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Exploring the mystical relationship between (]
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Abstract

Objective The Moon has a noticeable influence on the Earth due to its gravity, the most visible manifestation of
which are tides. We aimed to see if the Moon’s daily cycle, like the Sun’s, affects the prevalence and incidence of
childbirth.

Methods In this retrospective cohort study, we examined all deliveries at the Academic Hospital of Udine between
2001 and 2019. All consecutive singleton pregnancies with spontaneous labor and vaginal delivery were included.

Results During the period, 13,349 singleton pregnancies with spontaneous labor and vaginal delivery were
delivered in 6939 days. A significantly higher prevalence of deliveries was found with the Moon above the horizon
(50.63% vs. 49.37%, p <0.05). Moreover, during the day, there was a significantly higher prevalence of deliveries than
during nighttime (53.74% vs. 45.79%, p < 0.05). Combining the Moon and Sun altitude, the majority of deliveries
were registered when both were above the horizon (27.39% vs. 26.13%, 23.25%, or 23.24%, p < 0.05). These findings
were confirmed in multivariate analysis after adjusting for parity, gestational age, or season. We found no correlation
between birth and the Moon phase.

Conclusions Our data support the interaction of the Moon and the Sun in determining the time of birth. More
research is needed to understand these phenomena and improve our understanding of labor initiation mechanisms.
Highlights- What this paper adds

- Asignificantly higher prevalence of deliveries was found with the Moon above the horizon;

- Combining the Moon and Sun, the majority of deliveries were registered when both were above the

horizon;

« During the summer, we found an increase in the delivery rate.
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Introduction

The association between moonlight and birth rate has
fascinated people for centuries, with many believing that
this celestial phenomenon has a mystical influence on
reproduction. Indeed, while a clear association between
photoperiod (Sun illumination) and reproduction, includ-
ing birth rate, has been demonstrated [1-4], the effect of
moonlight on birth rate has never been clearly defined [5—
12]. In its 24-hour cycle, the Moon influences Earth’s phe-
nomena through its gravitational forces. Along with the
Sun’s heating, the Moon’s gravitational forces determine
the 24-hour rhythms of ocean tides and the barometric
pressure of the atmosphere. Some evidence indicates that
a drop in barometric pressure of the atmosphere is associ-
ated with the rupture of the amniotic membrane and labor
onset, hence influencing birth incidence [13-16].

This study explores the potential impact of solar radia-
tion and 24-hour lunar cycles on human births. Based
on the above evidence, our hypothesis suggests that the
gravitational forces and solar radiation from the Moon
and the Sun, which influence ocean tides and atmo-
spheric pressure, may affect human birth rates. Addi-
tionally, the Sun and Moon interaction could regulate
hormonal rhythms, such as melatonin secretion, which is
known to affect reproductive physiology [2—4, 14].

Total pregnancies
during the
period 31,082
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This study aimed to investigate whether solar radiation
and 24-hour lunar cycles can influence the prevalence
and incidence rate of human births.

Methods

Design, setting, and sample

This retrospective study examined all deliveries at the Aca-
demic Hospital of Udine between 2001 and 2019. In the
analysis, we included all consecutive singleton pregnancies
with spontaneous labor from 23 weeks of gestation and
vaginal delivery (Fig. 1). We used the induction of labor,
the augmentation of labor, cesarean delivery, non-cephalic
fetus presentation, and the absence of data as exclusion
criteria. The Internal Review Board (IRB) approved this
retrospective analysis of anonymized data (25/2018),
which followed the policies of the Helsinki Declaration.

Data collection and measurement

The following data were anonymously extracted from
routinary collected data: date and time of delivery, ges-
tational age, parity, neonatal sex, the number of fetuses,
onset of labor, and mode of delivery. The onset of labor
refers to how labor started, distinguishing between spon-
taneous labor, labor induced by medical intervention, and
pre-labor cesarean delivery. The mode of delivery refers

Reason for exclusion:

A 4

Singleton
pregnancies 30,116

966 multiple
pregnancies.

