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Sleep, light exposure at night, i

and psychological wellbeing during pregnancy
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Abstract

Background Psychological wellbeing during pregnancy is imperative for optimal maternal outcomes. The present
study aimed to determine the association between sleep quality, light exposure at night, and psychological wellbeing
in the 2" and 3' trimesters of pregnancy.

Methods This prospective study was conducted in 9 randomly selected government maternity clinics in Kuala Lum-
pur, Malaysia. Healthy women aged 20-48 years old with single pregnancy were recruited using convenience sam-
pling (n=169). Sleep quality, light exposure at night, and psychological wellbeing were self-reported using the Pitts-
burgh Sleep Quality Index (PSQI), Harvard Light Exposure Assessment (H-LEA), and Depression, Anxiety, and Stress
Scale (DASS-21) in the 2™ trimester and followed-up at the 39 trimester.

Results During the 2" and 3" trimesters of pregnancy, mild to severe symptoms of stress (10.7 and 11.3%), anxi-
ety (42 and 44.3%), and depression (9.6 and 16.6%) were observed among the participants. Adjusted multiple

linear regression revealed that poor sleep quality and higher light exposure at night were attributed to greater
stress and depression symptoms in the 3™ trimester. Higher lux level exposed from 10 pm to < 1 am was associated
with increased stress (3=0.212, p=0.037) and depression (3=0.228, p=0.024). Only poor sleep quality was observed
to adversely affect anxiety (3=0.243, p=0.002) and depression levels (3=0.259, p=0.001) in the 2" trimester.

Conclusions Present study provided preliminary findings on the association between sleep quality, light at night,
and psychological wellbeing of pregnant women. As a recommendation, future research could investigate

whether public health interventions aimed at decreasing artificial light at night can benefit sleep quality and the psy-
chological health of pregnant women.
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Background
Psychological wellbeing is the concept of optimal mental
functioning that improves the overall health of individu-
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wellbeing is imperative since it relates closely to birth
outcomes and infant development through fetal pro-
gramming. For instance, poor psychological wellbeing
in pregnant mothers was associated with preterm birth,
low birth weight babies, and impaired fetal brain devel-
opment [5].

Throughout the years, research has documented
numerous factors that play critical roles in affecting
psychological wellbeing during pregnancy. Particularly,
sleep, a biological process for physiological wellness, was
extensively studied. Past studies elucidated that poor
sleep quality, short sleep duration, and sleep disturbances
were linked with negative psychological outcomes among
pregnant women [6, 7]. Moving forward, research contin-
ued to reveal the complexity of the relationship between
sleep and psychological wellbeing, to which additional
variables could have an influence. Recently, light expo-
sure has been linked to psychological wellbeing in vari-
ous populations, along with sleep as a possible influence
[8]. The relationship between light and sleep as factors
affecting psychological wellbeing could be attributed to
their close connection to circadian rhythm regulation.

Undoubtedly, artificial light usage has increased tre-
mendously with modernization and technological
advancement, especially at night. As the main exogenous
zeitgeber to the body’s internal clock, light influences
the sleep—wake cycle and circadian rhythm. When light
reaches the eye and the retina, it is detected by the reti-
nal non-image forming photoreceptors and in turn, the
light perceived is transmitted to the master clock supra-
chiasmatic nuclei (SCN) neurons [9]. Subsequently, the
electric signals from the SCN activate several signaling
pathways that affect vital body processes in accordance
with the natural 24-h light-dark cycle, including mela-
tonin production [10].

Although artificial light at night has brought conveni-
ence to our lives, improper/excessive exposure to arti-
ficial light out of sync from the natural light—dark cycle
may bring about negative consequences including circa-
dian misalignment that suppressed melatonin and other
physiological processes, increased risk of sleep disor-
ders, and compromised mental health [10]. For example,
nationally-representative data illustrated that increased
outdoor artificial lighting measured via satellite impacted
adolescents’ sleep health negatively and was associated
with higher prevalence of anxiety and other mood disor-
ders [11]. Besides, research evidence demonstrated the
harmful effects of light exposure at abnormal timings
on mental wellbeing among shift workers [12]. Further-
more, research has shown that stress levels were ele-
vated among children exposed to artificial light at night,
whereby sleep acts as a mediator in the Eq. [13]. Among
the elderly population, exposure to light at night was
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associated with depressive symptoms when sleep distur-
bances were controlled in the study [14].

While the relationship between light exposure and psy-
chological wellbeing is not fully understood yet, a plausi-
ble mechanism was proposed including the effect of light
on circadian system, which in turn, affects important bio-
logical rhythms in the body that may affect mood-related
behaviours during pregnancy [11]. The close connec-
tion between light and psychological wellbeing can also
be observed in the use of light therapy as a treatment for
mood disorders, including during pregnancy [15-17].
Yet, the relationship between light, sleep, and psychologi-
cal wellbeing during pregnancy remained understudied
and further exploration is much needed. Particularly in
the context of pregnant women, most studies assessing
sleep quality and psychological wellbeing did not take
light exposure into consideration, which could possi-
bly affect study outcomes as shown in other populations
aside from pregnant women.

