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• Whether human sleep is influenced by
the lunar cycle is a matter of contro-
versy.

• We investigated this association in over
800 community-dwelling subjects.

• Sleepwas assessed bypolysomnography.
• Sleep duration was reduced on nights
during the waxing phase of the lunar
cycle.

• Sleep varied to a greater extent across the
lunar cycle in men.
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Using one-night sleep recordings from 852 subjects all living in Uppsala, Sweden, the present study represents
one of the largest polysomnography investigations into the association of the 29.53-day long lunar cycle with
sleep among men and women and across a wide age range (22–81 years). Following the day after the new
moon until the day of the full moon (also named the waxing period), the moon's illumination increases, and
the timing of the meridian of the moon is gradually shifted from noontime toward midnight. In contrast, from
the day after the full moon until the day of the newmoon (also named the waning period), the moon's illumina-
tion decreases, and the timing of the meridian of the moon is gradually shifted from early night hours toward
noontime. Thus,we focused on the contrast between thewaxing andwaning periods. Sleep durationwas shorter
on nights during the waxing period as compared to waning period (P < 0.001). In addition, a significant interac-
tion effect of participants' sex with the lunar period on sleep was noted (P < 0.05). Men, but not women,
exhibited lower sleep efficiency (P < 0.001 and P = 0.748, respectively) and were longer awake after sleep
onset (P = 0.010 and P = 0.890, respectively) on nights during the waxing period. All associations were robust
to adjustment for confounders (including regular sleep disturbances). Our findings suggest that the effects of the
lunar cycle on human sleep are more pronounced among men. Based on the cross-sectional design of the study,
no firm conclusions can be drawn on the causality of the relations.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Several studies have investigated whether human sleep varies
across the 29.53-day long lunar cycle. For example, using wrist
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accelerometry in two cohorts from Argentina and one cohort from the
United States (total number of subjects = 562), researchers reported
later sleep onset time and shorter sleep duration within a person at 3
to 5 days before the night of the full moon (Casiraghi et al., 2021). Of
note, the associations between the lunar cycle and sleep were observed
among participants living in environments that range from a rural set-
ting with and without access to electricity in indigenous Toba/Qom
communities in Argentina to a highly urbanized postindustrial setting
in the United States (Casiraghi et al., 2021). In line with this recent ob-
servation, a study froma suburban area of Switzerland involving 31 sub-
jects found that self-reported short sleep duration was more prevalent
around full moon nights (Röösli et al., 2006). Another study from
Tunisia involving 20 male subjects found that levels of perceived sleep
quality were lower on days of the full moon than on days of the new
moon (Dergaa et al., 2019). Two small laboratory studies using
polysomnography (one from Switzerland and one from southern
Sweden) further reported reduced total sleep time and increased
sleep onset latency around the full moon (Cajochen et al., 2013; Smith
et al., 2014). In one of these polysomnography sleep studies, the effects
of the lunar phase on total sleep time and sleep onset latencyweremore
pronounced among men (Smith et al., 2014). However, whether the
lunar cycle can modulate human sleep remains a matter of controversy
(Rotton and Kelly, 1985). In three large samples consisting of 470, 757,
and 870 sleep recordings, the attempt to replicate the effects of the
lunar cycle on human sleep failed (Cordi et al., 2014). Given the incon-
sistency between studies, more research is warranted to investigate
the putative impact of the lunar cycle on human sleep, and whether
the association of the lunar cycle with sleep differs between men and
women. In this context, it is also important to take into consideration
confounding effects of factors known to impact human sleep, such as
obstructive sleep apnea and insomnia (Sateia, 2014).

Both the new and full moons represent significant turning points
during the lunar cycle. Following the day after the new moon until the
day of full moon, also named thewaxing phase, themoon's illumination
increases, and the timing of the meridian of the moon, i.e., when the
moon reaches the highest position in the sky, is gradually shifted from
noontime toward midnight (https://www.astronomynotes.com/
nakedeye/s13.htm, n.d.). In contrast, from the day after the full moon
until the day of the new moon, also named the waning phase, the
moon's illumination decreases, and the timing of the meridian of the
moon is gradually shifted from early night hours toward noontime
(https://www.astronomynotes.com/nakedeye/s13.htm, n.d.). Thus,
using one-night polysomnography sleep recordings from 852 subjects,
the present study focused on the contrast between the waxing and
waning phases of the lunar cycle. We expected that sleep monitored
during the waxing phase would be characterized by increased sleep
onset latency and shorter total sleep duration compared to the waning
phase. In light of previous findings (Smith et al., 2014), we also hypoth-
esized that the association of the lunar cycle with sleep would differ be-
tween sexes. To our best knowledge, the present study represents one
of the largest community-dwelling studies to date, investigating the as-
sociation of the lunar cycle with sleep (assessed by polysomnography)
among men and women and across a wide age range.

