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Abstract

Background Threatened preterm labor (TPL) is an important obstetrical challenge. Pregnant women with TPL may
develop psychological and physical problems such as mental health disorders, sleep disturbance, and hormonal circa-
dian rhythm disruption. This study aimed to investigate the current state of mental health, sleep quality, and circadian
rhythms of cortisol and melatonin secretion in pregnant women with TPL and normal pregnant women (NPW).

Methods A prospective observational clinical study was conducted at a maternal and child health hospital in
Fuzhou, China, between June and July 2022. A total of 50 women between 32 and 36 weeks of gestation (TPL group,
n=20; NPW group, n=30) were recruited. Data on anxiety symptom (Zung’s Self-rating Anxiety Scale, SAS), depres-
sion symptom (Edinburgh Postnatal Depression Scale, EPDS), subjective sleep quality (Pittsburgh Sleep Quality Index,
PSQI) and objective sleep outcomes (measured by actigraphy) of the pregnant women were collected at the time of
enrolment. Salivary samples were collected once every 6 h (i.e., at 06:00, 12:00, 18:00, and 00:00) during 2 consecutive
days to measure the circadian rhythm of hormone (cortisol and melatonin).

Results There were no differences found in the total scores of SAS, EPDS scores, subjective sleep quality between

the TPL and NPW groups (P> 0.05). In contrast, significant differences were found in sleep efficiency, total sleep time,
wake time after sleep onset, and average awakening time between the groups (P <0.05). The circadian rhythm of mel-
atonin secretion was disrupted in the TPL group (P=0.350); however, it was maintained in the NPW group (P=0.044).
The circadian rhythm of cortisol secretion was disrupted in both groups (P> 0.05).

Conclusions In the third trimester of pregnancy, women with TPL suffer from poorer sleep quality and disruption
of circadian rhythm of melatonin secretion compared with NPW. Nevertheless, there were no differences found in
mental health (i.e, anxiety and depression) and circadian rhythm of cortisol secretion. Large-scale studies should be
conducted to evaluate these changes in women with TPL.

Trial registration The study was registered from Chinese Clinical Trial Registry (Number: ChiCTR2200060674) on
07/06/2022.
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Background

Threatened preterm labor (TPL) is an important obstetri-
cal challenge [1] and a global health problem. This con-
dition may seriously affect pregnant women and their
fetuses or infants. Approximately 25-45% of women with
TPL will experience preterm birth [2, 3]. TPL is associ-
ated with a 33% increased risk of perinatal mortality
and severe perinatal morbidity [4], short- and long-term
complications in newborns [5], and substantial economic
burden [6].

TPL is a stressful event, which is likely to trigger a
biopsychological stress response [7]. Both anxiety and
depression symptoms may be triggered by TPL diagnosis
from a psychological perspective [8]. Possible reasons of
stress in women with TPL include medical interventions,
an unknown prognosis [9], fear of losing the unborn
baby, or preterm birth with the associated risk of per-
manent impairment of the infant, own health risks, and
separation of the partner, antenatal hospitalization [7].
A meta-analysis (including 18 studies) indicated that the
incidence of depression and anxiety among women who
were hospitalized antepartum for obstetric complications
was 34% and 29%, respectively [10]. A cross-sectional
study [11] showed that 42% of hospitalized women with
TPL had high levels of stress. Moreover, a study in China
[12] reported that women hospitalized due to TPL com-
monly experienced emotional burden, and 54.7% of them
developed early postpartum depressive disorders.

Psychological distress and a poor sleep status during
pregnancy may increase the risk of adverse birth out-
comes, including preterm birth [13, 14]. Sleep distur-
bances often occur with mood disorders, are a risk factor
for onset, exacerbation, of mood disorders which were
supported by previous studies [15]. The secretion of cat-
echolamine and adrenocorticotropic hormone, as well as
the eventual increase of serum cortisol after sleep disor-
ders, result in symptoms of physical and psychological
stress [16].

Melatonin is secreted from the pineal gland and
plays an important role in the regulation of the circa-
dian rhythm and related functions, such as sleep—wake
cycle, immune function, and mood [17]. Cortisol, as an
important stress hormone, is one of the major hypotha-
lamic—pituitary—adrenal (HPA) axis biomarkers secreted
by the adrenal cortex. Both are biological markers of the
circadian rhythm that their secretion follows the day-
night cycle, with melatonin secretion normally low dur-
ing daytime, increasing at night, peaking in the middle of
the night and decreasing in the early morning hour [18],

while cortisol levels tend to run in an opposite pattern
[19]. Changes in cortisol levels in the peripheral fluid are
a result of the brain’s response to stress, and circulating
cortisol concentrations vary depending on the mood of
the individual [20]. A prospective cohort study of 157
pregnant women with TPL diagnosis showed that mid-
dle- and high-cortisol levels in women with TPL diagno-
sis before 29 weeks of gestation predicted earlier birth
date [8]. Previous empirical studies revealed that both
hormones showed variations in their rhythmical secre-
tion according to the individual’s sleep state [21].

In China, TPL accounts for approximately 15% of high-
risk pregnancies [22]. Following the universal two-child
policy implemented in China since October 2015, the
incidence of TPL among women with advanced maternal
age increased [23]. To our knowledge, few studies have
investigated the mental health, and no studies have yet
evaluated the sleep—wake cycle, the concentration and
circadian rhythm of cortisol and melatonin in pregnant
women with TPL. It is necessary to comprehensively
understand the mental health, sleep quality, and circa-
dian rhythm of pregnant women for the protection of
maternal health and infant development.

We hypothesized that TPL may result in biopsycholog-
ical responses in pregnant women. Such responses may
include disruption of the circadian rhythm of hormone
secretion (i.e., salivary cortisol and melatonin), develop-
ment of anxiety and depression symptoms, and distur-
bance of sleep (i.e., perceived sleep quality and actigraphy
sleep outcomes). To test this hypothesis, a prospective
observational study was conducted in pregnant women
with TPL diagnosis and NPW between 32 and 36 weeks
of gestation.