Interestingly, a recent study has done a comparison of
sleep quality and perceived stress, accounting for light
exposure before bedtime among pregnant and non-
pregnant women [18]. However, only perceived stress
was measured in the said study as an indicator of poor
psychological wellbeing. The spectrum of psychological
wellbeing can be further expanded by considering feel-
ings of despair and excessive worry to present more com-
prehensive data. Moreover, the study results also showed
no associations between sleep quality and psychological
wellbeing, contradicting previous literature. One of the
reasons could be related to the said study setting in Nor-
way, an economically stable country where participants
tend to display low stress levels. As highlighted earlier
[19], it is critical to explore the risk factors for poor psy-
chological wellbeing, including underexplored popula-
tions in the Asia region like Malaysia.

Although past studies had investigated sleep quality
and its association with psychological wellbeing among
pregnant women throughout 2" and 3 trimesters [20],
the role of light exposure is often understudied. As such,
the present study aimed to determine the association
between sleep quality, light exposure at night, and psy-
chological wellbeing among women throughout 2™ and
3" trimesters of pregnancy. Study findings would allow
for the identification of trends and critical timing during
pregnancy for interventions to be implemented.

Methods

Participants

This was a prospective cohort study conducted in the
2nd trimester and followed up during the 3™ trimes-
ter. Data collection was conducted from July 2019 to
April 2021. Pregnant women were recruited from
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9 government maternity clinics in Kuala Lumpur,
Malaysia, selected using simple random sampling. The
participants were recruited using a convenience sam-
pling method during their antenatal check-ups at the
selected maternal clinics. Those who were Malaysians
aged between 20-48 years old and literate in English
or Bahasa Malaysia were recruited for the study. A
minimum sample size required was 69 participants,
calculated based on the probability of poor sleep qual-
ity among pregnant women with (p =0.18) and without
antenatal depression (p=0.39), with confidence level
at 95% and 80% power [20]. After excluding pregnant
women with multiple pregnancies, shift workers, and
those suffering from serious health conditions such
as gestational diabetes, hypertension, pre-eclamp-
sia, or anaemia, 319 eligible pregnant women were
approached for the study, of which 169 agreed to par-
ticipate and completed the assessment in the 2™ tri-
mester (53% success in the study recruitment). Reasons
for declining participation include lack of time and
lack of support from family attributing to the commit-
ment required for the research, particularly during the
critical period of pregnancy. A total of 115 follow-up
data was collected during the 3rd trimester, giving rise
to a 31.9% loss mainly due to miscarriage, loss of con-
tact due to unknown reasons, and movement control
order related to Covid-19 pandemic where residents
were encouraged to stay at home for non-essential
activities. While online options were provided during
the pandemic, some declined to participate due to the
other negative implications related to the pandemic, as
well as a lack of digital literacy.

All procedures performed were in accordance with
the ethical standards of the Declaration of Helsinki. All
experimental protocols were approved by the Medi-
cal Research and Ethics Committee (KKM/NIHSEC/
P19-125) and National Medical Research Registrar
(NMRR-18-3412-45225), to which ethical standards
set by the committee were met. Approval letter from
the Health Department of Kuala Lumpur and Putra-
jaya was obtained to conduct research in government
maternity clinics. Besides, a written informed consent
form was collected from the participants prior to data
collection.

Measures

Sociodemographic and health records

In the maternity clinic, sociodemographic details (age,
household income) were collected via self-administered
questionnaires. Medical history such as previous birth
complications and physical impairments were cross-
checked with antenatal health records.
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Sleep quality

The sleep quality of pregnant women was measured
using the Pittsburgh Sleep Quality Index (PSQI), which
evaluated the sleep quality for the past month [21]. PSQI
is a validated questionnaire that measures 7 derived com-
ponents of sleep quality: subjective sleep quality, sleep
latency, habitual sleep efficiency (%), sleep duration
(hours), sleep disturbances, use of sleep medication, and
daytime dysfunction. Each subdomain was scored from 0
to 3, where a higher value corresponded to more severe
sleep difficulties. The summed scores from 7 subdomains
were produced to calculate the total global PSQI score,
ranging from O to 21. A total global score of more than 5
indicated poor sleep quality, while a total global score of
less than 5 reflected good sleep quality.

Light exposure

Harvard Light Exposure Assessment (H-LEA) assessed
light exposure at each hour for 3 consecutive days with
2 weekdays and 1 weekend day [22]. The questionnaire
groups light into several sources: (1) artificial light includ-
ing i) halogen lamp, ii) fluorescent lamp, iii) incandescent
light, iv) light-emitting diodes (LED) lamp, v) other arti-
ficial light such as television, tablet, smartphone, com-
puter, and candlelight, (2) natural light such as i) indoor
natural light, ii) outdoor natural light, and lastly, (3) dark-
ness. The participants were required to identify the type
of light sources for each hour in the questionnaire. The
light sources at each timing were converted into their
respective lux levels, corresponding to the light intensity
of surfaces in indoor and outdoor sources. Light at night
was defined as light exposure from 7 pm to 7 am (based
on Malaysia’s sunrise and sunset time) and recorded
according to time blocks [23]. Time was categorized into
3-h intervals: 7 pm to <10 pm, 10 pm to <1 am, 1 am
to <4 am, and 4 am to <7 am. The average lux levels for
3 days were determined and grouped into their respec-
tive time intervals for 24 and 3™ trimesters of pregnancy.

