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Abstract

Up to 25% of ovulating women suffer from primary dysmenorrhea, a condition associated with pain and transient-reduced quality of
life, along with greater irritability and impaired sleep. In the present study, we asked whether and if so to what extent melatonin and
meloxicam can improve subjective and objective sleep and reduce pain among women with primary dysmenorrhea (PD). To this
end, we conducted a double-blind cross-over clinical trial lasting for three menstrual cycles. A total of 14 women (mean age M=

27.5 years) with primary dysmenorrhea took part in the study. At baseline, that is, during the first menstruation, they completed a
visual analogue scale to rate pain; sleep continuity was assessed via actigraphs, and overall sleep quality was assessed with the
Pittsburgh Sleep Quality Index (PSQI). Next, participants were randomly assigned to one of two conditions, either melatonin during
the second, and meloxicam during the third menstruation, or meloxicam during the second, and melatonin during the third men-
struation. Neither participants nor investigators were aware of participants’ study assignment. During the second and third menstru-
ations, the assessments described above were repeated. At baseline, sleep assessed both objectively and subjectively was impaired,
and pain was high. Subjective sleep improved and pain decreased during the second and third menstruations irrespective of whether
melatonin or meloxicam was administered first or second. Likewise, objective sleep efficiency increased and objective sleep latency
shortened. The efficacy of melatonin was superior to that of meloxicam. The present pattern of results suggests that both melatonin
and meloxicam are suitable to treat pain and PD-related sleep complaints among women with primary dysmenorrhea.
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Introduction defined as primary dysmenorrhea (PD; Iacovides et al.
2015). Other symptoms include headache, lack of energy, in-
Abdominal cramping pain at the onset of and during menstru-  somnia, low mood, decreased quality of life, stress, and socio-

ation and in the absence of identifiable pelvic pathology is  behavioral issues (lacovides et al. 2015). Prevalence rates
range from 25 to 45% of menstruating women (Dawood
2006; Iacovides et al. 2015). Furthermore, in about 20% of
women with PD, pain severity may impact negatively on ev-
eryday activities and lead to absence from school or work
(Latthe and Champaneria 2014; Dawood 2006).
Abd-El-Maceboud et al. (2014) listed the following inter-
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As regards sleep, Baker et al. (1999) and lacovides
et al. (2015, 2009) showed that, compared to women
without PD, women with PD had both subjectively and
objectively reduced sleep. Reduced sleep includes
subjective lower sleep quality, shorter sleep duration,
more awakenings after sleep onset, and lower sleep
efficiency. Additionally, poor sleep and increased pain
processing are associated. Lautenbacher (2017) and
Lautenbacher et al. (2006) showed that sleep deprivation
increased pain in an almost linear function (cf. Onen et al.
2001; Roehrs and Roth 2005). Correspondingly, pain im-
pairs sleep (Lautenbacher 2017; Marshansky et al. 2017,
Roehrs and Roth 2005). We took all these observations
into account and asked whether and if so to what extent a
pain reliever (meloxicam) could both relieve PD-related
pain and improve PD-related sleep during menstruation.
We also asked whether a sleep remedy (melatonin) might
have similar benefits.

Meloxicam is a nonsteroidal anti-inflammatory drug
(NSAID) with analgesic and fever-reducing effects. In
double-blind studies of treatments for PD-related pain,
meloxicam proved to be superior to placebo (Chantler et al.
2008) and equal to mefenamic acid (de Mello et al. 2004), but
no study has yet investigated the influence of meloxicam on
sleep either in general or among women with PD.

Melatonin is a hormone that is produced by the pineal
gland and regulates sleep and wakefulness. As a medica-
tion, melatonin appeared to have the potential to improve
sleep among adults with insomnia (Auld et al. 2017).
Additionally, research on assisted reproductive technolo-
gies indicates that melatonin seems to increase fertiliza-
tion rate (Vitale et al. 2016). Exogenous melatonin also
has the potential to perform as an analgesic (Zhu et al.
2017), probably via a down-regulation of inflammatory
pathways (Posa et al. 2017). Accordingly, it is conceiv-
able that melatonin impacts positively both on sleep and
on pain in women with PD.

