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Abstract

Objective: Assess quantitatively the impact of nocturnal light pollution on the menstrual cycle.

Design: Cross-sectional observational study.

Setting: Single French institute from November 2017 to March 2018.

Participants: Nineteen ostensibly healthy menstruating women aged 19 to 45, inclusive

Intervention(s): None

Main outcome measures: Assessment of nocturnal light pollution (questionnaire and lux meter) and 22 clinical signs of ovulation disorder. Wilcoxon tests were used
to quantify the abilities of nocturnal light pollution factors to predict clinical signs of ovulation disorders.

Results: Nearly half of the 94 daily observations made by questionnaire and measurements made by lux meter indicated light pollution due to light flooding into the
bedroom from indoor or outdoor sources. Nearly more than half of the 56 menstrual cycles presented at least mild abnormalities. The data showed that some clinical
signs of ovulation disorders may be significantly predicted by factors of light pollution but a lack of power prevented reaching Bonferroni criterion.

Conclusions: The indications of negative impact of dim light at night on some menstrual cycle characteristics call for a randomized study to quantify improvements
of menstrual cycle characteristics brought by suppressing nocturnal light pollution. This will pave the way for new therapeutic perspectives for some difficult cases of

ovulation disorders.

Introduction

In recent decades, infertility has become a source of concern for
many couples; thus, an increasingly frequent reason for consultation.
Lifestyle changes would be the main reason for the current increase
in infertility [1]. Indeed, one of the major factors that affect women’s
fertility is delaying the age of motherhood that leads to childbearing
desire at ages with low ovarian reserve and altered oocyte quality [2].
Meanwhile, it has been recently shown that women living in polluted
areas are at higher risks of menstrual cycle abnormalities [3,4]. The
pollution factors responsible for these abnormalities remain unknown.
Actually, heavily polluted areas present several types of pollution whose
effects could not be disentangled by epidemiological studies [5]: air/
water/food pollution, environmental circadian disruption [6], but also
light pollution [7]. In fact, most polluted areas are urban or peri-urban
areas with strong night lighting.

Exposure to light [8-10], especially at night [11], or during sleep
[12], influences melatonin secretion. Light pollution during the
night and shift work schedules may reduce melatonin synthesis and
impair homeostasis. Several studies have shown that light can inhibit
melatonin secretion in a dose-dependent way according to the light
spectrum [13].
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Indirect observations have suggested a possible impact of light
pollution on fertility. The link between night work and fertility as
well as the link between night work and gynecological pathology [14]
seem to be well established now. Women who work at night are more
at risk of irregular cycles [15-17]. Shift workers who experience sleep
disturbances and exposure to light at night are at increased risk of
specific alterations of the menstrual cycle [18]. However, it is difficult
to distinguish the impact of night work from that of exposure to light at
night or during sleep.

The link between light and fertility is well known in animals [19].
It is so important that it is used on a large scale in livestock farming to
increase production; for example, egg laying in poultry. In women, the
link between light and fertility is only suspected; firm evidence is still
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lacking. Admitting that exposure to light alters melatonin secretion,
would light perceived during sleep disturb the menstrual cycle and,
ultimately, affect fertility?

A preliminary unpublished study conducted by one of the authors
(JD) in the USA has identified a number of light sources in the bedroom
seemingly related to abnormalities of the menstrual cycle; specifically,
ovulation disorders. This study showed that decreasing nocturnal
light resulted in a significant reduction in abnormal parameters in six
cycles and in the occurrence of a number of pregnancies in previously
infertile women having had these cycles [20,21]. The present study
was conducted to assess quantitatively the impact of nocturnal light
pollution (as assessed by a questionnaire and measured by a lux meter)
on the menstrual cycle.

Material and methods

This cross-sectional observational study was carried out in
France from November 2017 to March 2018. Caucasian women were
recruited from a French institute for the study of the menstrual cycle
(CYCLEFEMININ institute).

Inclusion and exclusion criteria

The inclusion criteria considered ostensibly healthy menstruating
women, aged 19 to 45 inclusive, with experience in natural family
planning methods; mainly, basal body temperature (BBT) and signs of
cervical mucus [22].

The following potential participants were excluded: women on
programs to stimulate hormonal responses for infertility reasons;
women on oral, transdermal, or other hormonal contraceptive method;
and women on hormonal replacement therapy.

The study retained finally 26 participant women. Each of them
gave her written informed consent and the study procedures were
carried out in accordance with the Ethical Standards for Human
Experimentation established by the Declaration of Helsinki.

Menstrual cycle data

The participants had to record BBT and some features of
cervical mucus on a menstrual cycle chart. The BBT was the wake-
up temperature taken before any activity and recorded on a special
individual chart together with the date, the cycle day, and any condition
likely to affect temperature (e.g., stress, illness, insomnia, sickness, etc.).
Cervical mucus was collected at the vulva and assessed two to three
times daily to record the sensation (dry, moist, wet, slippery) and the
consistency (tacky, creamy, stretchy) on the BBT chart. A stretchy or
lubricative mucus discharge was called the peak-type mucus.