Psychological wellbeing

Depression, Anxiety, and Stress Scale — 21 (DASS-21)
was used to assess the levels of depression, anxiety, and
stress of pregnant women over the past week [24]. The
questionnaire consists of 7 items for each component:
depression, anxiety, and stress. Participants were required
to rate their condition according to a 4-point Likert scale
of 0 (did not apply to me at all) to 3 (applied to me very
much or most of the time) for the past week. The scores
for each subscale were then summed up and multiplied
by 2 to get the final score. The participant’s psychoso-
cial wellbeing was categorized based on the severity of
each component. The cut-off values for depression were
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normal (0-9), mild (10-13), moderate (14-20), and
severe (>21). For anxiety symptoms, the corresponding
cut-off values were normal (0-7), mild (8-9), moderate
(10-14), and severe (>15). The suggested cut-off scores
for stress symptoms were normal (0-14), mild (15-18),
moderate (19-25), and severe (>26).

Statistical analyses

Statistical analysis was performed using SPSS version
23 software (IBM, USA). The normality of data distribu-
tion was determined using the Shapiro Wilk test. Con-
tinuous variables were presented in mean *standard
deviation, while categorical variables were presented as
frequency (percentage). We performed a paired samples
t-test to compare sleep quality, psychosocial wellbeing,
and light exposure (lux levels) among pregnant women
in their 2™ and 3" trimesters. The association between
lux levels and sleep quality with psychological wellbeing
during pregnancy was then evaluated using multiple lin-
ear regression adjusted for maternal age and household
income. The observed association was expressed as beta
coefficient () corresponding to 95% confidence intervals
(CI). The effect size for paired samples t-test (Cohen’s d)
and multiple linear regression analysis (R? adjusted R?
Cohen’s f%) were assessed accordingly.

Results
The characteristics of participants were presented in
Table 1.

As pregnant women progressed from the 2" to 3™ tri-
mester, their sleep quality deteriorated (Table 2). This can
be observed based on the global PSQI score (5.7 to 6.2;
p=0.046), sleep disturbance (9.9 to 11.1; p=0.002), and
sleep duration score (0.9 to 1.1; p=0.026) with small yet
non-trivial effects.

In terms of light exposure at night, the highest lux
exposed was at 7 pm to<10 pm, followed by 10 pm
to<1 am, and the lowest exposure at sleep time 1 am
to<4 am (Fig. 1). When nearing dawn and sunrise, the
lux level slightly increased at 4 am to<7 am. Similar

Table 1 Characteristics of participants (n=169)

Characteristics n (%)
Maternal age® 28.2 (3.8)
Monthly household income®
Low income (< RM2300) 27 (16.0)
Middle income (RM 2300 - 5599) 95 (56.2)
High income (> RM5600) 47 (27.8)

Abbreviations: SD standard deviation
2 Data reported as mean (SD)

b Based on 10th Malaysia Economic Plan
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Table 2 Sleep Quality at 2nd and 3rd Trimesters (1=115)

Variables Mean (SD) Cohen’sd p-value

2" trimester 3™ trimester

Global PSQl score 5.7 (2.6) 6.2(29) 0.18 0.046*
Subjective sleep 1.0(0.62) 1.1(0.62) 0.16 0.116

quality

Sleep latency 1.8(1.7) 19(1.6) 0.06 0.407

Sleep duration 0.9 (0.9) 1.1(0.9) 0.20 0.026*
Sleep efficiency (%) 87.9(12.9) 86.6 (12.4) 0.10 0.375

Sleep medication  0.04 (0.30) 0.01 (0.09) 0.15 0.250

Daytime dysfunc- 1.0 (1.0) 09(1.1) 0.10 0.379

tion

Sleep disturbance 9.9 (4.4) 11.1 (4.4) 0.27 0.002*

Abbreviations: PSQI Pittsburgh Sleep Quality Index. SD standard deviation

Data reported as mean (SD) and p-value reported according to paired-sample
t-test analysis

patterns were observed in the 2" and 3™ trimesters.
However, it should be noted that the lux level generally
increased from the 2™ to the 3" trimester at all time
blocks, despite insignificant increases from 7 pm to <4
am. Moreover, the lux level exposed at the time block
4 am to<7 am was significantly higher in the 3™ tri-
mester (15.4 vs 9.4 in the 2" trimester, p =0.05), with a
small non-trivial effect size.

Furthermore, no significant difference was observed
in the psychological wellbeing of pregnant women
in the 2™ and 3" trimesters (Fig. 2). Nevertheless,
stress, anxiety, and depression were prevalent condi-
tions in some pregnant women. Approximately one in
ten pregnant women exhibited mild to severe symp-
toms of stress (ranging from 10.7-11.3% of the preg-
nant women) and depression (ranging from 9.6-16.6%
of the pregnant women). More importantly, it should
be highlighted that almost half of the pregnant women
displayed mild to severe symptoms of anxiety in both
trimesters (ranging from 42% to 44.3%).