Methods

Study design and participants

A prospective observational clinical study was conducted
at a maternal and child health hospital in Fuzhou, China,
between June and July 2022. Pregnant women diagnosed
with TPL (TPL group) and NPW (NPW group) were
recruited from the maternity clinics and wards, respec-
tively. The inclusion criteria were: (1) age>18 vyears;
(2)>32 and <37 weeks pregnant; and (3) diagnosis of
TPL upon admission at the hospital for women in the
TPL group. Exclusion criteria were: (1) previous diagno-
sis of psychiatric disorders; (2) fetuses with deformity or
defect detected by ultrasound; (3) previous severe obstet-
ric complications (e.g., intrauterine growth restriction,
placenta abruption, preeclampsia); and (4) sedatives or
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hypnotics were used during hospitalization. This study
was approved by the Fujian Medical University Research
Ethics Boards and registered at the Chinese Clinical Trial
Registry (No. ChiCTR2200060674). All participants pro-
vided written informed consent prior to enrolment in the
study. The participants could withdraw from the study at
any time.

Sample size

G-power Version 3.1.9.4 was used to calculate the sam-
ple size [24]. On the basis of our preliminary experiment
results, the effect size of 1.15 was adopted for the sample
size calculation. With a power of 0.90, an alpha of 0.05
(two-sided), the calculated sample size was 34 pregnant
women (17 in each group). After adjusting for an attrition
rate of 20%, the final required sample size was 40 (20 in
each group).

Salivary sample collection and measurement

For each participant, salivary samples (2 ml) were col-
lected once every 6 h (i.e., at 06:00, 12:00, 18:00, and
00:00) during 2 consecutive days. At the time of enrol-
ment, a researcher instructed the participants on the
method of sample collection and storage. Saliva was col-
lected using the sterile cotton ball-soaking method. The
participants were requested to refrain from eating or
brushing their teeth for 30 min prior to sample collec-
tion. For the collection, the participants were instructed
to place one cotton ball under their tongue for 3—5 min
until it was moist, and squeeze it into the marked black
test tube while wearing sterile gloves. Thereafter, the
samples were transferred to a refrigerator (—80 °C) by
the researcher for subsequent analysis of hormone con-
centration. Cortisol was measured using a cortisol com-
petitive enzyme linked immunosorbent assay (ELISA) kit
(MULTISCIENCES, Hangzhou, China), while melatonin
was measured using a melatonin ELISA kit (IBL Interna-
tional GmbH, Hamburg, Germany).

Circadian rhythm parameters

Saliva cortisol and melatonin levels were dynamically
measured every 6 h (i.e., at 06:00, 12:00, 18:00, and 00:00)
on eight time-points. Circadian rhythm parameters were
calculated based on cosinor regression y=a+bXcos
(xx1m/12—cxm/12), in which a, b, and c represent
mesor, amplitude, and acrophase [25, 26], respectively.
The mesor is the mean of all values across the circadian
rhythm [26]. The amplitude is half the difference between
the highest and the lowest points of the cosine function
[26]. The acrophase represents the time point when the
circadian cycle reaches the peak value [26].
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Instruments

Demographic data

A standard demographic questionnaire was used by
uniformly trained researchers to collect demographic
data of pregnant women, such as age, gravidity, par-
ity (number), education, profession, body mass index,
gestational week, type of medical insurance, house-
hold monthly income per person, address, and type of
conception.

Psychological assessment

Depression was assessed using the Chinese version of the
Edinburgh Postnatal Depression Scale (EPDS) [27, 28] at
the time of enrolment. The EPDS is the most commonly
used self-report questionnaire to screen for perinatal
depression among maternal women. This questionnaire
consists of 10 items. Participants rated their feelings of
depression using a four-point scale (0—3). The total score
ranged 0-30, with higher scores indicating a higher likeli-
hood of developing depression. A score of 10 was set as
the cutoff value denoting symptoms of depression [27,
29]. The Chinese version of EPDS has demonstrated good
reliability and validity (Cronbach’s a value: 0.79; half-
coefficient: 0.76) [29].

Anxiety was assessed using the Chinese version of
Zung’s Self-rating Anxiety Scale (SAS) [30, 31] at the
time of enrolment. This is a 20-item self-report ques-
tionnaire that covers a variety of anxiety symptoms, both
psychological and somatic present in the previous week.
It utilizes a four-point Likert scale, with scores ranging
from 1 (none, or a little of the time) to 4 (most, or all of
the time). The numbers of reverse scoring items are 5, 9,
13, 17, and 19. The raw score of SAS is the cumulative
score of each item. The standard score is the raw score
multiplied by 1.25. The Chinese version of the SAS has
demonstrated good reliability and validity (Cronbach’s a
value: 0.80) [32].

Sleep measurements

Subjective sleep quality was assessed using the Chi-
nese version of the Pittsburgh Sleep Quality Index
(PSQI) [33]. PSQI is a self-rating scale used to assess
sleep quality over the past month. The scale contains
seven subscales: subjective sleep quality (item 6), sleep
latency (items 2 and 5a), sleep duration (item 4), habit-
ual sleep efficiency (items 1, 3, and 4), sleep disturbance
(items 5b —5j), use of sleep medication (item 7), and
daytime dysfunction (items 8 and 9). Each subscale is
scored from O to 3. A global PSQI score is calculated
by summing the scores of the seven subscales. A total
score>5 indicates poor sleep quality. The Chinese
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version of the PSQI has demonstrated good reliability
and validity (Cronbach’s « value: 0.89) [33].

Sleep—wake patterns were determined using a watch-
sized actigraphy device (WGT3X-BT; ActiGraph, LLC,
USA) placed on the non-dominant wrist of the partici-
pants each day and night, except when bathing, for 2
consecutive days. Participants were instructed to wear
the actigraphy device. The obtained data reflected the
objective sleep quality, including sleep onset latency,
sleep efficiency, total sleep time, wake time after sleep
onset, the number of awakenings and average awaken-
ing time. Wake time after sleep onset refers to the min-
utes of a participant was awake between sleep onset
and sleep offset; Number of awakenings refers to the
count of instances when the participant woke up (for
1 or more minutes) during the sleep; Average awaken-
ing time is the average number of minutes the partici-
pant was awake per episode of awakening during the
sleep. Moreover, participants were asked to record the
time they went to bed and woke up each day. The data
recorded by the actigraphy device were downloaded
and analyzed using the ActiLife software (Version 6.1
1.4; ActiGraph, LLC, USA).