2. Methods

2.1. Study population

All subjects included in the present study lived at the time of the
investigation in Uppsala, Sweden (59.8586° N, 17.6389° E). Between
November 2001 and February 2004, one-night at-home sleep
polysomnography was performed in 401 women. The sleep recordings
were part of a larger study (for more details, see ref. Theorell-Haglöw
et al., 2008). Among the initially included 401 women, 338 (84.3%)
had sufficient data on sleep and covariates (description can be
found below) for the present analysis (mean ± SD [min, max]: age,
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49.7 ± 11.5 [22, 72] years). Between February 2013 and March 2015
(~9 years later), an additional sample of 167 women underwent one-
night at-home sleep polysomnography. From those, 154 women
(92.2%) had complete data and were therefore available for analysis
(age, 57.3 ± 11.5 [35, 81] years). Finally, between September 2016
and September 2018, 400 men underwent one-night at-home sleep
polysomnography. Following exclusions because of missing data, 360
men (90%) remained for analysis (age, 59.5 ± 11.3 [33, 81] years).
Thus, our final cohort consisted of 852 participants (42.3% men).

The participants' written informed consent was obtained, and the
study protocol was approved by the Ethics Committee at the Medical
Faculty at Uppsala University, Uppsala, Sweden (Dnr 01–238, 2011/
244 and 2016/029).

2.2. Classification of lunar phase

For each investigated study night date, we retrieved data on the
moon's fullness for Uppsala from https://www.timeanddate.com/
moon/sweden/uppsala (May 2021). We assigned days of sleep record-
ings to two lunar phases: waxing phase, i.e., between the first day
after new moon until the day of full moon (i.e., ~100% of the moon's
face is illuminated by the sun); and waning phase, i.e., the first day
after full moon until the day of new moon (i.e., moon is between earth
and sun). The lunar cycle can vary from 28 to 29.5 days in a month
due to the moon's elliptical orbit (https://www.astronomynotes.com/
nakedeye/s13.htm, n.d.). Thus, for the analysis, sleep on nights mea-
sured on days 14 and 15 of the waning or waxing phase were merged
(i.e., nights without full or new moons).

2.3. Polysomnography sleep recordings

On the evening of the sleep recording, a research nurse applied the
polysomnography electrodes, connected the sensors to the recorder,
and gave instructions before the participants returned to their homes
to sleep. The polysomnography was conducted using a solid-state,
portable sleep recorder (Embla, Flaga hf, Iceland). Overnight
polysomnography included the following recordings: continuous elec-
troencephalogram (C3-A2, C4-A1), electrocardiogram, electrooculo-
grams, electromyograms (submental, left and right anterior tibialis
muscles), airflow (oronasal thermistor and nasal flow pressure sensor),
respiratory effort from piezoelectric belts (thoracic and abdominal), fin-
ger oximetry, pharyngeal sounds from a piezo vibration sensor for snor-
ing, and body position from a body position sensor.

Analyses were scored manually by a licensed sleep technician ac-
cording to the classification criteria of the American Academy of Sleep
Medicine (Silber et al., 2017). All sleep recordings were scored by the
same sleep technician. Sleep stages 1–3 were denoted as N1, N2, and
N3, and rapid eyemovement sleep as REM. Sleep efficiencywas defined
as total sleep time divided by the sum of total sleep time andwake after
sleep onset. Sleep onset latency was assessed by the time difference
between when the polysomnography recording was started (about
30 min before participants' self-reported habitual bedtime) and sleep
onset. In the present study, we did not analyse participants' spectral
power density during sleep.