The following hypotheses were formulated. First, follow-
ing others (Chantler et al. 2008; de Mello et al. 2004), we
expected that meloxicam would reduce pain. Second, follow-
ing the rationale of the pain-sleep-link (Lautenbacher 2017,
Lautenbacher et al. 2006; Roehrs and Roth 2005), we expect-
ed improved sleep when pain was reduced under meloxicam.
Third, following others (Auld et al. 2017), we expected that
sleep would improve under melatonin. Fourth, following Posa
et al. (2017), we expected that melatonin would have positive
effects with respect to pain as well as sleep. To test the hy-
potheses, we performed a double-blind study with a cross-
over design in which women with PD were randomly
assigned either to a melatonin-first-meloxicam-second, or a
meloxicam-first-melatonin-second condition. We believe that
the results might help both women with PD and professionals
to cope with both PD and PD-related poor sleep.
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Method
Procedure

Eligible women with primary dysmenorrhea were informed
about the aims of the study, and the confidential and anony-
mous handling of the data. Afterwards, participants gave their
written informed consent. There were three time points for
assessment, corresponding to three menstruations. Sleep was
assessed both subjectively and objectively; pain was assessed
via a visual analogue scale (VAS) during the days of each
menstruation. After baseline and at the second menstrual
cycle, participants were randomly assigned to one of the
following two study conditions: Participants given melato-
nin during the second menstrual cycle received meloxicam
for the third menstrual cycle; participants given meloxicam
during the second menstrual cycle received melatonin for
the third menstrual cycle.

This randomized crossover trial was conducted between
June 2015 and August 2016 at the Kermanshah University
of Medical Sciences (KUMS), Kermanshah, Iran. All proce-
dures were approved by the institutional ethics committee of
the KUMS, and performed in accordance with the rules laid
down in the Declaration of Helsinki (Iranian Registry of
Clinical Trials: IRCT2015031521475N1).

Sample

Eligible participants were thoroughly screened for medical
and psychiatric issues. Inclusion criteria were (1) aged be-
tween 18 and 35 years, (2) self-reported abdominal pain (six
of more points on the visual analogue scale) immediately prior
to and during the first 3 days of menstruation, (3) regular
menstruation with a cycle duration of 28 days=+3 days, and
(4) impaired sleep (Pittsburgh Sleep Quality Index score of
five and higher) immediately prior to and during the first
3 days of menstruation. Exclusion criteria were (1) diagnosis
of secondary dysmenorrhea; (2) sleep-related issues such as
RLS, snoring, sleep apnea, shift-work, and sleep-wake disor-
ders; (3) psychiatric disorders such as major depressive disor-
ders, eating disorders, bipolar disorders, and substance use
disorder; (4) 2 weeks prior to the first screening and through-
out the entire study excessive intake of sleep-altering sub-
stances; (5) hormonal contraceptives; and (6) breastfeeding
(exclusion criteria 1-6 based on a thorough medical, psychi-
atric, and sleep-related interview performed by medical doc-
tors, psychiatrists, and clinical psychologists).

Power analysis and randomization
Power analysis was performed with G¥Power®3.1.9.3. A

minimum sample size of 11 participants per cycle was re-
quired to detect a mean difference of 2.0, standard deviation
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of 2.0, 90% power, and 5% type I error, between baseline
period and medication period. Julious (2005) has suggested
that samples of 12 participants should be sufficient to run
pharmaceutical pilot studies. Randomization occurred via
computerized software (www.randomizer.org®).

Tools

Subjective sleep: Pittsburgh Sleep Quality Index (PSQI; Buysse
et al. 1989)

The PSQI is a self-report scale that is completed in 5 min; it
consists of 19 items and contains seven subscales (subjective
sleep quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbance, sleeping medication, and daytime dysfunc-
tion), each weighted equally on a scale from 0 to 3, with
higher scores indicating poorer sleep quality. The seven com-
ponents are then summed to obtain an overall PSQI score,
ranging from 0 (good sleep quality) to 21 (poor sleep quality).
Total scores of > 5 reflect poor sleep, associated with consid-
erable sleep complaints. Farrahi et al. (2012) validated the
psychometric properties of the Farsi version (Cronbach’s
alpha =.83).