Statistical analysis

Statistical analyses were performed using the SPSS
software (version 20.0; SPSS Inc., Armonk, NY, USA).
Missing items in the questionnaires were not included
in the summed scores, and single questionnaires
with>20% missing items were discarded. Hormone
measurements were performed using data from partici-
pants who completed all collections of saliva samples.
Descriptive statistics were used to summarize baseline
demographics and outcomes. Normal distribution was
tested using the Kolmogorov—Smirnov test. Categorical
variables were presented as frequencies with percent-
ages. Continuous data with a normal distribution were
presented as the mean + standard deviation (SD). Con-
tinuous data with a non-normal distribution were pre-
sented as the median and quartile. The between-group
differences were compared with a chi-squared test for
categorical variables, an independent-samples ¢-test
for continuous variables, or a Mann—Whitney U test
for the non-normal variables. A 5% level of significance
was used in the present study, and two-sided P-values
denoted statistically significant differences. A 24-h
period cosine curve fits were performed in Python (ver-
sion 3.9, Python Software Foundation) using a Non-
linear least squares method. The significance of the
circadian fit was assessed by a Pearson correlation test
with 95% confidence. For P<0.05, circadian rhythmic-
ity was considered significant.
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Results

Participant characteristics

Of the 68 women with TPL admitted to the obstetric
ward during the study period, 40 were eligible for inclu-
sion in the study. Twenty cases were excluded due to
incomplete sample collection; thus, the number of par-
ticipants included in the final analysis was 20. Thirty
pregnant women who were admitted to the hospital
during the same period for normal labor examina-
tion were included as controls. There were no signifi-
cant differences in socio-demographic characteristics

between the TPL and the NPW groups (Table 1).

Table 1 Participant characteristics

Variable TPL(n=20) NPW (n=30) X%/t P
Age (years) 0.062 0.803
<35 18(90.0%) 25(83.3%)
>35 2(10.0%) 5(16.7%)
Gravidity (humber) 0.000 1.000
once 8(40.0%) 12(40.0%)
more than once 12(60.0%) 18(60.0%)
Parity 0231 0.765
Nulliparous (0) 12(60.0%) 20(66.7%)
Multiparous (1-3) 8(40.0%) 10(33.3%)
Education 6.150 0.059
<Junior high school 1(5.0%) 4(13.3%)
Senior high school 8(40.0%) 3(10.0%)
University/College 11(55.0%) 21(70.0%)
>master's degree 0 2(6.7%)
Profession 4.098 0.268
Housewife 8(40.0%) 5(16.7%)
Official 3(15.0%) 10(33.3%)
Unofficial 8(40.0%) 13(43.3%)
Self-employed 1(5.0%) 2(6.7%)
Body mass index (kg/m?) 2467+205 2546+195 1381 0.174
Gestational age (week) 33.25+159 33.80+145 1.267 0211
Type of medical insurance 3.803 0.071
Resident 10(50.0%) 7(23.3%)
Staff 10(50.0%) 23(76.7%)
Household monthly income per person 3.100 0.381
<¥3000 0 2(6.7%)
¥3001-¥5000 8(40.0%) 6(20.0%)
¥5001-¥8000 8(40.0%) 13(43.3%)
>¥8000 4(20.0%) 9(30.0%)
Address 0.062 0.803
Town 2(10.0%) 5(16.7%)
City 18(90.0%) 25(83.3%)
Type of conception / 0.140
Natural 20(100.0%)  26(86.7%)
Assisted 0 4(13.3%)

The categorical variables are expressed as n (%). Normal data are given as

mean +SD
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Table 2 Anxiety, depression, and self-reported sleep
Variable TPL (n=20) NPW (n=30) Z/t P
SAS score 41.20+£4.538 4207 +7.066 0.528 0.600
EPDS score 6.50(3.25~9.00) 6.00(3.00~7.75) -0.289 0.773
PSQl score 575+1.943 6.83+2321 1.722 0.091
Sleep quality 1.00(1.00~ 1.00) 1.00(1.00~2.00) -1.232 0218
Sleep latency 1.00(0.25 ~2.00) 1.00(1.00~2.00) -0.986 0324
Sleep duration 0.00(0.00~1.00) 1.00(0.00~ 1.00) -1.022 0.307
Habitual sleep efficiency 0.00(0.00 ~0.00) 0.00(0.00 ~ 1.00) -0.807 0419
Sleep disturbance 1.00(1.00~2.00) 50(1.00~2.00) -0.688 0491
Use of sleeping medication 0.00(0.00 ~0.00) 0.00(0.00 ~0.00) -0.816 0414
Daytime dysfunction 1.00(1.00~2.00) 2.00(1.00~2.00) -1.643 0.100
Normal data are given as mean + SD, whereas non-normal data are expressed as median (25th percentile, 75th percentile)
Table 3 Actigraphy variables
Variable TPL (n=14) NPW (n=14) Z/t P
Sleep onset latency (min) 2.50(0.38~16.00) 5.75(0.00 ~ 24.50) -0.047 0.963
Sleep efficiency (%) 60.36+11.58 76.00+12.28 3.467 0.002
Total sleep time (min) 31093 +69.86 370.68+57.09 2478 0.020
Wake time after sleep onset (min) 196.29 +60.32 105.18 +60.39 -3.994 <0.001
Number of awakenings 25714583 22211111 -1.044 0.306
Average awakening time (min) 7.59(6.36~9.34) 3.89(3.47 ~6.79) -2.895 0.004

Normal data are given as mean + SD, whereas non-normal data are expressed as median (25th percentile, 75th percentile)

Mental health

The results did not show significant differences in psy-
chological outcomes between the TPL and NPW groups
(P>0.05). The mean SAS score in the TPL and NPW
groups was 41.20 (SD=4.538) and 42.07 (SD=7.066),
respectively (Table 2). Of the 50 pregnant women in our
study, 14% reported anxiety symptoms and 28% reported
depression symptoms. Only one woman in the TPL
group had a SAS score>50 (indicating at least symp-
toms of anxiety) compared with six in the NPW group.
The median EPDS score was 6.50 and 6.00, respectively.
A total of seven women in the TPL group (35%) had an
EPDS score > 10 (indicating at least symptoms of depres-
sion) compared with seven (23.34%) in the NPW group.
The mean PSQI score was 5.75 (SD=1.943) and 6.83
(SD=2.321), respectively (Table 2).