2.4. Confounders

Participants' age and sex were assessed at the time of the
polysomnography recording. We also determined the season at the
time of the sleep recording. Before the polysomnography recording,
participants also completed the Uppsala Sleep Inventory (Hetta et al.,
1999), which was used to determine the existence of chronic sleep
disturbances. On a scale ranging from 1 to 5 (the higher, the worse),
the inventory surveyed participants' difficulties initiating sleep, difficul-
ties maintaining sleep, earlymorning awakenings, feeling sleepy during
the daytime, and feeling tired during the day. If participants selected a
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Table 2
Association between sleep and the moon cycle.

Characteristic Waning
phase

Waxing
phase

Mean
difference

P AIC

Number of participants 425 427
Sleep onset latency, mina 16.6 (0.9) 17.8 (0.9) +1.2 (1.3) 0.342 7379
Total sleep time, min 395.5

(2.8)
378.2
(2.8)

−17.3
(4.0)⁎⁎⁎

0.000 9360

Sleep stage N1, min 44.4 (1.2) 44.5 (1.2) +0.08 (1.6) 0.963 7836
Sleep stage N2, min 222.5

(2.2)
213.9
(2.2)

−8.5 (3.1)⁎⁎ 0.006 8933

Sleep stage N3, min 54.1 (1.3) 48.8 (1.3) −5.3 (1.8)⁎⁎ 0.004 8047
Sleep stage REM, min 74.5 (1.3) 71.0 (1.3) −3.5 (1.8) 0.051 7995
Wake after sleep onset,
min

56.8 (2.0) 65.0 (2.0) +8.2 (2.9)⁎⁎ 0.004 8796

Sleep efficiency, %b 87.5 (0.4) 85.3 (0.4) −2.1 (0.6)⁎⁎⁎ 0.001 6204

A generalized linear model was used to compare sleep between the waning and waxing
lunar phases. Themodel was adjusted for age, sex, sleep problems, season during sleep re-
cording, and severity of obstructive sleep apnea. The table shows estimated marginal
means and standard errors for the two main lunar phases.
Abbreviations: AIC, Akaike's Information Criterion; REM, rapid-eye movement.
⁎⁎ P < 0.01 for the difference between the waning and waxing phase.
⁎⁎⁎ P ≤ 0.001 for the difference between the waning and waxing phase.

a Time difference between onset of recording time (started ~30 min before habitual
bedtime) and sleep onset.

b [Total sleep time (min) divided by [total sleep time + WASO] (min) ∗ 100].

C. Benedict, K.A. Franklin, S. Bukhari et al. Science of the Total Environment 804 (2022) 150222
score of 4 or higher on at least oneof the symptoms,we assumed the ex-
istence of a chronic sleep disturbance.

Following the American Academy of Sleep Medicine guidelines
(Silber et al., 2017), obstructive apneas were defined as the cessation
of the oronasal airflow for at least 10 s with continuing abdominal and
thoracic movements, whereas an obstructive hypopnea was defined as
a 50% reduction in respiratory volume for at least 10 s, accompanied
by abdominal and thoracic movements in combination with
desaturation of ≥3% or arousal. The apnea-hypopnea index was defined
as the mean number of apneas and hypopneas per hour of sleep.

2.5. Statistical analysis

A generalized linear model (SPSS 24.0, Inc., Chicago, IL) was used to
investigate the association between sleep and the lunar cycle. All results
derived from the generalized linear model analysis were controlled for
participants' age (continuous), sex (two levels), season at the time of
the sleep recording (four levels), apnea-hypopnea index class (four
levels), and self-reported sleep disturbances (two levels). Overall, a P-
value smaller than 0.05 was considered significant.

Comparisons of baseline characteristics, either performed by Chi-
square testing for categorical variables (i.e., sex, chronic sleep distur-
bances, and apnea-hypopnea index) or Mann-Whitney U test for con-
tinuous variables (i.e., age), did not reveal significant differences
between the final cohort (N = 852) and those excluded because of
missing data (N = 116; P ≥ 0.111 for all comparisons).

3. Results

Characteristics of the final cohort are presented in Table 1. Partici-
pants whose sleep was recorded during nights of the waxing phase
slept shorter, spent less time in sleep stages N2 and N3, were longer
awake after sleep onset, and had a lower sleep efficiency, compared to
participants whose sleep was recorded during the waning phase
(P ≤ 0.004 for all comparisons, Table 2; see Fig. 1 for day-to-day
Table 1
Cohort characteristics.