Adjusted multiple linear regression revealed that
sleep quality measured by global PSQI score and lux
level were consistently attributed to greater stress and
depression symptoms in the 3" trimester, with medium
effect sizes observed (Table 3). Specifically, higher lux
level exposed at 10 pm to<1 am was associated with
increased stress (p=0.212, p=0.037) and depression
(B=0.228, p=0.024). On the other hand, there was a
lack of association between lux level and the psycho-
logical wellbeing of pregnant women in the 2™ trimes-
ter (Table 4). Only poor sleep quality was observed
to adversely affect anxiety (f=0.243, p=0.002) and
depression levels (B=0.259, p=0.001) in the 2" tri-
mester with small yet non-trivial effects.
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Fig.1 Lux Level at 2nd and 3rd Trimesters (n=115). Paired samples t-test showed a significant difference in lux level (4 am to <7 am) from the 2nd

to 3rd trimester (Cohen’s d=0.32, p=0.005)

Discussion

In the current study, we assessed the psychological well-
being, sleep quality, and light exposure level at night in
2" and 3" trimesters. As reported earlier [25], stress,
anxiety, and depression were relevant conditions pre-
sent in pregnant women. Given that stress, anxiety, and
depression are risk factors for adverse maternal and fam-
ily outcomes, it is crucial to determine the possible issues
associated with pregnant women exhibiting such symp-
toms. In the present study, light exposure and sleep were
both explored as factors affecting psychological wellbe-
ing. The rationale is that light acts as an external cue for
the circadian pacemaker and hence, plays a role in key
biological processes including the production and secre-
tion of melatonin via the retina-hypothalamic pathways
[26]. Indeed, light exposure serves as a zeitgeber to con-
solidate sleep-wakefulness cycles, often affecting sleep
onset and quality [27].

Current study findings showed the associations of light
exposure and sleep with psychological wellbeing during
pregnancy in the 3™ trimester of pregnancy. Undoubt-
edly, the relationship between sleep, light, and psycho-
logical wellbeing is complex, and it is not possible to
establish the causal effect based on the study design.
However, several hypotheses could be raised based on the
findings. Firstly, light exposure at night could adversely
affect the circadian rhythm [10], which regulates numer-
ous physiological functions including mood regulation
through transcriptional and translational feedback loops
[9]. Environmental disruptions such as light can exacer-
bate the desynchronization of the rhythms, influencing
processes involved in mood regulation. In this regard,
several mechanisms have been put forth regarding the

influence of synchronized circadian rhythm and its dis-
ruptions on mood regulation. These include involve-
ment in monoamine signaling in the brain region that
is responsible for mood and anxiety-related behaviors
through clock gene expressions, altered immune function
with increased pro-inflammatory cytokines associated
with circadian disruption, as well as the hypothalamus—
pituitary—adrenal axis regulation that stabilizes mood
[28].

Several studies conducted thus far could help shed
light on the relation between light exposure, circadian
misalignment, and subsequently, poor psychological
wellbeing. First, it has been shown that approximately
6.5 h exposure to 100 lx level at night can produce one-
half of the response for a stimulus almost 100 times
brighter (9000 lx), suggesting that the circadian rhythm
is highly sensitive to light intensity and duration exposed,
thereby generating significant phase-delaying effect and
melatonin suppression [29]. A preliminary study among
women with a history of major depressive disorder found
that delayed circadian phase shift measured by dim light
salivary melatonin at 6 weeks postpartum relative to the
third trimester of pregnancy was associated with depres-
sive mood [30]. Further, the disturbances to biological
rhythms measured objectively and subjectively, among
those with and without history of mood disorders were
linked to poor psychological wellbeing during the perina-
tal period [31-33].

In terms of wavelengths of light, a recent randomized-
controlled trial among pregnant women elucidated that
the use of blue-blocking glass 3 h before bedtime had
favorable effect on the circadian rhythm with advanced
melatonin onset and increased melatonin levels at night
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Fig. 2 Psychological Wellbeing of Pregnant Women at 2nd and 3rd Trimesters. Paired samples t-test showed no significant difference

in psychological wellbeing from 2nd to the 3rd trimester

[34]. Promisingly, the application of bright light ther-
apy for improving psychological wellbeing particularly
depression during pregnancy has been reported. For
instance, multiple studies demonstrated that bright light
therapy in the morning improved depression among
pregnant women as compared to the control group
[7000 1x vs 70 Ix [17], 7000 1x vs 500 Ix [16]]. Proper light
exposure, could regulate mood by producing inputs to
the perihabenular nucleus of the dorsal thalamus which
projects to mood-regulating centers [35].

On the other hand, light exposure at night could
act as a stressor to pregnant women which disrupted
sleep and mood, contributing to the feelings of stress.

For instance, when healthy participants were exposed
to light (100 Ix), subjective sleep quality and rapid eye
movement (REM) sleep decreased, while light sleep and
sleep awakening increased with lower nocturnal mela-
tonin level and poorer psychological wellbeing [36, 37].
In addition, a trend of increased cortisol (stress hor-
mone) was invoked in those exposed to light at night,
although this was insignificant between groups, possi-
bly due to the low sample size [36]. In another experi-
mental study among hospitalized patients, a dynamic
24-h light—dark cycle with minimal light exposure at
night and 2 h of bright light (1750 1x) during the day
had better objective sleep measures as compared to
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Table 3 Associations between lux level and sleep quality with psychological wellbeing during the 3rd trimester of

pregnancy (n=115)*

Variables Stress® Anxiety® Depression?
B (95% Cl) p-value B (95% Cl) p-value B (95% CI) p-value
Global PSQI score 0.290 (1410, 6.059) 0.002* 0.247 (0.738,4.859) 0.008* 0.305 (1.133,4.530) 0.001*
Lux level
7 pm-10 pm -0.112 (-0.045, 0.013) 0.268 -0.111 (-0.042,0.012) 0.265 -0.080 (-0.031,0.013) 0425
10 pm-1 am 0.212 (0.002, 0.076) 0.037* 0.161(-0.006, 0.062) 0.106 0.228 (0.004, 0.060) 0.024*
1am-4am 0.025 (-0.064, 0.082) 0.807 0.195 (0.000, 0.135) 0.050 0.065 (-0.037,0.074) 0512
4am-7 am -0.045 (-0.059, 0.037) 0.655 0.028 (-0.038,0.051) 0.776 -0.092 (-0.054, 0.019) 0352