Sleep quality

Self-reported sleep

Regarding self-reported sleep measures, Table 2 shows
that the PSQI scores of the participants were not sig-
nificantly different between the two groups (P> 0.05).
There were no differences found between the two groups
in sleep quality (Z=-1.232, P=0.218), sleep latency
(Z=-0.986, P=0.324), sleep duration (Z=-1.022,
P=0.307), habitual sleep efficiency (Z=-0.807,

P=0.419), sleep disturbance (Z=-0.688, P=0.419), use
of sleeping medication (Z=-0.816, P=0.414), and day-
time dysfunction (Z=-1.643, P=0.100) (Table 2).

Actigraphy

Table 3 presents the baseline sleep characteristics deter-
mined from the 2 days of actigraphy monitoring and
demonstrates the differences in sleep-awake patterns
between the groups. The results of the Mann—Whit-
ney U test did not show significant differences in sleep
onset latency and number of awakenings between the
two groups (P>0.05). In contrast, significant differences
were found in sleep efficiency (Z=3.467, P=0.002), total
sleep time (Z=2.478, P=0.020), wake time after sleep
onset (Z=-3.994, P<0.001), and average awakening time
(Z=-2.895, P=0.004).

Melatonin concentration and circadian rhythm parameters
Circadian variations in melatonin secretion are illus-
trated in Fig. 1 and Table 4. The circadian rhythm of
melatonin secretion was disrupted in the TPL group
(P=0.350); however, it was maintained in the NPW
group (P=0.044). Compared with the TPL group,
melatonin levels, mesor values, and amplitude were
significantly different in the NPW group (all P<0.05).
Repeated measures analysis of variance revealed
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Fig. 1 Circadian rhythm of saliva melatonin and cortisol secretion
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The upper part (A, B) was a cosine curve, and the lower part (C, D) was a continuous clock face from 00:00 to 24:00, as computed by the cosinor

method. The last point in each clock was a duplicate of the start point, which was for visualizing periodically. And the data was subsequently
smoothed with the cosinor method curve-fitting procedure (Python 3.9: Python Software Foundation). The acrophase was the phase of the
maximal value assumed by the curve, and horizontal and vertical lines represented mesor and amplitude, respectively in figures (A, B). The

goodness of rhythmicity (R> and p-value) was shown on the top, and the black bar indicated the night or light-off period (20:00-06:00), and grey
bars represented the day or light-on period (06:00-20:00) at the bottom of the lower figures (A, B). The amplitude and acrophase of a rhythm were
plotted on a continuous clock face from 0:00 to 24:00, and the acrophase was indicated by the angle of a vector whose length corresponds to the

amplitude in figures (C, D)

Table 4 Rhythm markers of cortisol and melatonin

Variable TPL (n=20) NPW (n=30) V4 P
Melatonin
Levels (pg/ml) 51.87(15.83 ~249.80) 23.62(13.77 ~39.64) 7821(U Value) <0.001
Mesor (pg/ml) 104.10(29.24 ~195.40) 31.46(18.41~68.25) 398(U Value) 0.001
Amplitude (pg/ml) 90.33(21.15~193.40) 1843(7.96~68.37) 421(U Value) 0.003
Acrophase (h) -0.02(-0.79~1.26) 0.17(-0.54~1.77) 608(U Value) 0323
Cortisol
Levels (ng/ml) 3.93(2.96~5.62) 2.78(2.25~4.02) 9454(U Value) <0.001
Mesor (ng/ml) 4.26(3.47 ~6.63) 3.71(259~5.16) 686(U Value) 0.027
Amplitude (ng/ml) 1.34(0.94~3.02) 1.82(0.55~4.33) 946(U Value) 0.962
Acrophase (h) 2.84(4.39~0.06) 4.34(2.67~4.59) 702(U Value) 0.037

Non-normal data are expressed as median (25th percentile,75th percentile)

a significant interaction between time (F=4.522, Cortisol concentration and circadian rhythm parameters
P=0.004) and group (F=28.57, P<0.001) in terms of Circadian variations in cortisol secretion are presented
melatonin levels (Table 5). in Fig. 1 and Table 4. The circadian rhythm of cortisol
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Table 5 Melatonin and cortisol concentrations

Variable Time Group Time*group
Melatonin

Levels F=4.522,P=0004 F=2857P<0001 F=0817,P=0485
Cortisol

Levels F=30400,P<0001 F=10.200P=0.002 F=1280,P=0.281

Time*Group: time means from the first to the last saliva collection and group
means comparison between the two groups

secretion was both disrupted in the TPL group (P=0.225)
and the NPW group (P=0.134). Compared with the TPL
group, cortisol levels, mesor values, and acrophase were
significantly different in the NPW group (all P<0.05).
Repeated measures analysis of variance revealed a signifi-
cant interaction between time (F=30.400, P<0.001) and
group (F=10.200, P=0.002) in terms of cortisol levels
(Table 5).

Discussion

This prospective, observational clinical study compared
the anxiety, depression, sleep quality, and hormone cir-
cadian rhythms between pregnant women with TPL and
NPW. To our knowledge, this is the first study to evalu-
ate and compare the concentration and circadian rhythm
parameters of cortisol and melatonin in pregnant women
with TPL.

Mental health

Our results did not show significant differences in SAS
and EPDS scores among pregnant women with TPL and
NPW. Overall, 7 women (35%) in the TPL group had a
score of 10 or greater on the EPDS in our study, and were
thus identified as having antenatal depression. This rate is
higher than that reported in Greece [34]. This finding sci-
entifically responds to the on-going call for psychological
intervention to prevent antenatal depression in pregnant
women [35]. Generally, increased worry regarding life-
threatening complications for the baby is associated with
more severe symptoms of maternal anxiety or depres-
sion. Surprisingly, we found only one woman in the TPL
group had a SAS score > 50 (indicating at least symptoms
of anxiety) compared with six in the NPW group. Possi-
ble explanations for these observations are that hospital-
ized pregnant women felt more confident, worried less
about their child’s health, and experienced less anxiety
as their health problems were resolved. This is consistent
with the results of another study [36]. In addition, we also
consider the results may be affected by confounding fac-
tors, such as environmental change or humanistic care in
the hospital. Pregnant women in our study experienced
individual episodes of anxiety and depression. Of the 50
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pregnant women, 14% reported anxiety symptoms; this
rate is lower than that observed in the general population
(28.8%). In addition, 28% of pregnant women reported
depression symptoms; this rate is higher than that noted
in the general population (16.5%) [37]. These findings
suggested that attention should be paid to the mental
health of pregnant women in the third trimester, particu-
larly symptoms of depression.