Characteristic Waning phase Waxing phase

Number of subjects, n (%) 425 (49.9) 427 (50.1)
Females, n (%) 248 (58.4) 244 (57.1)
Age (years), mean (SD) 55.4 (12.3) 55.0 (12.2)
Chronic sleep disturbancesa, n (%) 180 (42.4) 180 (42.2)
Apnea-hypopnea index, n (%)
No obstructive sleep apnea (<5) 169 (39.8) 195 (45.7)
Mild obstructive sleep apnea (≥5 to <15) 133 (31.3) 114 (26.7)
Moderate obstructive sleep apnea (≥15 to <30) 82 (19.3) 77 (18.0)
Severe obstructive sleep apnea (≥30) 41 (9.6) 41 (9.6)

Number of sleep recordingsb

Day 1, n (%) 27 (6.4) 22 (5.2)
Day 2, n (%) 26 (6.1) 27 (6.3)
Day 3, n (%) 30 (7.1) 29 (6.8)
Day 4, n (%) 25 (5.9) 25 (5.9)
Day 5, n (%) 33 (7.8) 36 (8.4)
Day 6, n (%) 27 (6.4) 31 (7.3)
Day 7, n (%) 30 (7.1) 27 (6.3)
Day 8, n (%) 36 (8.5) 28 (6.6)
Day 9, n (%) 26 (6.1) 28 (6.6)
Day 10, n (%) 29 (6.8) 36 (8.4)
Day 11, n (%) 35 (8.2) 26 (6.1)
Day 12, n (%) 28 (6.6) 24 (5.6)
Day 13, n (%) 28 (6.6) 25 (5.9)
Day 14/15, n (%) 16 (3.8) 30 (7.0)
Day 15/16 - New moon, n (%) 29 (6.8) –
Day 15/16 - Full moon, n (%) – 33 (7.7)

Abbreviations: SD, standard deviation.
a Sleep issues, at least one of the following: difficulty initiating sleep, sleepmaintenance

problems, and early morning awakenings.
b Day 1–Day 14/15 refers to days after the full moon in the waning phase column and

days after the new moon in the waxing phase column, respectively.
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variations in total sleep duration, wake after sleep onset, and sleep effi-
ciency across the lunar cycle). In contrast, neither the time spent in the
sleep stages N1 and rapid-eye movement sleep nor sleep onset latency
differed between the waxing and waning phases (Table 2). Finally, we
found significant interactions of the lunar phase with sex for sleep effi-
ciency, wake after sleep onset, and time in sleep stage N1 (P = 0.017,
P = 0.011, and P = 0.037, respectively). Men whose sleep was moni-
tored during thewaxing phase had lower sleep efficiency andwere lon-
ger awake than those whose sleep was measured during the waning
phase. No such differences in sleep efficiency and wake after sleep
onset were found between the lunar phases among women. A sex-
specific analysis using time in sleep stage N1 revealed no significant dif-
ferences between thewaxing andwaning phases (for a summary of the
sex-specific results, see Table 3 and Fig. 2). Finally, no interaction be-
tween age and lunar phase was found for any of the sleep parameters
(P ≥ 0.126 for all interactions).

4. Discussion

Our results were based on one-night sleep recordings from 852 sub-
jects all living in Uppsala, Sweden. They suggest that human sleep can
vary considerably across the 29.53-long lunar cycle, with on average
shorter and less efficient sleep on nights during the waxing phase.
They also indicate that the associations of the lunar cycle with sleep
are more pronounced among men. Our findings were robust to adjust-
ment for factors known to influence sleep quality, sleep continuity,
sleep duration, and the ability to fall asleep, such as difficulty initiating
and maintaining sleep and obstructive sleep apnea. These sleep-
modulatory factors are often not taken into consideration when study-
ing the association between the lunar cycle and sleep. The lattermay ex-
plain why we, contrary to previous reports (Casiraghi et al., 2021;
Cajochen et al., 2013; Smith et al., 2014), did not find an association of
the lunar cycle with sleep onset latency.