Abbreviations: PSQI Pittsburgh Sleep Quality Index, 95% Cl 95% Confidence Intervals

*p-value significant at <0.05

@ Adjusted for maternal age and household income

b Model significant at p=0.045. R=0.368, R?=0.135, Adjusted R?=0.070, Cohen’s =0.16
¢ Model significant at p=0.014. R=0.402, R>=0.162, Adjusted R?=0.099, Cohen’s f*=0.19
4 Model significant at p=0.022. R=0.389, R=0.151, Adjusted R>=0.087, Cohen’s 2 =0.18

Table 4 Associations Between lux level and

of pregnancy (n=169)

sleep quality with psychological

wellbeing during the 2nd trimester

d

Variables Stress® Anxiety® Depression
B (95% CI) p-value B (95% Cl) p-value B (95% Cl) p-value
Global PSQl score - - 0.243 (1.092, 4.880) 0.002* 0.259 (1.092, 4.880) 0.001*
Lux level
7 pm-10pm - - 0.044 (-0.019,0.032) 0.620 -0.034 (-0.028,0.019) 0.699
10 pm-1am - - 0.096 (-0.013, 0.050) 0.250 0.113 (-0.009, 0.049) 0.180
1am-4 am - - 0.049 (-0.037,0.061) 0.632 -0.140 (-0.078, 0.015) 0177
4.am-7 am - - 0.071 (-0.009, 0.018) 0.486 0.049 (-0.010, 0.016) 0.632

Abbreviations: PSQI Pittsburgh Sleep Quality Index, 95% CI 95% Confidence Intervals

*p-value significant at <0.05

2 Adjusted for maternal age and household income

b Model insignificant at p=0.202. R=0.246, R?=0.061, Adjusted R>=0.014, Cohen’s f*=0.06
€ Model significant at p=0.009. R=0.344, R2=0.118, Adjusted R>=0.074, Cohen’s f?=0.13
4 Model significant at p=0.037. R=0.309, R?=0.096, Adjusted R?=0.050, Cohen’s 2 =0.11

standard fluorescent lighting throughout the day and
night [38]. Despite that, no significant difference was
seen in anxiety and depression symptoms between
groups, possibly since both groups had ‘normal’ scores,
leaving little room for improvement. Meanwhile in
healthy adults, moderately bright light (1000 lx) in
the morning boosted subjective mood, motivation,
and happiness with reduced feelings of anxiety [39].
A recent epidemiology study elucidated that satellite
images of increased outdoor artificial light at night
were associated with poor sleep patterns, mood, and
depressive symptoms in young adults [11]. Among
elderly adults, exposure to lux levels of more than
5 Ix at bedtime to rising time exhibited a significantly
greater depression risk after 24 months [40].

Recently, the American Medical Association issued a
policy statement based on mounting research evidence
on the effect of artificial light on human physiology with
direct connections to health, including mental wellbeing,
mood, and depression [26]. True to our findings, it seems
that the state of good mental health is promoted through
a mechanism involving internal clocks alignment to the
natural dark-light cycle, without excessive exposure to
light at night.

In terms of sleep quality, the global PSQI score of par-
ticipants in the present study was comparable with a
recent meta-analysis comprising 24 studies and a total of
11,022 pregnant women. The meta-analysis reported an
average score of 6.09 [41], corresponding to poor sleep
quality (PSQI>5 points). Likewise, the sleep quality of
pregnant women deteriorated from 2" to 3™ trimester
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in the current study, often reported in longitudinal
studies [41]. Such findings suggest that poor sleep qual-
ity continues to be a common issue faced by pregnant
women, especially as it progresses to the final trimester
of pregnancy.

Our findings add to the body of literature on the asso-
ciation between negative sleep quality and poor mental
health in pregnant women [20]. The relationship between
sleep and psychological wellbeing has been proposed as
bidirectional, with poor sleep quality resulting from sub-
optimal emotional health and concurrently regarded as
physiological stressors per se, leading to feelings of over-
load [42]. Any possible scenarios that add to the feelings
of stress can result in the activation of allostasis (main-
tenance of homeostasis through adaption processes) and
contribute to allostatic load (effects of repeated burden
of stress on body) [43], affecting sleep outcomes. For
instance, it was reported that allostatic load in pregnant
women was positively correlated with poor sleep qual-
ity, as measured by PSQI [44]. Subsequently, disturbed
sleep quality can result in a continuous cycle of persistent
inflammatory responses, generating allostatic load and
contributing to poor mental health such as symptoms of
depression [42, 45].