Light exposure data

Exposure to light during sleep was assessed by questionnaire and
measured by lux meter.

In the questionnaire, each participant was asked to identify
accurately the sources of light pollution in her bedroom: 1) sources of
artificial light, 2) factors likely to increase bedroom light; 3) sources
of indoor artificial light reflected into the bedroom; and, 4) sources
of outdoor artificial or natural light reflected into the bedroom. This
had to be carried out over five successive nights. The average number
of light sources in each of the above four categories was kept for the
statistical analysis.

Light measurements used HI97500 portable digital lux meter
(HANNA Instruments, Tanneries, France). According to the

Trends Med, 2019 doi: 10.15761/TiM.1000193

manufacturer, this device is able to measure low light intensities, down
t0 0.01 lux. For illustration and further result interpretation, it should be
mentioned that the naked human eye is able to perceive light intensities
in the order of 0.01 lux. A lux meter was lent to each participant who
had to measure her bedroom light over five successive nights. Here, too,
the average of the five measurements was kept for the statistical analysis.

The current study presents no time measurements, no timed
exposures, and no exposures tied to the phases of the cycle because
it was considered: i) that everyday exposure to light during night was
rather uniform or regular during the low-light season (November-
March); and, ii) the menstrual cycle as a single entity; any disturbance
of follicle development has potential consequences on other phases of
the cycle.

Outcome criteria

A second questionnaire was used to describe the three previous
menstrual cycle charts. The signs for ovulation disorders have been
previously defined by author JD according to Creighton model [23]
and clinical experience. In this questionnaire, 22 questions about the
menstrual cycles focused on: 1) the menstrual flow (duration, intensity,
and color of bleeding; presence of prolonged spotting); 2) the latency
period (from first day of menstruation to the day before mucus flow
reaches the vulva); 3) the flow of cervical mucus to the vulva (different
types of mucus, associated sensation); 4) the thermal plateau; 5) the
post-peak phase (duration, presence of cervical mucus, and spotting);
6) the length of the cycle.

The study collected the frequencies of various signs for ovulation
disorder for statistical analysis purposes.

Statistical analysis

The assessment of the ability of nocturnal light pollution to predict
clinical signs of ovulation disorders used Wilcoxon tests. Each of the
four categories of light pollution sources and lux meter measurement
was used as predictor and each of the 22 clinical signs of ovulation
disorder used as predicted event. One hundred and ten, (5x22)
Wilcoxon tests were performed and boxplots used to examine the
relationships between light pollution and signs of ovulation disorder.

The prediction of clinical signs of ovulation disorder by nocturnal
light pollution was considered as statistically significant when a
Wilcoxon test p-value was below 0.05. Bonferroni method was used to
correct for multiple comparisons: as the analysis tested 110 hypotheses
with a desired a=0.05, Bonferroni correction requires testing each
individual hypothesis at the significance level of a/n=0.05/110=0.00045.

All statistical analyses were carried out with R software’, version
3.5.3.

Results

Among the 26 participants, one woman had to quit the study
because of pregnancy. In addition, the data of six participants were
excluded from the analysis because of insufficient data on the menstrual
cycles (5 cases) or on exposure to light at night. Thus, the analysis
concerned complete data on 19 participants and 56 cycles: 3 cycles in
18 women and 2 cycles in one woman. Figure 1 shows the process of
participant selection.

Description of the menstrual cycles

Table 1 shows the frequency of observed signs for ovulation
disorders in descending order.
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26 women

> 1: pregnancy

5 lack of information about menstrual cycle

= 1:lack of information about light exposure

19 women
18 women 1 woman 1 woman 18 women
5 days 4 days 2 3
light light menstrual menstrual
measurements | | measurements cycle data cycle data
available available available available

94 light measurements 56 menstrual cycles

Figure 1. Flow chart of the process of participant selection

Table 1. Frequency of menstrual cycle signs in 56 cycles

Signs Frequency = Percentage
Seven days or more of mucus discharge 27 48.2
A lot of mucus felt or seen during the luteal phase 27 48.2
Less than 3 days of peak-type mucus 22 39.3
Short luteal phase (less than 10 days) 16 28.6
Delayed BBT shift (19 days or more) 16 28.6
Menstrual flow - Brown/blackish spotting 14 25.0
Early cervical mucus at end of menstrual flow 13 232
Menstrual flow - Mostly heavy flow 13 232
Minimal mucus, no peak-type mucus 12 214
No sustained BBT shift or weak shift 11 19.6
No dry days after menses 11 19.6
Menstrual flow for 7 days or more 10 17.9
Menstrual flow - Prolonged spotting after flow ends 9 16.1
Continuous dampness or wetness over the whole cycle 8 14.3
Two days or more of spotting during mucus 5 8.9
BBT shift - Erratic postovulatory readings 5 8.9
More than two days of pre-period spotting 3 5.4
Fertile-type mucus present after temperature rise 3 5.4
Bleeding/spotting for 5-6 days during the preovulatory phase 2 3.6
Cycle length of 35 days or more 2 3.6
Continuous fertile-type mucus over the whole cycle 1 1.8
Menstrual flow - Prolonged absence of menstrual flow (2-3.5 1 18
months)