The observed differences in sleep between the waxing and waning
phases may be driven by the moon's illumination.With each additional
day during the waxing phase, the moon reflects more sunlight to the
earth, reaching a maximum illumination at the day of the full moon.
Additionally, the timing of the moon's meridian is shifted to later
hours of the day, often ending with fairly illuminated evening and
early night hours on the days before and on the day of the full moon
(https://www.astronomynotes.com/nakedeye/s13.htm, n.d.). In con-
trast, during the waning phase, the moon's illumination decreases,
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Fig. 1.Day-to-day variability of total sleep time, time awake after sleep onset, and sleep efficiency across the lunar cycle.White lines display day-specific average z scores. The radius of the
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cycle average (z = 0). The white midpoint of the bigger black circle corresponds to one standard deviation smaller than the lunar cycle average (z = −1).
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and the timing of itsmeridian is shifted from early nighttime to daytime
hours, endingwith themoon'smeridian around noontime on the day of
the new moon (https://www.astronomynotes.com/nakedeye/s13.htm,
n.d.). Light at night disturb sleep in humans (Esaki et al., 2019;
Obayashi et al., 2014), possibly due to its inhibitory effect on melatonin
secretion (Chang et al., 2015). One study reported that blood concentra-
tions of melatonin were lower during the full moon compared with the
new moon among 20 male subjects (Dergaa et al., 2021). Noteworthy,
there is some indication for sex-dependent effects of light in humans.
Table 3
Association between sleep and the moon cycle, stratified by participants' sex.

Characteristic Waning
phase

Waxing
phase

Mean
difference

P AIC

Women
Number of participants 248 244
Sleep onset latency, mina 12.1 (0.9) 12.1 (0.9) +0.02 (1.3) 0.987 2831
Total sleep time, min 388.0

(4.0)
376.2
(4.0)

−11.8 (5.7)⁎ 0.038 3904

Sleep stage N1, min 56.7 (1.9) 53.0 (1.8) −3.8 (2.6) 0.152 3348
Sleep stage N2, min 201.1

(3.2)
196.1
(3.1)

−5.0 (4.5) 0.262 3734

Sleep stage N3, min 57.7 (1.9) 55.4 (1.8) −2.2 (2.6) 0.393 3348
Sleep stage REM, min 72.5 (1.7) 71.7 (1.7) −0.7 (2.4) 0.759 3292
Wake after sleep onset,
min

59.6 (3.1) 59.0 (3.1) −0.6 (4.4) 0.890 3718

Sleep efficiency, %b 86.8 (0.7) 86.5 (0.7) −0.3 (0.9) 0.748 2607

Men
Number of participants 177 183
Sleep onset latency, mina 19.9 (1.4) 21.9 (1.4) +2.0 (1.9) 0.742 4432
Total sleep time, min 400.8

(3.9)
379.9
(3.9)

−20.8
(5.5)⁎⁎⁎

0.000 5451

Sleep stage N1, min 35.5 (1.4) 38.3 (1.4) +2.8 (2.0) 0.171 4478
Sleep stage N2, min 238.1

(3.0)
227.0
(3.0)

−11.1 (4.3)⁎⁎ 0.009 5202

Sleep stage N3, min 51.3 (1.7) 44.2 (1.7) −7.2 (2.4)⁎⁎ 0.003 4637
Sleep stage REM, min 75.9 (1.8) 70.5 (1.8) −5.3 (2.5)⁎ 0.034 4689
Wake after sleep onset,
min

55.0 (2.6) 69.4 (2.6) +14.4 (3.7)⁎ 0.010 5069

Sleep efficiency, %b 87.9 (0.6) 84.5 (0.6) −3.4 (0.8)⁎⁎⁎ 0.000 3587

A generalized linear model was used to compare sleep between the waning and waxing
lunar phases, stratified by participants' sex. The model was adjusted for age, sleep prob-
lems, season during sleep recording, and severity of obstructive sleep apnea. The table
shows estimated marginal means and standard errors for the two main lunar phases.
Note that significant interactions of sex with the lunar phase (i.e., waxing vs. waning
phase) were only found for sleep efficiency, WASO, and sleep stage N1 (all P < 0.005).
Abbreviations: AIC, Akaike's Information Criterion; REM, rapid-eye movement; WASO,
wake after sleep onset.
⁎ P < 0.05 for the difference between the waning and waxing phase.
⁎⁎ P < 0.01 for the difference between the waning and waxing phase.
⁎⁎⁎ P ≤ 0.001 for the difference between the waning and waxing phase.

a Time difference between onset of recording time (started ~30 min before habitual
bedtime) and sleep onset.

b [Total sleep time (min) divided by [total sleep time + WASO] (min) ∗ 100].
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For instance, primary visual cortex responses to stepped intensities of
red and blue light show twofold higher stimulus-response curves for
men, as compared to women (Cowan et al., 2000).