The present study has several limitations to note.
Owing to our study design, it is possible that those who
exhibit symptoms of stress and depression tend to sleep
late with increased exposure to light at night. Further, we
did not account for light exposure throughout the day,
precluding a comprehensive characterization of 24-h light
exposure, which could affect sleep outcomes and psycho-
logical wellbeing [46]. Additionally, sleep quality and light
exposure were assessed through self-reported means and
thus, could be subjected to recall and social desirabil-
ity bias. Nonetheless, the confidentiality of the data was
assured to the pregnant women. While H-LEA allows the
identification of light sources and lux levels, the H-LEA
assessed light exposure subjectively, and hence, objective
measures will be useful for further exploration in future
research. Additionally, the DASS-21 scale is designed
to assess signs of poor psychological wellbeing, yet it is
inadequate for identifying and diagnosing the various
types of depressions such as major depressive disorder,
persistent depressive disorder, bipolar disorder, seasonal
affective disorder, chronic or recurrent depression. Of
note, our analyses elucidated that lux level exposed and
sleep had non-trivial, weak to moderate effect sizes on
psychological wellbeing. In regards to this, it is impor-
tant to note that the majority of participants assessed
(~83-90%) did not show symptoms of stress and depres-
sion in the 2" and 3™ trimesters of pregnancy, while
more than half did not exhibit anxiety symptoms, thereby

Page 8 of 10

limiting potential associations. Furthermore, we found
no significant association between light exposure in the
2nd trimester with psychological wellbeing in 3rd trimes-
ter (analyses not shown). It seemed that the influence of
light on psychological wellbeing is acute in the present
preliminary findings and perhaps, longer exposure, fol-
low-up periods, and objective assessments would provide
better insights. We also did not assess possible comorbid-
ity with other conditions such as substance use disorders
and the link with light exposure as this was beyond the
scope of current study. In addition, the study was con-
ducted in the capital of Malaysia, Kuala Lumpur. While
we did not recruit pregnant women from all states in
Malaysia, Kuala Lumpur remained one of the most popu-
lous and fastest-growing cities in the country, reflecting
the multicultural nation with citizens originating across
all states in Malaysia [47]. Nevertheless, the study find-
ings must be interpreted with caution given that it was
conducted in one state of Malaysia, and thus, may not
be generalizable in other settings. Lastly, we faced com-
mon barriers to study retention especially related to the
degree of inconvenience imposed on the participants as
reported previously [48, 49], and we acknowledged that
the loss to follow-up may affect present findings. Despite
that, we conducted further analysis of participant’s char-
acteristics and found no significant difference between
those who dropped out and those who were retained in
the study. We also ensured that the final sample size was
sufficiently powered.

In conclusion, the study provided preliminary find-
ings that light exposure at night, sleep quality, and psy-
chological wellbeing were closely linked. Study findings
highlighted the need to improve sleep quality and to
boost lighting strategies for the promotion of emotional
care during the critical period of pregnancy. In turn, this
could have long-term implications on maternal and child
outcomes. As a recommendation, future research could
investigate whether public health interventions aimed at
decreasing artificial light at night can benefit sleep qual-
ity and the psychological health of pregnant women.

Abbreviations

DASS-21  Depression Anxiety and Stress Scale
@ Confidence interval

H-LEA Harvard Light Exposure Assessment
PSQl Pittsburgh Sleep Quality Index

SD Standard deviation

Acknowledgements
We are grateful to all the pregnant women who participated in the study.

Authors’ contributions

All authors contributed to the study conception and design. Material prepara-
tion and data collection was conducted by CWL, SK, MT and SS. Data analysis
was performed by NCM and KEY. The manuscript was written by NCM and KEY.
All authors contributed substantially to the manuscript revision. All authors



Ng et al. BMC Public Health (2023) 23:1803

read and approved the final manuscript. All authors certify responsibility for
the manuscript.

Funding

This work was supported by the Ministry of Education Malaysia under the
Fundamental Research Grant Scheme [FRGS/1/2018/SKK06/UCSI/02/2]. The
funding body was not involved in the design of the study and collection,
analysis, and interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed were in accordance with the ethical standards of
the Declaration of Helsinki. All experimental protocols were approved by the
Medical Research and Ethics Committee (KKM/NIHSEC/P19-125) and National
Medical Research Registrar (NMRR-18-3412-45225), to which ethical standards
set by the committee were met. Informed consent was obtained from all
participants before data collection.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 January 2023 Accepted: 30 August 2023
Published online: 16 September 2023

References

1. Priya A, Chaturvedi S, Bhasin S, Bhatia M, Radhakrishnan G. Depression,
anxiety and stress among pregnant women: a community-based study.
Indian J Psychiatry. 2018,60(1):152.

2. Bakir N, Irmak Vural P, Demir C. Relationship of Depression, anxi-
ety and stress levels with religious coping strategies among Turkish
pregnant women during the COVID-19 pandemic. J Relig Health.
2021,60(5):3379-93.

3. Nwafor JI, Okedo-Alex IN, lkeotuonye AC. Prevalence and predictors
of depression, anxiety, and stress symptoms among pregnant women
during COVID-19-related lockdown in Abakaliki. Nigeria Malawi Med J.
2021;33(1):54-8.

4. Schaffir J. iological changes during pregnancy and the postpartum
period. The Oxford handbook of perinatal psychology. Oxford library of
psychology. Oxford University Press: New York, NY, US; 2016. p. 26-37.