Sleep quality

Our results did not show significant differences in
PSQI scores among pregnant women with TPL and
NPW, indicating no difference in subjective sleep qual-
ity. Nevertheless, significant differences were found in
sleep efficiency, total sleep time, wake time after sleep
onset, and average awakening time based on the actig-
raphy data, indicating that NPW had better objective
sleep quality than those with TPL. In our study, the
mean total PSQI scores in both groups were>5, sug-
gesting that all women in the third trimester experience
poor subjective sleep quality regardless of the pres-
ence of TPL. Similar to the study conducted by Zhou
et al. [38]. All these suggested that the clinical staff
should pay attention to the pregnant women in sleep
quality, especially in the third trimester. The minutes
of awaking between sleep onset and sleep offset, and
the average number of minutes awaking per episode
of awakening during the sleep, were higher in the TPL
group versus the NPW group. The sleep efficiency was
opposite. The findings of actigraphy data revealed that
pregnant women with TPL had worse sleep quality
than NPW, which supported our hypothesis. A possible
explanation for this finding is that worry in pregnant
women with TPL regarding the health of their children
and environmental changes led to poor sleep quality.

In this study, there were differences in the subjec-
tive and objective results of sleep quality between the
two groups, indicating low consistency between the two
assessment methods. Low agreement between the PSQI
and actigraphy measures was previously observed in a
pregnant women sample [39]. The low agreement is likely
related to the fact that actigraphy measures sleep in real
time over several nights, whereas the PSQI asks women
to retrospectively rate their sleep during the last month.
Retrospective recall may hinder accuracy, as it could be
impacted by several bad nights and other biases. Actig-
raphy should be used for 3 days or more to get more
accurate results. However, in order to be consistent with
the timing of hormone collection, only two days of the
actigraphy were used in this study. We suggest that the
objective sleep of pregnant women can be monitored for
a longer time with the actigraphy in the actual clinical
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work in the future, so as to provide more accurate sleep
quality.

The circadian rhythm of melatonin and cortisol
The circadian rhythm plays an important role as the
clock of the human body, regulating physiological
changes according to a 24-h light—dark cycle [40]. In pre-
vious studies, melatonin and cortisol have been widely
used to examine the circadian rhythm [21]. In view of
the importance of circadian rhythm, the present study
pay attention to the circadian rhythm of hormone secre-
tion in pregnant women, but the limitation was that it
did not focus on the hormone concentrations at a single
time point. Our results of hormone analysis showed that
the circadian rhythm of saliva cortisol secretion was dis-
rupted in the third trimester of pregnancy. Although the
circadian rhythm of melatonin secretion was disrupted in
pregnant women with TPL, it was maintained in NP'W.
Melatonin is thought to regulate the sleep/wake cycle
in humans [41], and maternal melatonin is involved
in fetal development [42]. In our study, the circadian
rhythm of melatonin secretion was disrupted in the TPL
group; however, it was maintained in the NPW group. A
possible explanation for this observation is that the cir-
cadian rhythm of melatonin secretion in women hospi-
talized for TPL was disrupted by changes in nighttime
light exposure (e.g., nighttime ward rounds and changes
in sleep conditions). A systematic review revealed that
light exposure affects the secretion of melatonin [43].
Moreover, a previous study demonstrated that women
who developed comorbidities during pregnancy had
lower daytime melatonin levels [18]. Our results differed;
the levels of melatonin were higher in the TPL group ver-
sus the NPW group, possibly because we collected saliva
from pregnant women throughout the day rather than
only during daytime. Melatonin levels were low during
the day, increased at night, peaking in the middle of the
night, and gradually decreased thereafter [44]. Based on
our results, the peak of melatonin secretion was observed
at 22:00 in the TPL group and at 00:00 in the NPW
group. The peak point of melatonin secretion was earlier
in the TPL group versus the NPW group, which may be
explained by the earlier sleep time of pregnant women in
the hospital compared with that of NPW at home. The
lack of activity and the suspension of work and study may
have contributed to the earlier sleep time of pregnant
women in hospital versus those at home. Thus, the dif-
ference in the concentration and secretion of melatonin
between the TPL and NPW groups may be attributed to
the stress induced by TPL, which affected the sleep hab-
its of pregnant women. This study yielded preliminary
findings with regard to the disruption of the circadian
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rhythms of cortisol and melatonin secretion in women
diagnosed with TPL.

Cortisol is thought to be a valuable potential marker of
stress [45], and maternal peripheral cortisol levels may
affect fetal brain development [46]. Our results revealed
that the circadian rhythm of cortisol secretion was dis-
rupted regardless of the occurrence of TPL. A possible
explanation for this rhythm disruption is that cortisol
secretion is increased in pregnant women in the third tri-
mester of pregnancy. As reported by Lazarides et al. [47],
the levels of maternal cortisol increased with advanc-
ing gestation. A study suggested that women with nega-
tive expectancies concerning future stressful events may
become more sensitive to such events, reflecting an exac-
erbated hypothalamic—pituitary—adrenal axis response
to stress [48]. Similarly, pregnant women with TPL may
have a negative view of their situation, which increases
cortisol secretion. In the present study, the levels of corti-
sol were higher in the TPL group versus the NPW group.
In addition, a previous study [49] found that poor subjec-
tive sleep quality in pregnant women was associated with
higher concentrations of cortisol. This was consistent
with our findings; the TPL group, which was character-
ized by poor sleep quality, showed higher cortisol con-
centration. Cortisol levels are highest between 7 a.m. and
8 a.m. [45]. This was consistent with our findings (i.e., the
concentration of cortisol varied at different time points,
and the peak of cortisol secretion in both groups was
recorded around 07:00). It is suggested that the stressful
event of TPL affected the mood and sleep of pregnant
women, subsequently leading to the change in cortisol
secretion. Nonetheless, further investigation is warranted
to verify our results and identify the reasons for the dis-
ruption of the circadian rhythm of cortisol secretion in
pregnant women with TPL.

Limitations

Our study had several limitations. Firstly, the TPL group
collected data in hospital, while the NPW group com-
pleted the collection at home, which may result in inter-
ference of outcome measurements by environment
factors. Secondly, our investigation was a preliminary
exploratory study with a small sample size and a single
center. Additional studies with larger sample sizes are
warranted to confirm the current findings.