As suggested by a small study in men (Dergaa et al., 2021), blood
concentrations of the male hormone testosterone are lower, while
those of the stress hormone cortisol are higher during the full moon
compared with the new moon. Low testosterone and elevated cortisol
have been linked with disturbed sleep (Patel et al., 2019; Szmyd et al.,
2021), Whether such hormonal differences could represent a mecha-
nism accounting for sleep differences between the waning and waxing
periods, as observed herein, remains to be determined.

Besides light, circadian rhythms controlling sleep timing and quality
are affected by non-photic cues, including gravity. For example, studies
in astronauts during a space mission have shown that loss of gravity re-
sulted in altered circadian rhythmicity and impaired sleep (Dijk et al.,
2001). Differences in the moon's gravitational pull at bedtime between
thewaxing andwaningphasesmight, therefore, explain someof the ob-
served differences in sleep. For instance, on the days before and the day
of the full moon, themoon reaches its highest position in the sky around
bedtime (https://www.astronomynotes.com/nakedeye/s13.htm, n.d.).
On days before and on the day of the new moon, the peak is during
late morning hours and noontime (https://www.astronomynotes.
com/nakedeye/s13.htm, n.d.). It must, however, be borne in mind that
the overall gravitational pull of the moon on a single human subject is
minuscule (Bevington, 2015).

As described elsewhere (Bevington, 2015), the moon enters the
earth's magnetotail three days before it is full and takes about six days
to cross and exit on the other side. At the new moon, on the sun's side
of the earth, the moon does not cross through the magnetosphere. In-
stead, its lunar wake, formed from the solar wind, is blown downstream
toward the earth's magnetosphere. The newmoon effect from the lunar
wake on the earth's magnetosphere can be considered comparable to
magnetotail effects at full moon. However, these effects typically last
for just 4–5 h around the highest altitude of the new moon during the
day, instead of the full 12 h during the night at full moon (Bevington,
2015). Nocturnal human melatonin production can be influenced by
geomagnetic activity (Burch et al., 2008). This mechanism may explain
the observed differences in sleep between the waning and waxing
phases of the lunar cycle in the present study. Evidence suggests that
geomagnetic disturbances are more substantially associated with psy-
chological well-being in men than women (Nishimura et al., 2014).

In contrast to one previous study assessing the impact of the lunar
cycle on polysomnography-assessed sleep with comparable sample
size (Cordi et al., 2014), the present study found a significant association
between lunar phase and sleep. Among the three datasets analysed in
the previous study (Cordi et al., 2014), one closelymatched ours regard-
ing sample size and the between-subject design. Nevertheless, the re-
searchers did not find an effect of the lunar phase on sleep. We
propose several factors that may account for the differences in results
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Fig. 2. Sex-specific day-to-day variability of sleep stage N1, time awake after sleep onset, and sleep efficiency across the lunar cycle. White lines display day-specific average z scores. The
radius of the grey cycle (starting from the white midpoint) corresponds to one standard deviation greater than the lunar cycle average (z = 1). The radius of the bigger black circle
represents the lunar cycle average (z = 0). The white midpoint of the bigger black circle corresponds to one standard deviation smaller than the lunar cycle average (z = −1).

C. Benedict, K.A. Franklin, S. Bukhari et al. Science of the Total Environment 804 (2022) 150222
between the studies. The studies have been conducted at different lati-
tudes, whichmay impact lunar effects on sleep. Crucially, the two stud-
ies differ in how the synodic lunar cycle is divided; the previous study
divided the lunar cycle into three lunar classes by proximity to the
5

nearest full moon (Cordi et al., 2014). In the present study, the lunar
cycle was split into two halves (waxing/full moon and waning/new
moon), during which the meridian crossing of the moon occurs early
or late in the day, given that the meridian timing influences the timing
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of peak lunar luminance and gravitational exertion. Indeed, recent evi-
dence suggests that such a split is more appropriate for investigating
changes in sleep associated with the moon's phase (Casiraghi et al.,
2021).