5. Nasreen HE, Pasi HB, Rifin SM, Aris MAM, Rahman JA, Rus RM, et al.
Impact of maternal antepartum depressive and anxiety symptoms
on birth outcomes and mode of delivery: a prospective cohort
study in east and west coasts of Malaysia. BMC Pregnancy Childbirth.
2019;19(1):201.

6. Pauley AM, Moore GA, Mama SK, Molenaar P, Symons DD. Associations
between prenatal sleep and psychological health: a systematic review. J
Clin Sleep Med. 2020;16(4):619-30.

7. Polo-Kantola P, Aukia L, Karlsson H, Karlsson L, Paavonen EJ. Sleep quality
during pregnancy: associations with depressive and anxiety symptoms.
Acta Obstet Gynecol Scand. 2017;96(2):198-206.

8. Wams EJ, Woelders T, Marring I, van Rosmalen L, Beersma DGM, Gordijn
MCM, et al. Linking light exposure and subsequent sleep: a field poly-
somnography study in humans. Sleep. 2017;40(12):zsx165.

9. Ng CM, Kaur S. Environmental light exposure and mealtime regularity:
Implications for human health. Chronobiol Int. 2022;39(9):1183-94.

10. Walker WH, Walton JC, DeVries AC, Nelson RJ. Circadian rhythm disruption
and mental health. Transl Psychiatry. 2020;10(1):28.

11. Paksarian D, Rudolph KE, Stapp EK, Dunster GP, He J, Mennitt D,
et al. Association of outdoor artificial light at night with mental

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 9 of 10

disorders and sleep patterns among US Adolescents. JAMA Psychiat.
2020;77(12):1266-75.

Chellappa SL, Morris CJ, Scheer FAJL. Circadian misalignment increases
mood vulnerability in simulated shift work. Sci Rep. 2020;10(1):18614.
Franklin M, Yin X, McConnell R, Fruin S. Association of the Built Envi-
ronment With Childhood Psychosocial Stress. JAMA Network Open.
2020;3(10):2017634.

Obayashi K, Saeki K, lwamoto J, lkada Y, Kurumatani N. Exposure to

light at night and risk of depression in the elderly. J Affect Disord.
2013;151(1):331-6.

Bais B, Kamperman AM, Bijma HH, Hoogendijk WJ, Souman JL,

Knijff E, et al. Effects of bright light therapy for depression during
pregnancy: a randomised, double-blind controlled trial. BMJ Open.
2020;10(10):2038030.

Epperson CN, Terman M, Terman JS, Hanusa BH, Oren DA, Peindl KS, et al.
Randomized clinical trial of bright light therapy for antepartum depres-
sion: preliminary findings. J Clin Psychiatry. 2004;65(3):421-5.
Wirz-Justice A, Bader A, Frisch U, Stieglitz RD, Alder J, Bitzer J, et al. A
randomized, double-blind, placebo-controlled study of light therapy for
antepartum depression. J Clin Psychiatry. 2011;72(7):986-93.

Liset R, Granli J, Henriksen RE, Henriksen TEG, Nilsen RM, Pallesen S.
Sleep, evening light exposure and perceived stress in healthy nul-
liparous women in the third trimester of pregnancy. PLoS ONE.
2021;16(6):20252285.

Schetter CD, Tanner L. Anxiety, depression and stress in pregnancy: Impli-
cations for mothers, children, research, and practice. Curr Opin Psychiatry.
2012;25(2):141-8.

Gao M, Hu J,Yang L, Ding N, Wei X, Li L, et al. Association of sleep quality
during pregnancy with stress and depression: A prospective birth cohort
study in China. BMC Pregnancy Childbirth. 2019;19(1):1-8.

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pitts-
burgh Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193-213.

Bajaj A, Rosner B, Lockley SW, Schernhammer ES. Validation of a light
questionnaire with real-life photopic illuminance measurements: The har-
vard light exposure assessment questionnaire. Cancer Epidemiol Biomark
Prev. 2011;20(7):1341-9.

Scott D, Paterson JL, Happell B. Poor sleep quality in Australian adults
with comorbid psychological distress and physical illness. Behav Sleep
Med. 2014;12(4):331-41.

Lovibond SH, Lovibond PF. Manual for the depression anxiety stress
scales. 2nd ed. Psychology Foundation of A, editor. Sydney, N.S.W.: Psy-
chology Foundation of Australia. 1995.

Maharlouei N, Keshavarz P, Salemi N, Lankarani KB. Depression and
anxiety among pregnant mothers in the initial stage of the Coronavirus
Disease (COVID-19) pandemic in the southwest of Iran. Reprod Health.
2021;18(1):1-8.

Stevens RG, Brainard GC, Blask DE, Lockley SW, Motta ME. Adverse health
effects of nighttime lighting: Comments on american medical associa-
tion policy statement. Am J Prev Med. 2013;45(3):343-6.

Minch M, Bromundt V. Light and chronobiology: implications for health
and disease. Dialogues Clin Neurosci. 2012;14(4):448-53.

McClung CA. How might circadian rhythms control mood? Let me count
the ways. Biol Psychiatry. 2013;74(4):242-9.

Zeitzer JM, Dijk DJ, Kronauer RE, Brown EN, Czeisler CA. Sensitivity of the
human circadian pacemaker to nocturnal light: melatonin phase reset-
ting and suppression. J Physiol. 2000;526(3):695-702.