Objective sleep assessment

Actigraphy (Ambulatory Monitoring, Inc., USA) was
used to record objective sleep continuity. The actigraph
is a portable device which records patients’ movements
to assess sleep parameters. Participants wore a digital
movement-measuring instrument on the wrist of the non-
dominant hand. The tool registers every movement above
0.012 g in a bi-axial direction. The data, recorded in 30-s
intervals, were digitally integrated and afterwards translat-
ed into sleep measures using the software program (based
on sleep/wake algorithm as defined by Gorny et al. 1997).
The following parameters are scored: total sleep time
(TST), sleep onset latency (SOL), number of awakenings
after sleep onset (NWAK), and sleep efficiency (SE).
Participants wore the actigraph during their menstrual
periods.

Subjective pain

To assess participants’ dysmenorrhea-related pain, a 100-mm
visual analogue scale (VAS) was employed, with the anchor
points 0 (= “no pain at all”) to 10 (= “the worst pain I have
ever felt”). Previous studies have shown that the VAS pro-
vides both reliable and valid assessments of pain (Coll and
Ameen 2006; Collins et al. 1997).

Medication

Capsules were administrated to be taken shortly before going
to bed during each night of their menstrual period. Each cap-
sule consisted either of melatonin (3 mg) or meloxicam
(7.5 mg) in gelatine capsules. The melatonin and meloxicam
capsules were identical in shape, color, weight, scent, consis-
tency, and packaging.

Further analgesic use

If participants required further pain relief (over the counter:
OTCs without prescriptions) after taking the study medica-
tion, they were allowed to take their own medication,
reporting the total number of items consumed during the entire
menstrual phase.

Statistical analysis

ANOVAs for repeated measures were performed with Time
(baseline, second, and third menstruation), study condition
(melatonin-first-meloxicam-second vs. meloxicam first—
melatonin-second), and the Time by Study condition inter-
actions as factors, and subjective and objective sleep pa-
rameters and subjective pain and analgesic use as depen-
dent variables. Post hoc tests after Bonferroni-Holm cor-
rections for p values were performed to examine differ-
ences between the three specific time points both between
and within the two study conditions. The nominal level of
significance was set at alpha <.05. In case of deviation
from sphericity, Greenhouse-Geisser corrected degrees of
freedom and epsilon € values were used. All statistics were
performed with SPSS® 22.0 (IBM Corporation, Armonk
NY, USA) for Apple® Mac®.

Results
Sample

Forty-eight eligible participants were screened, and 16 ful-
filled the inclusion criteria. Of these, 14 agreed to participate
in the study; thus, data from 14 completers were analyzed
(Fig. 1). Mean age was 27.5 £4.2 years (range 22—-34 years).
The mean body mass index (BMI) was 28.2 4.3 kg/m”.
Menses duration was 6.2 £0.6 days.

Tables 1 and 2 report all descriptive and inferential statisti-
cal indices.

Pain

Pain decreased over time (Fig. 2). A significant Time by
Group interaction was observed; compared to the
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Fig. 1 CONSORT diagram
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meloxicam condition, pain was lower in the melatonin
condition. Post hoc analyses showed that, compared to
the baseline, pain perception declined during both the
second (either melatonin or meloxicam) and the third
menstruation (either meloxicam or melatonin). Post hoc
analyses within the study conditions showed that pain
decreased continuously in the melatonin, but not in the
meloxicam condition.

Subjective sleep (PSQI)

Subjective sleep (PSQI total score) improved over time
(Fig. 3). Total sleep time and sleep efficiency increased,
sleep onset latency shortened, and the number of awaken-
ings after sleep onset and the PSQI total score decreased.
No significant group differences and no significant Time
by Group interactions were observed. Descriptively (large
effect size), sleep duration increased more in the melatonin

@ Springer

than in the meloxicam condition. Post hoc analyses
showed that compared to the baseline, subjective sleep in-
creased during both the second (either melatonin or
meloxicam) and third menstruation (either meloxicam or
melatonin). Specifically, subjective sleep duration in-
creased, the subjective number of awakenings after sleep
onset decreased, and sleep efficacy increased both under
melatonin and meloxicam, and always compared to the
baseline.