4.1. Limitations

The association of the lunar cycle with sleep may vary across the fe-
malemenstrual cycle, whichwe did notmeasure in the present study. A
second limitation is that our findings are correlational; thus, causation
cannot be determined. Finally, we cannot rule out confounding effects
on sleep by factors not measured herein, especially as sleep recordings
were performed at home. For example, we did not measure sleep-
modifying factors such as noise and temperature in the bedroom, bed-
time use of light-emitting devices, and nocturnal light exposure
(e.g., due to street lights).

5. Conclusions

Our community-dwelling polysomnography study from Sweden
suggests that the lunar cyclemay affect sleep in humans,withmore pro-
nounced sleep alterations in men than women. To our best knowledge,
in contrast to all previously published studies known to us, a major
strength of the present study is that we accounted for sleep distur-
bances prevalent in the general population (e.g., insomnia and obstruc-
tive sleep apnea) when investigating the lunar cycle and sleep
association.

CRediT authorship contribution statement

EL designed the study. CB and SB performed the statistical analysis
and interpreted the data. CBwrote the initial draft. All authors reviewed
and approved the final version of the article submitted for publication.
CB had full access to all the data in the study and is the guarantor. The
corresponding author attests that all listed authors meet authorship
criteria and that no others meeting the criteria have been omitted.

Declaration of competing interest

CB has served as a scientific consultant for Repha GmBH,
Langenhagen, Germany. The authors declare there are no other compet-
ing financial interests.

Acknowledgements

CB's research is financially supported by the Novo Nordisk
Foundation [NNF19OC0056777] and the Swedish Brain Research
Foundation [FO2020-0044]. EL's research financially supported by
the Swedish Heart-Lung Foundation [20130299], the Uppsala County
Association against Heart and Lung Diseases, and the Bror Hjerpstedt
6

Foundation. The funders did not have any role in the design, analysis,
interpretation, and publication of the study. The graphical was
created with BioRender.com.

References

Bevington, M., 2015. Lunar biological effects and themagnetosphere. Pathophysiology 22,
211–222.

Burch, J.B., Reif, J.S., Yost, M.G., 2008. Geomagnetic activity and human melatonin metab-
olite excretion. Neurosci. Lett. 438, 76–79.

Cajochen, C., Altanay-Ekici, S., Münch,M., Frey, S., Knoblauch, V., et al., 2013. Evidence that
the lunar cycle influences human sleep. Curr. Biol. 23, 1485–1488.

Casiraghi, L., Spiousas, I., Dunster, G.P., McGlothlen, K., Fernández-Duque, E., et al., 2021.
Moonstruck sleep: synchronization of human sleep with the moon cycle under
field conditions. Sci. Adv. 7, eabe0465.

Chang, A.M., Aeschbach, D., Duffy, J.F., Czeisler, C.A., 2015. Evening use of light-emitting
eReaders negatively affects sleep, circadian timing, and next-morning alertness.
Proc. Natl. Acad. Sci. U. S. A. 112, 1232–1237.

Cordi, M., Ackermann, S., Bes, F.W., Hartmann, F., Konrad, B.N., et al., 2014. Lunar cycle ef-
fects on sleep and the file drawer problem. Curr. Biol. 24, R549–R550.

Cowan, R.L., Frederick, B.B., Rainey, M., Levin, J.M., Maas, L.C., et al., 2000. Sex differences
in response to red and blue light in human primary visual cortex: a bold fMRI study.
Psychiatry Res. 100, 129–138.

Dergaa, I., Fessi, M.S., Chaabane, M., Souissi, N., Hammouda, O., 2019. The effects of lunar
cycle on the diurnal variations of short-term maximal performance, mood state, and
perceived exertion. Chronobiol. Int. 36, 1249–1257.