Sharkey KM, Pearlstein TB, Carskadon MA. Circadian phase shifts and
mood across the perinatal period in women with a history of major
depressive disorder: A preliminary communication. J Affect Disord.
2013;150(3):1103-8.

Krawczak EM, Minuzzi L, Hidalgo MP, Frey BN. Do changes in subjective
sleep and biological rhythms predict worsening in postpartum depres-
sive symptoms? A prospective study across the perinatal period. Arch
Womens Ment Health. 2016;19(4):591-8.

Krawczak EM, Minuzzi L, Simpson W, Hidalgo MP, Frey BN. Sleep, daily
activity rhythms and postpartum mood: a longitudinal study across the
perinatal period. Chronobiol Int. 2016;33(7):791-801.

Slyepchenko A, Minuzzi L, Reilly JP, Frey BN. Longitudinal changes in
sleep, biological rhythms, and light exposure from late pregnancy to



Ng et al. BMC Public Health

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,
44,

45.

46.

47.

48.

49.

(2023) 23:1803

postpartum and their impact on peripartum mood and anxiety. J Clin
Psychiatry. 2022;83(2):21m13991.

Liset R, Granli J, Henriksen RE, Henriksen TEG, Nilsen RM, Pallesen S. A ran-
domized controlled trial on the effect of blue-blocking glasses compared
to partial blue-blockers on melatonin profile among nulliparous women
in third trimester of the pregnancy. Neurobiol Sleep Circadian Rhythms.
2022;12:100074.

Fernandez DC, Fogerson PM, Lazzerini Ospri L, Thomsen MB, Layne RM,
Severin D, et al. Light affects mood and learning through distinct retina-
brain pathways. Cell. 2018;175(1):71-84.e18.

Rf Hu, Xy J, Ym Z, Xy C, Zhang Yh. Effects of earplugs and eye masks on
nocturnal sleep, melatonin and cortisol in a simulated intensive care unit
environment. Crit Care. 2010;14(2):1-9.

Huang HW, Zheng BL, Jiang L, Lin ZT, Zhang GB, Shen L, et al. Effect of
oral melatonin and wearing earplugs and eye masks on nocturnal sleep
in healthy subjects in a simulated intensive care unit environment: Which
might be a more promising strategy for ICU sleep deprivation? Crit Care.
2015;,19(1):1-11.

Giménez MC, Geerdinck LM, Versteylen M, Leffers P, Meekes GJBM, Her-
remans H, et al. Patient room lighting influences on sleep, appraisal and
mood in hospitalized people. J Sleep Res. 2017;26(2):236-46.

Kobayashi R, Kohsaka M, Fukuda N, Sakakibara S, Honma H, Koyama

T. Effects of morning bright light on sleep in healthy elderly women.
Psychiatry Clin Neurosci. 1999;53(2):237-8.

Obayashi K, Saeki K, Kurumatani N. Bedroom light exposure at night and
the incidence of depressive symptoms: a longitudinal Study of the HEIJO-
KYO Cohort. Am J Epidemiol. 2018;187(3):427-34.

Sedov ID, Cameron EE, Madigan S, Tomfohr-Madsen LM. Sleep quality
during pregnancy: a meta-analysis. Sleep Med Rev. 2018;38:168-76.
Palagini L, Gemignani A, Banti S, Manconi M, Mauri M, Riemann D.
Chronic sleep loss during pregnancy as a determinant of stress: impact
on pregnancy outcome. Sleep Med. 2014;15(8):853-9.

McEwen BS. Allostasis and Allostatic Load: Implications for Neuropsy-
chopharmacology. Neuropsychopharmacology. 2000;22(2):108-24.

Hux VJ, Roberts JM, Okun ML. Allostatic load in early pregnancy is associ-
ated with poor sleep quality. Sleep Med. 2017;33:85-90.

Okun ML, Roberts JM, Marsland AL, Hall M. How disturbed sleep may be a
risk factor for adverse pregnancy outcomes a hypothesis. Obstet Gynecol
Surv. 2009,64(4):273.

Kozaki T, Kubokawa A, Taketomi R, Hatae K. Effects of day-time exposure
to different light intensities on light-induced melatonin suppression at
night. J Physiol Anthropol. 2015;34(1):1-5.

Department of Statistics Malaysia. Current Population Estimates, Malaysia:
Ministry of Economy, Malaysia; 2023. Available from: https://www.dosm.
gov.my/portal-main/release-content/current-population-estimates-
malaysia----2023.

Vaughan SE, Misra DP, Wong AC, Rengers B, Jablonski S, Price M, et al. Suc-
cessful recruitment strategies for engaging pregnant African American
women in research. West J Nurs Res. 2022;44(1):94-100.

Mary SF, Kathy K, Atul S, Richard MM, Andy N, Mijna H-A, et al. How

much loss to follow-up is acceptable in long-term randomised trials and
prospective studies? Arch Dis Child. 2008;93(6):458.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.dosm.gov.my/portal-main/release-content/current-population-estimates-malaysia----2023
https://www.dosm.gov.my/portal-main/release-content/current-population-estimates-malaysia----2023
https://www.dosm.gov.my/portal-main/release-content/current-population-estimates-malaysia----2023

	Sleep, light exposure at night, and psychological wellbeing during pregnancy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Participants

	Measures
	Sociodemographic and health records
	Sleep quality
	Light exposure
	Psychological wellbeing
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