Conclusions

The present study did not reveal differences in anxiety,
depression, and subjective sleep quality between preg-
nant women with TPL and NPW. However, objective
sleep quality and the circadian rhythm of melatonin secre-
tion differed between the two groups. The effects may be
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influenced by other factors, such as changes in the hospi-
tal environment and individual differences. Clinical staff
should pay close attention to the sleep conditions and the
disruption of the circadian rhythm of melatonin secretion
in pregnant women with TPL. Certain measures (e.g., cen-
tralized related therapeutic procedures during the day, and
reduction of procedures and exposure to light at night) may
help improve the sleep quality and regulate the circadian
rhythm of melatonin secretion in pregnant women diag-
nosed with TPL.

Abbreviation

TPL Threatened preterm labor

NPW Normal pregnant women

SAS Self-rating Anxiety Scale

EPDS Edinburgh Postnatal Depression Scale
PsQl Pittsburgh Sleep Quality Index

Acknowledgements

We would like to thank the faculty at the Fujian Maternity and Child Health
Hospital (Fuzhou, China), as well as the participants for their time and for shar-
ing their information. We would like to thank Dr. Hang Yu for his expertise on
statistical analysis.

Authors’ contributions

XJW designed the study, performed data collection, and wrote the manu-
script. XTL and NC participated in data collection, data entry, statistical
analysis, and writing of the manuscript. LH participated in statistical analysis
and writing of the manuscript. SXH and TTC participated in data collection.
GHL and RFH designed the study and participated in the coordination. XJW,
XTL, and NC contributed to this work equally. All authors read and approved
the final version of the manuscript.

Funding

This study was supported by the Fujian Province Science and Technology
Planning Project (grant number: 201910012). The funding organization was not
involved in the study design, data collection, analysis, and interpretation, as
well as writing of the manuscript.

Availability of data and materials
Datasets used and analyzed during this study are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All the procedures performed in this study that involved human subjects were
in full compliance with the ethical standards of the institutional and national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Ethical approval was obtained
from the medical research ethics committee of Fujian Medical University
(Number: 2022067) to conduct the research. The study was registered from
Chinese Clinical Trial Registry (Number: ChiCTR2200060674) on 07/06/2022.
All the participants submitted written informed consent before enrolment in
the study. The study is performed in accordance with the relevant guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
'School of Nursing, Fujian Medical University, 1 Xue Yuan Road, University
Town, Fujian, Fuzhou, China.

Page 9 of 10

Received: 19 November 2022 Accepted: 20 June 2023
Published online: 07 July 2023

References

1. Cash RE, Swor RA, Samuels-Kalow M, Eisenbrey D, Kaimal AJ, Camargo CA
Jr.Frequency and severity of prehospital obstetric events encountered
by emergency medical services in the United States. BMC Pregnancy
Childbirth. 2021;21(1):655. https://doi.org/10.1186/512884-021-04129-1.

2. Luechathananon S, Songthamwat M, Chaiyarach S. Uterocervical angle
and cervical length as a tool to predict preterm birth in threatened pre-
term labor. Int J Womens Health. 2021;13:153-9. https://doi.org/10.2147/
JWH.S283132.

3. Sileo FG, Inversetti A, Bonati F, Celora G, Donno V, Giuliani GA, et al.
Screening for low-tract genital infections in women with threatened
preterm labor: Which role? Gynecol Obstet Invest. 2022;87(3-4):184-90.
https://doi.org/10.1159/000525245.

4. Gagnon LC, Allen VM, Crane JM, Jangaard K, Brock JA, Woolcott CG. The
association between threatened preterm labour and perinatal outcomes
at term: A population-based cohort study. BJOG. 2021;128(7):1145-50.
https://doi.org/10.1111/1471-0528.16598.

5. Risnes K, Bilsteen JF, Brown P, Pulakka A, Andersen AN, Opdahl S, et al.
Mortality among young adults born preterm and early term in 4 Nordic
nations. JAMA Netw Open. 2021;4(1):e2032779.

6. Frey HA, Klebanoff MA. The epidemiology, etiology, and costs of preterm
birth. Semin Fetal Neonatal Med. 2016;21(2):68-73. https://doi.org/10.
1016/j.5iny.2015.12.011.

7. Garcia-Blanco A, Diago V, Serrano De La Cruz V, Hervés D, Chéfer-Pericas
C,Vento M. Can stress biomarkers predict preterm birth in women with
threatened preterm labor? Psychoneuroendocrinology. 2017;83:19-24.
https://doi.org/10.1016/j.psyneuen.2017.05.021.

8. Campos-Berga L, Moreno-Giménez A, Vento M, Diago V, Hervas D,

Saenz P, et al. Cumulative life stressors and stress response to threat-
ened preterm labour as birth date predictors. Arch Gynecol Obstet.
2022;305(6):1421-9. https://doi.org/10.1007/500404-021-06251-z.

9. Carter J, Tribe RM, Shennan AH, Sandall J. Threatened preterm labour:
Women'’s experiences of risk and care management: A qualitative study.
Midwifery. 2018;64:85-92. https://doi.org/10.1016/j.midw.2018.06.001.

10. Toscano M, Royzer R, Castillo D, Li D, Poleshuck E. Prevalence of
depression or anxiety during antepartum hospitalizations for obstetric
complications: A systematic review and meta-analysis. Obstet Gynecol.
2021;137(5):881-91. https://doi.org/10.1097/A0G.0000000000004335.

11. Najjarzadeh M, Abbasalizadeh S, Mohammad-Alizadeh-Charandabi S,
Asghari-Jafarabadi M, Mirghafourvand M. Perceived stress and its predic-
tors in women with threatened preterm labour: A cross-sectional study.
Nurs Open. 2022;9(1):210-21. https://doi.org/10.1002/nop2.1055.

12. NiQ, Cheng G, Chen A, Heinonen S. Early detection of mental illness
for women suffering high-risk pregnancies: an explorative study on
self-perceived burden during pregnancy and early postpartum depres-
sive symptoms among Chinese women hospitalized with threatened
preterm labour. BMC Psychiatry. 2020;20(1):250. https://doi.org/10.1186/
512888-020-02667-0.

13. Staneva A, Bogossian F, Pritchard M, Wittkowski A. The effects of maternal
depression, anxiety, and perceived stress during pregnancy on preterm
birth: A systematic review. Women Birth. 2015;28(3):179-93. https://doi.
0rg/10.1016/jwombi.2015.02.003.