Basal body temperature shift - Temperature readings become 1 18

Description of nocturnal light pollution

Table 2 lists the main sources of indoor and outdoor artificial or
natural light pollution of the bedroom. Among the main light sources,
the presence of a digital alarm clock was cited in 40% of studied nights
and the presence of street light flooding into the bedroom was found in
31% of studied nights.

At least one artificial light source was present in the bedroom in
57 out of 94 nights (60.6%). At least one factor influencing light was
reported in 49 nights (52.1%). At least one indoor artificial light source
reflecting into the bedroom was reported in 35 nights (37.2%). At least
one outdoor light source reflecting into the bedroom was reported in
67 nights (71.2%).

Sixty-six out of 94 light intensity measurements with lux meter
(70.2%) had non-zero values. These values were 0.01 Ix, 0.02 Ix, 0.03 Ix,
and >0.03 Ix in, respectively, 18, 13, 14, and 21 measurements.

Prediction of clinical signs of ovulation disorders by light
pollution

Table 3 provides the exact p-values of Wilcoxon tests. Each p-value
quantifies the level of evidence of each relationship between light

Table 2. Sources of light pollution in the bedroom observed by 19 women over 94 nights

Sources of light pollution ‘ Frequency ‘ Percentage

Sources of artificial light in the bedroom

Digital alarm clock 38 40
Bright light switch 15 16
Bright alarm clock 15 16
Standby lights (TV, Wi-Fi, etc.) 10 11
Light from a heating device 10 11
Clock projecting time on ceiling 7 7
Phone light 6 6
Reading light 5 5
Laptop light 5 5
Factors that increase bedroom light

Reflection by a mirror 22 23
Windows without louvers or shutters, light color curtains 15 16
Windows without louvers or shutters, thin curtains 11 12
Windows facing tree losing leaves in Fall 10 11
Bedroom glass or slatted door 10 11
Reflection from snow 4 4

Sources of indoor artificial light reflecting into the bedroom

weak from mid luteal phase to end of cycle

BBT: Basal body temperature

Seven days or more of mucus discharge and presence of mucus
during the luteal phase were the most frequent characteristics observed
in nearly half of the menstrual cycles. Less than three days of peak-type
mucus was also frequently mentioned and atypical lengths of either
the preovulatory phase or the luteal phase were observed in nearly one
third of the menstrual cycles.

Some abnormality in menstrual bleedings was also rather frequent.
The other signs of ovulation disorders were less frequent in the present
dataset.
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Low light flooding during all night from a corridor 10 11
Light flooding from another room 10 11
Bright light flooding from the corridor or the bathroom 6 6
Standby light from smoke or fire detector 5 5

Light from a heating device 5 5

Night-light 1 1

Charge indicator from electric razor 1 1

Sources of outdoor artificial or natural light reflecting into the bedroom

Street light 29 31
Light from the neighbor’s front door 13 14
Bright light from any source 10 11
Street light beyond the block 10 11
Street light within the same block 9 10
Bright moon 8 9
Light from close apartment or shop 5 5

Traffic light 5 5

Distant neon light 5 5
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Table 3. Exact p-values of Wilcoxon tests (levels of evidence of each relationship between light pollution and each clinical sign of ovulation disorder)