Dergaa, I., Romdhani, M., Fessi, M.S., Ben Saad, H., Varma, A., et al., 2021. Does lunar cycle
affect biological parameters in young healthy men? Chronobiol. Int. 38, 933–940.

Dijk, D.J., Neri, D.F., Wyatt, J.K., Ronda, J.M., Riel, E., et al., 2001. Sleep, performance, circa-
dian rhythms, and light-dark cycles during two space shuttle flights. Am. J. Physiol.
Regul. Integr. Comp. Physiol. 281, R1647–R1664.

Esaki, Y., Kitajima, T., Obayashi, K., Saeki, K., Fujita, K., et al., 2019. Light exposure at night
and sleep quality in bipolar disorder: the APPLE cohort study. J. Affect. Disord. 257,
314–320.

Hetta, J., Broman, J.E., Mallon, L., 1999. Evaluation of severe insomnia in the general
population–implications for the management of insomnia: insomnia, quality of life
and healthcare consumption in Sweden. J. Psychopharmacol. 13, S35–S36.

Nishimura, T., Tada, H., Nakatani, E., Matsuda, K., Teramukai, S., et al., 2014. Stronger geo-
magnetic fields may be a risk factor of male suicides. Psychiatry Clin. Neurosci. 68,
404–409.

Obayashi, K., Saeki, K., Kurumatani, N., 2014. Association between light exposure at night
and insomnia in the general elderly population: the HEIJO-KYO cohort. Chronobiol.
Int. 31, 976–982.

Patel, P., Shiff, B., Kohn, T.P., Ramasamy, R., 2019. Impaired sleep is associated with low
testosterone in US adult males: results from the National Health and nutrition exam-
ination survey. World J. Urol. 37 (7), 1449–1453.

Röösli, M., Jüni, P., Braun-Fahrländer, C., Brinkhof, M.W., Low, N., et al., 2006. Sleepless
night, the moon is bright: longitudinal study of lunar phase and sleep. J. Sleep Res.
15, 149–153.

Rotton, J., Kelly, I.W., 1985. Much ado about the full moon: a meta-analysis of lunar-
lunacy research. Psychol. Bull. 97, 286–306.

Sateia, M.J., 2014. International classification of sleep disorders-third edition: highlights
and modifications. Chest 146, 1387–1394.

Silber, M.H., Ancoli-Israel, S., Bonnet, M.H., Chokroverty, S., Grigg-Damberger, M.M., et al.,
2017. The visual scoring of sleep in adults. J. Clin. Sleep Med. 3, 121–131.

Smith, M., Croy, I., Persson, Waye K., 2014. Human sleep and cortical reactivity are influ-
enced by lunar phase. Curr. Biol. 24, R551–R552.

Szmyd, B., Rogut, M., Bialasiewicz, P., Gabryelska, A., 2021. The impact of glucocorticoids
and statins on sleep quality. Sleep Med. Rev. 55, 101380.

Theorell-Haglöw, J., Berne, C., Janson, C., Lindberg, E., 2008. Obstructive sleep apnoea is as-
sociated with decreased insulin sensitivity in females. Eur. Respir. J. 31, 1054–1060.

https://www.astronomynotes.com/nakedeye/s13.htm (date of retrieval: 07/09/21).

http://BioRender.com
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551159455
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551159455
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551176831
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551176831
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550256340
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550256340
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549503214
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549503214
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550335711
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550335711
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550335711
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550277056
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550277056
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550023131
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550023131
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550023131
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550245619
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550245619
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550245619
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550337283
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550337283
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551128085
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551128085
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551128085
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550306315
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550306315
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550306315
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550009154
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550009154
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550009154
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551206301
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551206301
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081551206301
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550314730
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550314730
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550314730
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550351102
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550351102
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550351102
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549548642
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549548642
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549548642
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550267917
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550267917
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550285301
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550285301
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549591563
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549579288
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081549579288
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550351854
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550351854
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550295116
http://refhub.elsevier.com/S0048-9697(21)05299-2/rf202109081550295116
https://www.astronomynotes.com/nakedeye/s13.htm

	Sex-�specific association of the lunar cycle with sleep
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Classification of lunar phase
	2.3. Polysomnography sleep recordings
	2.4. Confounders
	2.5. Statistical analysis

	3. Results
	4. Discussion
	4.1. Limitations

	5. Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References