14. LuQ, Zhang X, Wang Y, Li J, Xu'Y, Song X, et al. Sleep disturbances during
pregnancy and adverse maternal and fetal outcomes: A systematic
review and meta-analysis. Sleep Med Rev. 2021;58:101436.

15. Tomfohr-Madsen L, Rioux C, MacKinnon A, Silang K, Roos L, Lebel C,
et al. Sleep and mental health in pregnancy during COVID-19: A parallel
process growth model. Sleep Health. 2022;8(5):484-90. https://doi.org/
10.1016/j.sleh.2022.05.011.

16. Medic G, Wille M, Hemels ME. Short- and long-term health consequences
of sleep disruption. Nat Sci Sleep. 2017,9:151-61. https://doi.org/10.2147/
NSS.5134864.

17. Touitou'Y, Reinberg A, Touitou D. Association between light at night,
melatonin secretion, sleep deprivation, and the internal clock: Health
impacts and mechanisms of circadian disruption. Life Sci. 2017;173:94—
106. https://doi.org/10.1016/j.1fs.2017.02.008.


https://doi.org/10.1186/s12884-021-04129-1
https://doi.org/10.2147/IJWH.S283132
https://doi.org/10.2147/IJWH.S283132
https://doi.org/10.1159/000525245
https://doi.org/10.1111/1471-0528.16598
https://doi.org/10.1016/j.siny.2015.12.011
https://doi.org/10.1016/j.siny.2015.12.011
https://doi.org/10.1016/j.psyneuen.2017.05.021
https://doi.org/10.1007/s00404-021-06251-z
https://doi.org/10.1016/j.midw.2018.06.001
https://doi.org/10.1097/AOG.0000000000004335
https://doi.org/10.1002/nop2.1055
https://doi.org/10.1186/s12888-020-02667-0
https://doi.org/10.1186/s12888-020-02667-0
https://doi.org/10.1016/j.wombi.2015.02.003
https://doi.org/10.1016/j.wombi.2015.02.003
https://doi.org/10.1016/j.sleh.2022.05.011
https://doi.org/10.1016/j.sleh.2022.05.011
https://doi.org/10.2147/NSS.S134864
https://doi.org/10.2147/NSS.S134864
https://doi.org/10.1016/j.lfs.2017.02.008

Wang et al. BMC Pregnancy and Childbirth (2023) 23:501

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

Shimada M, Seki H, Samejima M, Hayase M, Shirai F. Salivary melatonin
levels and sleep-wake rhythms in pregnant women with hypertensive
and glucose metabolic disorders: A prospective analysis. Biosci Trends.
2016;10(1):34-41. https://doi.org/10.5582/bst.2015.01123.

Koop S, Oster H. Eat, sleep, repeat - endocrine regulation of behavioural
circadian rhythms. Febs j. 2022,289(21):6543-58. https://doi.org/10.1111/
febs.16109.

Clow A, Smyth N. Salivary cortisol as a non-invasive window on the brain.
Int Rev Neurobiol. 2020;150:1-16. https://doi.org/10.1016/bs.irn.2019.12.
003.

Hofstra WA, de Weerd AW. How to assess circadian rhythm in humans: A
review of literature. Epilepsy Behav. 2008;13(3):438-44. https://doi.org/10.
1016/j.yebeh.2008.06.002.

Howson CP, Kinney MV, McDougall L, Lawn JE. Born too soon: preterm
birth matters. Reprod Health. 2013;10(Suppl 1):S1. https://doi.org/10.
1186/1742-4755-10-S1-S1.

Liao Z, Zhou'Y, Li H, Wang C, Chen D, Liu J. The rates and medical neces-
sity of cesarean delivery in the era of the two-child policy in Hubei and
Gansu Provinces. China Am J Public Health. 2019;109(3):476-82. https://
doi.org/10.2105/AJPH.2018.304868.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175-91. https://doi.org/10.3758/
bf03193146.

Liu L, Wang Z, Cao J, Dong Y, Chen Y. Effect of melatonin on monochro-
matic light-induced changes in clock gene circadian expression in the
chick liver. J Photochem Photobiol B. 2019;197:111537.

Marciniak M, Sato M, Rutkowski R, Zawada A, Juchacz A, Mahadea D,

et al. Effect of the one-day fasting on cortisol and DHEA daily rhythm
regarding sex, chronotype, and age among obese adults. Front Nutr.
2023;10:1078508. https://doi.org/10.3389/fnut.2023.1078508.

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression.
Development of the 10-item Edinburgh Postnatal Depression Scale. Br J
Psychiatry. 1987;150:782-6. https://doi.org/10.1192/bjp.150.6.782.

Lee DT, Yip SK, Chiu HF, Leung TY, Chan KP, Chau IO, et al. Detecting post-
natal depression in Chinese women. Validation of the Chinese version of
the Edinburgh Postnatal Depression Scale. Br J Psychiatry. 1998;172:433—
7. https://doi.org/10.1192/bjp.172.5.433.

Wang Y, Guo X, Lau'Y, Chan KS, Yin L, Chen J. Psychometric evaluation of
the Mainland Chinese version of the Edinburgh Postnatal Depression
Scale. Int J Nurs Stud. 2009;46(6):813-23. https://doi.org/10.1016/j.ijnur
stu.2009.01.010.

Zung WW. A rating instrument for anxiety disorders. Psychosomatics.
1971;12(6):371-9. https://doi.org/10.1016/S0033-3182(71)71479-0.
Wang Z. Chinese version of Zung's Self-rating Anxiety Scale. J Shanghai
Psy. 1984;2:73-4.

Gao LL, Ip WY, Sun K. Validation of the short form of the Chinese
Childbirth Self-Efficacy Inventory in mainland China. Res Nurs Health.
2011;34(1):49-59. https://doi.org/10.1002/nur.20400.

Liu XC, Tang MQ. Reliability and validity of the Pittsburgh Sleep Quality
Index. Chin J Psy. 1996;29(2):103-7.

Dagklis T, Tsakiridis I, Chouliara F, Mamopoulos A, Rousso D, Athanasiadis
A, et al. Antenatal depression among women hospitalized due to threat-
ened preterm labor in a high-risk pregnancy unit in Greece. J Matern
Fetal Neonatal Med. 2018,;31(7):919-25. https://doi.org/10.1080/14767
058.2017.1301926.

Yasuma N, Narita Z, Sasaki N, Obikane E, Sekiya J, Inagawa T, et al. Ante-
natal psychological intervention for universal prevention of antenatal
and postnatal depression: A systematic review and meta-analysis. J Affect
Disord. 2020;273:231-9. https://doi.org/10.1016/}.jad.2020.04.063.