Artificial Factors Infio(fr 0.“ td.oor
light increasin artificial artificial or
Menstrual cycle signs Lux meter ign licht in J light natural
bedroom be%room reflecting light reflecting
into bedroom into bedroom
Menstrual flow -Mostly heavy flow 0.728 0.038* 0.006 0.246 0.198
No sustained basal body temperature shift or weak shift 0.155 0.864 0.897 0.013" 0.881
Two days or more of spotting during mucus 0.668 0.235 0.014 0.595 0.265
A lot of mucus felt or seen during luteal phase 0.319 0.234 0.383 0.018" 0.584
Minimal mucus. no peak type mucus 0.549 0.675 0.023" 0.387 0.830
Less than 3 days of peak type mucus 0.803 0.136 0.272 0.064 0.946
Early infertile days- No early infertile days 0.246 0.611 0.728 0.728 0.064
Fertile mucus present after temperature rise 0.175 0.754 0.474 0.070 0.673
Cervical mucus at the end of the menstrual flow 0.084 0.732 0.613 0.098 0.704
Basal Body temperature shift- Erratic post-ovulatory readings 0.280 0.479 0.562 0.086 0.895
Menstrual flow -Prolonged spotting after flow ends 0.584 0.584 0.105 0.739 0.416
Short luteal phase (less than 10 days) 0.296 0.830 0.113 0.216 0.645
Delayed BBT shift (19 days or more) 0.987 0.969 0.389 0.119 0.997
Menstrual flow - Brown/blackish spotting 0.584 0.416 0.141 0.964 0.319
More than two days of spotting during the luteal phase 0.883 0.626 0.146 0.579 0.328
Bleeding/spotting for 5-6 days within the cycle before ovulation 0.854 0.421 0.146 0.374 0.526
Temperature readings become weak from mid luteal to end of cycle 0.158 0.579 0.842 0.947 0.211
Continuous dampness or wetness entire cycle 0.235 0.960 0.298 0.557 0.632
Continuous fertile mucus entire cycle 0.790 0.737 0.684 0.263 0.947
Menstrual flow of 7 days or more 0.995 0.296 0.387 0.916 0.325
Cycle Length- 35 days or more 0.673 0.328 0.626 0.673 0.883
Seven days or more of mucus 0.329 0.358 0.516 0.969 0.420
“Values <0.05 are in favor of a potential ability of the factor to predict the sign
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Figure 2. Boxplots illustrate the relationships between light pollution and clinical signs of ovulation disorder where Wilcoxon test p-value <0.10
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pollution and each clinical sign of ovulation disorder. This table shows
that 6 p-values were lower than 0.05; this is in favor of a potential
ability of prediction of a clinical sign of ovulation disorder by the
corresponding light pollution source.

Figure 2 shows the boxplots generated to illustrate the relationship
between light pollution and each clinical sign of ovulation disorder in
situations where Wilcoxon test p-value is below 0.10. These plots show
that light pollution was higher in presence of some clinical signs of
ovulation disorder; this is in favor of a possible prediction of clinical
signs of ovulation disorder by light pollution. Nevertheless, the lowest
of these p-values was 0.006; i.e., none reached the Bonferroni limit,
which was 0.00045. This calls to moderate the assertion of statistical
significance of each relationship.

Discussion

The present study showed that nearly more than half of the
menstrual cycles described by the participants presented at least mild
abnormalities and that half of the measurements made by questionnaire
or by lux meter showed a light pollution due to indoor or outdoor
sources. The results allow concluding that signs of ovulation disorders
may be predicted by light pollution.

The study found a high frequency of abnormalities in menstrual
cycles (or ovulation disorders); this may be partly explained by a
selection bias: women with such disorders would be more prone to
participate. Nevertheless, several authors who studied natural cycles
have described their great diversity in the general population [24,25]. A
continuum from normal cycles to anovulatory cycles has been recently
described by Blackwell et al. [26]. Moreover, the high frequency of
abnormal cycles is regularly mentioned, especially in the presence of
polycystic ovary syndrome [27].

Our sampling process was not devoted to quantify the prevalence
of light pollution; the high frequency of light pollution observed here
is not representative of a specific geographic area. The assessment of
pollution sources was only destined to understand the participant
environments and sleep conditions and help providing a list of sources
of light pollution that may be contained or suppressed.

Furthermore, in this analysis, a lack of power was due to the small
sample size which prevented reaching the Bonferroni limit. Actually,
in such a study on 19 women, the Bonferroni limit is very low and has
almost no chance of being reached.

Previous studies conducted among nurses have shown that
working in shifts increases menstrual cycle irregularities and the
occurrence of painful periods [28]. Women with more than 20
months of rotating shift work had higher risks of irregular cycles or
atypical cycle lengths (<21 days or 240 days) [18]. Exposure to light
at night might be one of the main causes of these ovulation disorders;
it has been very recently considered as an “environmental endocrine
disruptor” [29]. The results reported here might be a consequence
of this phenomenon because light flooding into the bedroom was
mentioned by two thirds of the women and was able to predict clinical
signs of ovulation disorders. However, the impacts of exposure to
light during shift work would be different from those of exposure to
dim light during sleep [30].

Conclusions

Because deleterious health effects of dim light at night (versus
total dark) have been observed in rodents [31,32], it seemed logical to
check for a possible negative impact of dim light at night on women’s
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menstrual cycles. The present results indicate a negative impact of light
pollution of the bedroom on some characteristics of the menstrual
cycle. Given the limited number of participants (thus, the lack of
power), these indications call for conducting a randomized study to
check whether a total suppression of light in the bedroom (versus dim
light) would improve cycle characteristics. Such a study may open new
therapeutic perspectives for some difficult cases of ovulation disorders.
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