A 4

Reason for exclusion:
6783 labor induction or

A 4

Final cohort 13,349

Fig. 1 Population selection flowchart

Y

augmentation;

1253 missing data;
8731 cesarean
delivery with or without
labor (includes breech
presentation).
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to how the birth was completed, which can be spontane-
ous vaginal, instrumental vaginal, or cesarean delivery.
The date and time of delivery were recorded in local time
and transformed into universal time coordinated (UTC)
to align with the ephemerides. We calculated accord-
ing to local latitude and longitude Sun and Moon alti-
tude in reference to the horizon using the suncalc library
in R [17]. Using the same library, we extracted daylight
(sunrise, day, sunset, night) and Moon phase (waxing
crescent, waxing gibbous, waning gibbous, waning cres-
cent) [17]. In our research, sunrise is defined as the ini-
tial emergence of the Sun’s upper edge above the horizon,
followed by the complete visibility of its lower edge. Sun-
set commences when the Sun’s lower edge makes contact
with the horizon and concludes when it vanishes. The
day’s duration spans from the moment the Sun becomes
fully visible at sunrise until its initial descent at sunset,
while the nighttime period extends from the conclu-
sion of sunset until sunrise. The different phases of the
Moon were defined as follows: waxing crescent from the
new Moon to the first quarter, waxing gibbous from the
first quarter to the full Moon, waning gibbous from the
full Moon to the last quarter, and waning crescent from
the last quarter to the new Moon. Within our study, we
establish the term above the horizon as a binary variable
that takes the value of 1 when the Sun or Moon’s altitude
exceeds O degrees in relation to the horizon. Seasons
were attributed according to the northern hemisphere.

Data analysis

R (version 4.2.2) was used to analyze the data, with a
two-tailed p-value of 0.05 considered significant [18]. All
the eligible cases in the considered period were investi-
gated. The statistical analysis was carried out by apply-
ing the Kolmogorov-Smirnoff test to determine whether
the distribution of continuous variables was parametric.
Bivariate analysis for continuous variables was performed
using the Wilcoxon test (non-parametric variables) or
the t-test (parametric variables). The differences were
tested using the Chi-square test or Fisher’s exact test as
appropriate for categorical variables. Bivariate and mul-
tivariate Poisson regressions were also run to calculate
the incidence rate ratio (IRR) and relative 95% confidence
intervals (CI.95). Variables were selected according to
previous literature and accommodated in multivariate
Poisson regressions analysis when the significance level
was below 0.05 (parity, gestational age, and season were
accommodated in the final multivariate models alongside
with Moon and Sun positions, Moon phases and Moon
distance). A sensitivity analysis was also performed by
randomly imputing the missing values. To prepare Fig. 2,
we calculated the empirical distribution of the four cat-
egories of the Moon and Sun position (both above the
horizon, only the Sun above, only the Moon above, and
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both below the horizon) during the study period, which
was divided into 15-minute intervals. We calculated the
Moon and Sun’s relative positions to the horizon for each
interval, assessing these positions at 666,145 time points.
This analysis revealed an equal 25% distribution across
each category, implying an evenly distributed expected
birth distribution. Figure 2 depicts the difference, with
95% confidence intervals, between the actual prevalence
and expected birth rate distributions previously esti-
mated to be 25% across each category. At the same time,
points were calculated for the distance in kilometers
between the Earth and the Moon, and the median value
of this expected distribution was used to categorize the
actual Moon-Earth distance into two categories (first-
second quartile of expected distribution vs. third-fourth
quartile). Missing data were excluded from this study due
to the inclusion criteria but also a sensitivity analysis with
random imputation was performed.

Results

During the considered period, 31,082 pregnancies were
delivered in 6939 days. Figure 1 shows the population
flowchart and the final analyzed cohort of 13,349 sin-
gleton pregnancies with spontaneous labor and vaginal
delivery. Table 1 shows pregnancy characteristics. The
median maternal age was 32 years, the median gesta-
tional age at delivery was 39 weeks, and 48% of women
were nulliparous (Table 1).

There was a slight but significantly higher prevalence of
deliveries when the Moon was above than below the hori-
zon (50.63% vs. 49.37%, p<0.05), and similar data were
observed when the Sun was above the horizon (53.74%
at daytime vs. 45.79% at nighttime, p<0.05). The highest
prevalence of deliveries (p<0.05) was observed when both
the Sun and the Moon were above the horizon (27.3%) vs.
only the Sun above the horizon (26.13%), only the Moon
above the horizon (23.25%), or both below the horizon
(23.24%). The difference between the expected and the
actual delivery rate (p<0.05) is reported in Fig. 2 to illus-
trate the aforementioned differences better. The expected
prevalence for each category was empirically estimated
to be 25%, and the plot depicts the difference between
the expected and actual prevalence. When both the Sun
and the Moon were above the horizon, we discovered a
significant positive difference with a prevalence greater
than the expected empirical distribution. Meanwhile, only
the Moon above the horizon or both below the horizon
exhibit a negative difference, indicating that the preva-
lence is lower than the expected empirical distribution.
In a sensitivity analysis, we randomly imputed the miss-
ing values, and we consistently found the aforementioned
significant differences (Supplemental Fig. 1). Moreover, a
subgroup analysis showed similar significant differences in
the group with spontaneous vaginal birth and in the group
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Fig. 2 Prevalence of births according to Moon and Sun above the horizon: distance from the expected prevalence and 95% confidence intervals (p < 0.05
- this p-value refers to the chi-square test of the difference between the births prevalence rates within the plotted groups). The expected prevalence was
empirically estimated to be 25% in each category, and the plot shows the difference between the expected and actual prevalence. The cyan bars show a
positive difference with a higher prevalence than the expected empirical distribution. Meanwhile, the yellow bars show a negative difference where the