Ucar N, Pinar SE. The hospital stressors and depression, anxiety levels

in pregnant women hospitalized due to preterm delivery: A follow-up
study. Perspect Psychiatr Care. 2020;56(2):290-6. https://doi.org/10.1111/
ppc.12426.

Wang C, Pan R, Wan X, TanY, Xu L, Ho CS, et al. Immediate psychologi-
cal responses and associated factors during the initial stage of the 2019
coronavirus disease (COVID-19) epidemic among the general population
in China. Int J Environ Res Public Health. 2020;17(5):1729. https://doi.org/
10.3390/ijerph17051729.

Page 10 of 10

38. ZhouH, LiW, RenY. Poor sleep quality of third trimester exacerbates
the risk of experiencing postnatal depression. Psychol Health Med.
2020;25(2):229-38. https://doi.org/10.1080/13548506.2018.1549738.

39. Volkovich E, Tikotzky L, Manber R. Objective and subjective sleep
during pregnancy: links with depressive and anxiety symptoms. Arch
Womens Ment Health. 2016;19(1):173-81. https://doi.org/10.1007/
s00737-015-0554-8.

40. Kaur S, Teoh AN, Shukri NHM, Shafie SR, Bustami NA, Takahashi M, et al.
Circadian rhythm and its association with birth and infant outcomes:
research protocol of a prospective cohort study. BMC Pregnancy Child-
birth. 2020;20(1):96. https://doi.org/10.1186/512884-020-2797-2.

41. Ferlazzo N, Andolina G, Cannata A, Costanzo MG, Rizzo V, Currd M, et al.
Is melatonin the cornucopia of the 21st Century? Antioxidants (Basel).
2020;9(11):1088. https://doi.org/10.3390/antiox9111088.

42. Hsu CN, Huang LT, Tain YL. Perinatal use of melatonin for offspring
health: Focus on cardiovascular and neurological diseases. Int J Mol Sci.
2019;20(22). https://doi.org/10.3390/ijms20225681.

43. Tahkamo L, Partonen T, Pesonen AK. Systematic review of light exposure
impact on human circadian rhythm. Chronobiol Int. 2019;36(2):151-70.
https://doi.org/10.1080/07420528.2018.1527773.

44. Laste G, Silva AAD, Gheno BR, Rychcik PM. Relationship between
melatonin and high-risk pregnancy: A review of investigations published
between the years 2010 and 2020. Chronobiol Int. 2021;38(2):168-81.
https://doi.org/10.1080/07420528.2020.1863975.

45. Chojnowska S, Ptaszyniska-Sarosiek |, Kepka A, Knas M, Waszkiewicz
N. Salivary biomarkers of stress, anxiety and depression. J Clin Med.
2021;10(3). https://doi.org/10.3390/jcm10030517.

46. Hendrix CL, Srinivasan H, Feliciano |, Carré JM, Thomason ME. Fetal hip-
pocampal connectivity shows dissociable associations with maternal cor-
tisol and self-reported distress during pregnancy. Life (Basel). 2022;12(7).
https://doi.org/10.3390/life12070943.

47. Lazarides C, Ward EB, Buss C, Chen WP, Voelkle MC, Gillen DL, et al. Psy-
chological stress and cortisol during pregnancy: An ecological momen-
tary assessment (EMA)-based within- and between-person analysis.
Psychoneuroendocrinology. 2020;121:104848.

48. Pulopulos MM, Baeken C, De Raedt R. Cortisol response to stress: the
role of expectancy and anticipatory stress regulation. Horm Behav.
2020;117:104587.

49. Bublitz MH, Bourjeily G, D'’Angelo C, Stroud LR. Maternal sleep qual-
ity and diurnal cortisol regulation over pregnancy. Behav Sleep Med.
2018;16(3):282-93. https://doi.org/10.1080/15402002.2016.1210147.

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

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.5582/bst.2015.01123
https://doi.org/10.1111/febs.16109
https://doi.org/10.1111/febs.16109
https://doi.org/10.1016/bs.irn.2019.12.003
https://doi.org/10.1016/bs.irn.2019.12.003
https://doi.org/10.1016/j.yebeh.2008.06.002
https://doi.org/10.1016/j.yebeh.2008.06.002
https://doi.org/10.1186/1742-4755-10-S1-S1
https://doi.org/10.1186/1742-4755-10-S1-S1
https://doi.org/10.2105/AJPH.2018.304868
https://doi.org/10.2105/AJPH.2018.304868
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.3389/fnut.2023.1078508
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.172.5.433
https://doi.org/10.1016/j.ijnurstu.2009.01.010
https://doi.org/10.1016/j.ijnurstu.2009.01.010
https://doi.org/10.1016/S0033-3182(71)71479-0
https://doi.org/10.1002/nur.20400
https://doi.org/10.1080/14767058.2017.1301926
https://doi.org/10.1080/14767058.2017.1301926
https://doi.org/10.1016/j.jad.2020.04.063
https://doi.org/10.1111/ppc.12426
https://doi.org/10.1111/ppc.12426
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.1080/13548506.2018.1549738
https://doi.org/10.1007/s00737-015-0554-8
https://doi.org/10.1007/s00737-015-0554-8
https://doi.org/10.1186/s12884-020-2797-2
https://doi.org/10.3390/antiox9111088
https://doi.org/10.3390/ijms20225681
https://doi.org/10.1080/07420528.2018.1527773
https://doi.org/10.1080/07420528.2020.1863975
https://doi.org/10.3390/jcm10030517
https://doi.org/10.3390/life12070943
https://doi.org/10.1080/15402002.2016.1210147

	Mental health, sleep quality, and hormonal circadian rhythms in pregnant women with threatened preterm labor: a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design and participants
	Sample size
	Salivary sample collection and measurement
	Circadian rhythm parameters
	Instruments
	Demographic data

	Psychological assessment
	Sleep measurements
	Statistical analysis

	Results
	Participant characteristics
	Mental health
	Sleep quality
	Self-reported sleep

	Actigraphy
	Melatonin concentration and circadian rhythm parameters
	Cortisol concentration and circadian rhythm parameters

	Discussion
	Mental health
	Sleep quality
	The circadian rhythm of melatonin and cortisol
	Limitations

	Conclusions
	Acknowledgements
	References