Objective sleep (actigraphy)

Total sleep time (TST), sleep onset latency (SOL), the
number of awakenings after sleep onset, and sleep efficacy
(SE) did not change significantly over time, and no signif-
icant Group and Time by Group interactions were observed
(see Table 2). However, there were large effect sizes over
time for shortened sleep onset latency, while a medium
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Table 1

Overview of descriptive statistics for pain (visual analogue

scale), subjective (Pittsburgh Sleep Quality Index) and objective sleep
(actigraphy), and analgesic use, separately for the time points (baseline,

midpoint, and end) and study condition (melatonin first-meloxicam sec-
ond vs. meloxicam first-melatonin second)

Study condition

Melatonin first-meloxicam second

Meloxicam first-melatonin second

Baseline Midpoint End Baseline Midpoint End
N 7 7 7 7 7 7

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Pain: visual analogue scale (VAS) 75.43 (16.57) 39.29 (14.26) 47.86 (15.77) 68.71 (9.01) 39.29 (17.18) 25.71 (13.38)
Subjective sleep (PSQI)
Sleep onset latency (min) 70.71 (30.88) 25.71 (20.3) 25.71 (11.34) 86.43 (73.41) 30.00 (8.66) 25.71 (25.07)
Awakenings after sleep onset (nr)  2.43 (0.53) 0.43 (0.79) 0.57 (0.53) 2.57 (1.72) 0.57 (0.78) 0.86 (0.90)
Sleep efficiency (%) 69.86 (8.86) 90.71 (9.59) 90.00 (4.62) 64.93 (24.62) 88.14 (7.29) 87.14 (12.65)
Total sleep time (TST; min) 33429 (32.07)  415.71 (55.93)  411.43(28.54)  300.00 (109.54)  377.14 (45.36)  381.42 (74.93)
PSQI score 8.00 (2.83) 2.43 (2.88) 2.29 (1.38) 7.71 (2.93) 3.00 (1.83) 3.14 (3.24)
Objective sleep (actigraphy)
Sleep onset latency (min) 27.00 (19.10) 18.14 (9.26) 24.71 (17.84) 20.29 (15.67) 10.57 (10.36) 11.43 (5.35)
Awakenings after sleep onset (nr)  0.39 (0.36) 0.55 (0.33) 0.64 (0.46) 0.69 (0.65) 0.16 (0.05) 0.49 (0.62)
Sleep efficiency (%) 87.71 (11.03) 94.56 (3.36) 92.71 (2.21) 85.29 (10.89) 88.00 (4.80) 89.14 (4.53)
Total sleep time (min) 381.86 (39.73)  419.57 (43.71)  404.57 (35.3) 380.86 (66.07) 384.14 (21.32)  404.14 (32.36)
Analgesic use (nr) 5.00 (1.29) 2.29 (1.50) 1.14 (0.69) 5.86 (3.18) 2.14 (0.69) 3.14 (2.61)

PSQI Pittsburgh Sleep Quality Index

effect size was observed for increased sleep efficiency.
Furthermore, compared to the meloxicam condition, the

Table 2

Overview of inferential statistics for pain (visual analogue

scale), subjective (Pittsburgh Sleep Quality Index) and objective sleep
(actigraphy), and analgesic use, separately for the time points (baseline,

melatonin condition was superior (large effect sizes) for
shortened sleep onset time (Fig. 4) and for sleep efficiency.

midpoint, and end) and study condition (melatonin first-meloxicam sec-
ond vs. meloxicam first-melatonin second)

Factors Condition Time Time x condition interaction

Degrees of freedom 1,12 2,12 2,24

Factors F Partial eta®>  F Partial eta®> F Partial eta’ Greenhouse-Geisser epsilon
Pain (visual analogue scale) 3.09 .205 33. 2%k 735 2.76%%* 187 .695
Subjective sleep (PSQI)

