
for defining evidence based medical care [25]. However
when observational studies are well designed, they do
not systematically overestimate the magnitude of the

Table 2 Checklist individual strength scores differences between relatively early [dim light melatonin onset (DLMO) between 21.30 and
22.00 hours] and late DLMO (DLMO >22.00 hours) treatment groups in the change during melatonin treatment (from visit 2 to visit 3), analyzed

with general linear model repeated measures procedure

Difference
early — late
Early DLMO ( n = 8) Late DLMO ( n = 21) DLMO
Visit 2 [mean (SD)] Visit 3 [mean (SD)] Visit 2 [mean (SD)] Visit 3 [mean (SD)] F P
Total score 100.25 (19.97) 102.25 (17.32) 107.29 (25.40) 88.67 (29.65) 6.612 0.016
Fatigue 47.63 (8.54) 48.38 (8.90) 48.52 (12.25) 41.19 (14.24) 4.206 0.050
Concentration 25.13 (9.08) 27.38 (5.34) 25.71 (8.31) 20.38 (9.29) 7.821 0.009
Motivation 16.00 (4.84) 14.13 (5.28) 17.00 (6.99) 14.13 (5.28) 0.298 0.590
Activity 11.50 (7.4) 12.38 (7.19) 16.05 (5.29) 13.14 (6.08) 5.549 0.026
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effects of treatment as compared with those in rand-
omized controlled trials [26,27].

Nevertheless the results of our study cannot be used
to justify treatment with melatonin in CFS patients. But
they can be used to calculate the power for a random-
ized placebo controlled study. In this study the weak
points of the present study should be addressed. Espe-
cially co-morbidity, co-medication, sleep—wake param-
eters, duration and probable cause of the circadian
rhythm disorder should be assessed. Furthermore,
studies in patients who complete both CIS and SF-36
questionnaires will show whether changes of fatigue
correspond with changes in quality of life.

Melatonin has both a hypnotic and a chronobiotic
effect [28] The hypnotic effect occurs within one hour
after administration and decreases one hour later. The
chronobiotic effect, which advances sleep onset and offset
times, occurs maximally when melatonin is administered
5 h before DLMO [29]. Probably the positive effect of
melatonin in our patients is because of this chronobiotic
effect. We did not measure DLMO after melatonin
treatment because several placebo-controlled studies
evidently showed that melatonin advances DLMO in
patients with late DLMO [7,30-33]. Williams et al. [34]
administered melatonin 2 h before desired bed time in
CFS patients. They could not demonstrate effectiveness.
This is probably because they did not assess circadian
rhythmicity and because they administered melatonin at
a time at which chronobiotic effects do not occur.
Another explanation could be the cross-over design of
their study. Consequently some patients received melat-
onine during the first part of the study. This could nor-
malize their circadian rhythmicity. After stopping the
melatonin treatment the rhythmicity could remain nor-
mal during the following study period.

We found a late DLMO in our patients. This late
DLMO can be due to a defect of clock genes [35],
enzymes involved in the melatonin synthesis [7], or
neural connections between the retina and pineal gland
[36]. The late DLMO in our patients suggests that de-
layed circadian rhythmicity might be related to CFS
symptomatology. However, the CIS scores of the pa-
tients with early DLMO did not differ significantly from
those with late DLMO.

Chronic fatigue syndrome is often preceded by viral
infections. These viral infections could have damaged
the neural connections between retina and pineal gland,
resulting in late melatonin onset and disturbed circa-
dian rhythm. Just as these connections can be damaged
by a whiplash trauma, resulting in a chronic whiplash
syndrome with delayed sleep phase syndrome[33,36].
Another possibility is that the late melatonin onset is
because of the shift of the sleep-wake rhythm of the
chronic fatigue patient.

According to several reports known physical causes
for chronic fatigue have to be excluded before diagno-
sing CFS [37-42]. In our chronic fatigue patients, cir-
cadian rhythmicity seemed to be disturbed, as suggested
by the late melatonin onset. Consequently they could be
considered as CFS patients with overlapping DSPS, or
DSPS patients formerly misdiagnosed as CFS.

The insomnia complains of our patients could not be
confirmed polysomnograhically. The pathophysiology
of this insomnia subtype, sleep state misperception, is
still unclear [43].

The present study warrants to be aware of delayed
rhythmicity in CFS patients. As long as the effectiveness
of melatonin not has been established in randomizes
placebo-controlled studies, special attention should be
given to other generally accepted treatments for delayed
circadian rhythmicity. Consequently special attention
should be given to strengthen time cues and the influ-
ence of early morning light [44].
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