prevalence is lower than the expected empirical distribution

with operative vaginal birth (Supplemental Fig. 2A and 2B).
These variations were not influenced by parity. We found
no evidence that moonlight has any role in the birth preva-
lence rate (Table 1), while there was an effect of the season
with the lowest prevalence of deliveries in autumn and the
highest in summer (p<0.05).

The same differences were found when assessing the
incidence. The highest number of deliveries happened
when the Moon and the Sun were above the horizon. In
univariate and multivariate Poisson regression, the IRR
showed a significantly lower incidence in all other cat-
egories based on the Moon and Sun position relative to
the horizon (Table 2). These differences were indepen-
dent of parity, season, and gestational age. A sensitivity
analysis was also performed after randomly imputing the
missing values, and we consistently found the forenamed
significant differences (Supplemental Table 1).

Discussion

Principal findings

Our data show that the birth rate increased significantly
when the Sun or Moon was above the horizon. The
24-hour delivery incidence was highest when both the
Moon and the Sun were above the horizon. Moreover, we

found no relationship between birth rate and the Moon’s
illumination or distance.

Results in the context of what is known

The influence of the lunar cycle on births has been widely
studied with contrasting results [5-12]. The correla-
tion sought between birth incidence and synodic month
(lunar phase, which corresponds to moon illumination
percentage) or sidereal month (lunar distance) found
by some [9, 11, 12] was not confirmed by others [12].
We also found no correlation between the synodic or
sidereal month and birth. None of those previous stud-
ies assessed the Moon’s shorter cycle, determined by the
daily-repeated Moon’s rise and set due to Earth’s rotation
on its axis, independent of people’s capability to see the
Moon when masked by sunshine. While it is unclear how
moonlight can act, it is clear that the Moon above the
horizon creates a gravity attraction capable of influencing
sea movements. Ocean tides are caused primarily by the
Moon’s gravitational pull [19] with an oscillation related
to the lunar day (time between successive lunar transits)
of about 24 h 51 min. The Moon’s gravitational pull con-
tributes to the Sun’s heating to create a 24-hour cycle of
atmospheric tides with the highest barometric pressure
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Table 1 Pregnancy characteristics and environmental factors. The table shows the population characteristics. The table presents either
the median and interquartile range (IQR) or percentage and absolute values

Variables Values

Maternal characteristics

Mother’s age (years) 32 (28-35)
Nulliparity 48% (6408/13,349)

Newborn characteristics
Fetal male sex
Gestational age (weeks)
Fetal weight (grams)
Environmental factors
Season ()
Winter
Spring
Summer
Autumn
Moon phase (1)
Waxing Crescent
Waxing Gibbous
Waning Gibbous
Waning Crescent
Moon distance (Km) ($)
First-second quartile of expected distribution
Third-fourth quartile of expected distribution
Moon altitude above the horizon (§)
Moon below the horizon
Moon above the horizon
Sunlight (1)
Sunrise
Day
Sunset
Night
Sun and Moon altitude above the horizon (#)
Both above the horizon
Only sun above the horizon
Only moon above the horizon
Both below the horizon

50.16% (6696/13,349)
39 (38-40)
3342 (3058-3625)

25.20%
25.04%
25.75%
24.01%

3364/13,349)
3343/13,349)
3437/13,349)
3205/13,349)

24.74% (3303/13,349)
25.09% (3349/13,349)
24.76% (3305/13,349)
2541% (3392/13,349)

50.02% (6677/13,349)
49.98% (6672/13,349)

49.37% (6590/13,349)
50.63% (6759/13,349)

0.24% (32/13,349)
53.74% (7174/13,349)
0.22% (30/13,349)
45.79% (6113/13,349)

27.39% (3656/13,349)

.13% (3488/13,349)
23.25%(3103/13,349)
23.24% (3102/13,349)

(*) Summer vs. autumn p<0.05; (t) not significant; (¥) not significant; (§) p<0.05; (1) Day vs. others p<0.05; (#) “both above the horizon” was significantly different

from each other category (p<0.05)

during the day and with the Moon and Sun above the
horizon and lowest barometric pressure at night and the
Moon below the horizon [20-23].