Sleep onset latency 0.23 .019 14.11%%* .540 0.26 .021 .633
Awakenings after sleep onset  0.36 .029 19.43%** 618 0.03 .002 .806
Sleep efficiency 0.51 .040 16.94%** 585 0.05 .004 704
Total sleep time 2.16 152 8.89%** 426 0.02 .002 707
PSQI score 0.15 .012 25.25%** 678 0.25 021 792
Objective sleep (actigraphy)

Sleep onset latency 2.75 186 242 168 .35 .029 771
Awakenings after sleep onset ~ 0.19 .002 1.35 .101 3.13 207 992
Sleep efficiency 4.26 262 1.87 135 0.30 024 614
Total sleep time 0.73 .006 1.43 .107 0.90 .070 .840
Analgesic use 1.23 .093 2536%* 679 2.07 147 703

PSQI Pittsburgh Sleep Quality Index
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Use of analgesic medications

The use of other analgesic medications decreased over time,
and irrespective of melatonin or meloxicam.

Discussion

The key findings of the present study were that, in a sample of
women with primary dysmenorrhea, compared to the base-
line, administration of both melatonin and meloxicam im-
proved subjective sleep and reduced pain. As regards objec-
tive sleep, large effect sizes were observed over time for short-
ened sleep onset time and increased sleep efficiency. The pres-
ent results add to the current literature in that we showed that
both a pain reliever (meloxicam) and a sleeping drug
(melatonin) produced improvements in subjective sleep, pain,
use of additional analgesic medication, and dimensions of
objective sleep.

Four hypotheses were formulated and each of these is now
considered.

Our first hypothesis was that meloxicam would reduce
pain, and this was confirmed. The results expanded upon
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Fig. 4 Sleep onset latency changed over time. Points are means

previous research (Chantler et al. 2008; de Mello et al. 2004)
in that these results emerged in a double-blind RCT to treat
PD-related pain.

Our second hypothesis was that the administration of
meloxicam would also have a positive impact on participants’
sleep patterns, and again, this was confirmed. Accordingly, we
were able to expand upon previous research in showing that a
pain reliever (meloxicam) could improve sleep among women
with PD. Importantly, sleep improved both subjectively and
objectively (medium effect sizes for sleep efficiency and
awakenings after sleep onset). While the data available could
not shed light on the underlying mechanisms, we follow
others (Lautenbacher 2017; Lautenbacher et al. 2006;
Roehrs and Roth 2005), who have argued that pain and pain
elaboration interrupts sleep and up-regulates psychophysio-
logical arousal. Consistent with this view is the literature to
showing that, among people suffering from insomnia, sleep
disturbances are maintained by dysfunctional beliefs and neg-
ative expectancies (Riemann et al. 2010). We suggest that, in
parallel fashion, negative expectancies as regards pain and
poor sleep among women with PD may trigger and maintain
poor sleep (and pain) during menstruation. On this basis, we
argue that reduced pain during menstruation also resulted in
improved sleep.

Our third hypothesis was that sleep would improve with
melatonin, and this hypothesis was supported. Thus, again, we
expanded upon previous results (Auld et al. 2017) in that
melatonin was administered for the first time for sleep com-
plaints in women with PD.

Our fourth hypothesis was that administration of melatonin
would also reduce pain, and this too was confirmed. The pres-
ent results are thus in accord with previous research (Posa
et al. 2017), but again, the current research adds to this in
demonstrating the pain-relieving effect of melatonin for wom-
en with PD.

The pattern of results indicated that both melatonin and
meloxicam improved subjective and objective sleep and re-
duced pain; these treatments also resulted in a reduced intake
of OTC pain relievers. Can melatonin and meloxicam
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therefore be regarded as interchangeable? A closer inspection
of the data reveals a more fine-grained pattern. As regards
pain, melatonin did significantly and continuously reduce
pain, while this was not the case for meloxicam. By the third
time-point, pain was significantly lower in the melatonin than
in the meloxicam condition. Likewise, compared to the
meloxicam condition, in the melatonin condition, pain inten-
sity was lower. It therefore appears that of these two options,
melatonin is clearly the better.

A similar observation holds true for subjective sleep onset
latency—compared to the baseline condition, the decrease in
SOL was more pronounced in the melatonin than the
meloxicam condition—and for subjective sleep efficiency—
compared to the baseline condition, the increase in sleep effi-
ciency (SE) was more pronounced in the melatonin than the
meloxicam condition. This pattern of results was further con-
firmed by actigraph-based objective SOL and SE values:
There were large effect sizes for the melatonin—but not the
meloxicam condition.

Changes in the use of additional OTC pain relievers
showed that their intake had increased by the third time-
point in the meloxicam, but not in the melatonin condition.
It is unclear why additional intake of pain reliever increased in
the former condition. We believe that there are three possible
reasons for this. First, it is conceivable that meloxicam was
associated with poorer subjective and objective sleep, and that
poor sleep increased pain perception (Brand et al. 2010;
Lautenbacher 2017; Lautenbacher et al. 2006; Roehrs and
Roth 2005, 2017). Consistent with this is the finding by
Roehrs et al. (2006) that experimentally curtailed sleep dura-
tion and REM sleep had a hyperalgesic effect among young
healthy pain-free and normal sleepers. Thus, a similar process
might have occurred in the meloxicam but not the melatonin
condition. A second reason might be that melatonin had a
more pronounced impact, as melatonin is known positively
to impact both sleep and pain (Posa et al. 2017). Third, it is
possible that unassessed and latent psychophysiological fac-
tors might have biased the present pattern of results.

The data available from this study were unable to shed
light on the neurophysiological mechanisms underlying the
associations between sleep and pain among women with
PD when they were treated with either melatonin or
meloxicam. In the absence of more direct evidence,
therefore, we offer the following speculations. Price
(2000) proposed a dual process of pain signaling and
cognitive-emotional pain elaboration: In addition to the
sensory-discriminative afferent pathway that transmits pain
signals from the periphery to the central nervous system
(“Where does it hurt?”), an affective-motivational afferent
pathway (“How much does it hurt?”) involves brain re-
gions responsible for emotional-cognitive processes.
Coghill et al. (2003) noted that pain signals appear to be
elaborated via the affective-motivational afferent pathway

in the anterior circular cortex (ACC), the insula cortex,
prefrontal cortex (PFC), and the amygdala, thus
underlining that pain and pain elaboration are not linear
“if-then” mechanisms, but are instead highly cognitive-
emotional processes. Thus, the possible directions of influ-
ence are as follows. We assume that at baseline, poor ob-
jective and subjective sleep and high self-rated pain were
reciprocally related. Under melatonin and meloxicam, pain
decreased and both sleep quality and sleep continuity
improved.

Several limitations warrant against overgeneralization
of these findings. First, we employed actigraphs to esti-
mate dimensions of sleep continuity, while sleep-EEG re-
cordings could have provided more insight into the asso-
ciation between pain and dimensions of sleep architecture
(REM sleep and non-REM sleep; duration and percentage
relative to the total sleep time). Specifically, it would have
been interesting to know if REM sleep changed both un-
der melatonin and meloxicam and as a function of re-
duced pain perception, as it is believed that REM sleep,
pain perception, and pain consolidation may be function-
ally related (Roehrs et al. 2006; Roehrs and Roth 2005).
Second, it is conceivable that additional latent and
unassessed psychophysiological dimensions might have
biased two or more variables in the same or opposite
direction. This holds particularly true given that we relied
upon self-assessments, while experts’ ratings might have
allowed assessment of symptoms of depression and anxi-
ety. Third, a placebo condition would have allowed esti-
mation of both the physiological and psychological im-
pact of melatonin and meloxicam on patients’ sleep and
pain.

Conclusions

While the underlying neurophysiological mechanisms remain
unclear, both melatonin and meloxicam administered during
menstruation improved both subjective and objective sleep
and reduced pain among ovulating women suffering from
primary dysmenorrhea.
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