Previous research found that barometric pressure
drop is associated with labor onset and amniotic mem-
brane rupture [14—16]. This finding was not confirmed
in another study [10]. Yet none of these studies evaluated
the daily rhythm of barometric pressure due to atmo-
spheric tides. Our analysis shows that most births occur
during the day. An influence of photoperiod and melato-
nin on labor initiation at night and birth at day has been
suggested [2—4], but as our data indicate, modifications
of this environmental phenomenon due to the Moon
cycle may also be implicated [14].

Seasonal modification of the birth rate herein reported
reflects previously described seasonality of human repro-
duction [3, 24-27].

Clinical implications

The evidence of the effect of the Moon on birth indicates
an impact on human biological functions that has never
been reported before and may have implications in other
medical fields.

Research implications

The possible effect of the Moon on birth should be fur-
ther explored in other conditions, possibly affecting the
barometric pressure of the atmosphere. In addition, the
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Table 2 Poisson regression analysis of the daily incidence rates. The table shows the incidence rate ratio (IRR) and the relative 95%

confidence interval (C1.95). (*) multivariate model

IRR (C1.95) p IRR (C1.95)(*) p(*)

Sun and Moon altitude above the horizon

Both above the horizon Reference - Reference -

Only Sun above the horizon 0.954 (0.911-0.999) <0.05 0.954 (0.911-0.999) <0.05

Only Moon above the horizon 0.849 (0.809-0.890) <0.05 0.849 (0.809-0.890) <0.05

Both below the horizon 0.848 (0.809-0.890) <0.05 0.848 (0.809-0.890) <0.05
Gestational age

Pre-term (< 37 weeks) Reference -—- Reference -—-

Term (=37 weeks) 15.122 (14.095-16.224) <0.05 15.122 (14.095-16.224) <0.05
Nulliparity 0.923 (0.892-0.955) <0.05 0.923 (0.892-0.955) <0.05
Season

Summer Reference Reference

Autumn 0.932 (0.889-0.978) <0.05 0.932 (0.889-0.978) <0.05

Winter 0.979 (0.933-1.026) 0.376 0.979 (0.933-1.026) 0376

Spring 0.973(0.927-1.02) 0.254 0.973(0.927-1.02) 0.254
Moon phase

Waxing Crescent Reference Reference

Waxing Gibbous 1.014 (0.966-1.064) 0.573 1.014 (0.966-1.064) 0.573

Waning Gibbous 0.997 (0.950-1.046) 0.893 1.001 (0.953-1.050) 0.980

Waning Crescent 1.031 (0.983-1.082) 0212 1.027 (0.979-1.077) 0277
Moon distance (Km)

First-second quartile of expected distribution Reference Reference

Third-fourth quartile of expected distribution 0.999 (0.966-1.034) 0.965 0.999 (0.966-1.034) 0.965

biological mechanisms influenced by the Moon need to
be understood to have a better knowledge about birth.

Strengths and limitations

The main limitation of the present study is its retrospec-
tive nature. In fact, the data only presented information
on the delivery timing and not on the onset of labor, its
duration, the timing of the rupture of the amniotic mem-
branes, and the uterine contractile activity. Although all
of this information could be useful in better understand-
ing the mechanisms that connect humans to the environ-
ment in which they live, it is important to note that while
analyzing the onset of labor is highly desirable, it presents
extraordinary challenges. Additionally, the study’s limita-
tions include the need for more detailed information on
atmospheric conditions throughout the day, particularly
variations in barometric pressure. This information is
also useful for validating the discussed working hypoth-
eses. Another limitation is the human intervention before
and during labor, which can impair the correlations
between labor and the associated factors, particularly
given the ongoing rise in cesarean deliveries and labor
inductions [28, 29]. Although some strategies to reduce
medical interventions in labor have recently been imple-
mented, the number of medical interventions is still high
[30]. In our study, we included only vaginal deliveries
from spontaneous labor to minimize the effect of medical
interventions. According to previous literature, other fac-
tors, such as season and parity, could influence the birth

rate. We performed a multivariate analysis with the avail-
able data to avoid these possible confounding. Another
potential study limitation is the amount of missing data.
However, there was a low rate of missing information,
and analyses with missing data imputation yielded the
same results. Meanwhile, the main strength of the pres-
ent study is the analysis of the daily change in the Sun
and Moon altitude as factors correlated to the birth rate.
In fact, previous studies did not assess the influence of
the Moon’s daily cycle but focused only on synodic and
sidereal months.

Conclusions
Our data support the presence of a small but significant
effect of the Sun and Moon’s interaction with birth rate.
Further studies are required to understand these phe-
nomena and improve our knowledge of labor initiation
mechanisms.
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IRR incidence rate ratio

e universal time coordinated
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