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Abstract

Purpose Sleep disturbances, which are common during pregnancy, may compromise labor. Nevertheless, little is known
about associations between sleep disturbances and the likelihood of ending up induction of labor (IOL). Accordingly, we
aimed to evaluate the connections between sleep disturbances during pregnancy and IOL.

Methods Altogether 1778 women from the FinnBrain Birth Cohort Study with gestation weeks over 37 + 6 were enrolled
in the study. The women were divided into IOL (n=331) and spontaneous onset of labor (SOL, n=1447) groups. Sleep
disturbances in late pregnancy were evaluated using the Basic Nordic Sleep Questionnaire. Logistic regression analyses were
conducted with adjustments for age, body mass index, parity, smoking, and depressive symptoms.

Results Sleep disturbances were frequent in both IOL and SOL groups. In the IOL group 43.0% and in the SOL group 39.0%
had poor general sleep quality (P =0.186). Nocturnal awakenings occurred most commonly, in 94.0% and 93.9%, respec-
tively (P=0.653). In the IOL group, more women (22.7%) were habitual snorers than in the SOL group (17.0%, P=0.017),
however, the difference lost the statistical significance in adjusted analysis (P =0.848). Women in the IOL group were more
likely to be short sleepers (<7 h) compared to those in the SOL group (20.2% and 15.4%, respectively, P=0.034) with no
difference after adjustment (P =0.133). The two groups showed no differences in sleep loss (P =0.252).

Conclusions Deterioration in sleep quality was noticeable in pregnant women, but it was unconnected with IOL. As the
frequency of IOL is increasing, more research for related risk factors is needed.
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What does this study add to the clinical work

Sleep disturbances, especially insomnia symptoms,
occurred frequently in late pregnancy. However,
they were not associated with the likelihood of end-
ing up to induction of labor.

Introduction

The rate of induction of labor (IOL) is increasing [1].
Nowadays, 25-30% of labors are induced [2, 3]. The rise
in induction rates is partly explained by increased obesity
and maternal age [1, 4] and by knowledge about IOL tim-
ing in complicated pregnancies [5]. Other important factors
include women’s desire for IOL [6—8], maternal tiredness [6,
8, 9], and social reasons [10].

In pregnant women, sleep is commonly disrupted as a
result of multiple factors that vary along pregnancy, such
as hormonal and anatomical alterations, increased urinary
frequency and physical discomfort [11]. Sleep disturbances
are common during pregnancy and peak at the end of preg-
nancy [11-13]. In late pregnancy, insomnia symptoms, like
difficulty to fall asleep and nocturnal awakenings increase
and sleep duration decrease [12, 14, 15]. Additionally, sleep
disordered breathing (SDB), especially snoring [16], as well
as morning and daytime sleepiness [11, 12, 14] increase.

Sleep disturbances have shown to be associated with
pregnancy complications [17-19]. For example, women
with short or long sleep duration, or with SDB, have found
to have more pre-eclampsia and gestational diabetes [17],
complications which often may lead to IOL. In addition,
women with advanced age are at higher risk for adverse
obstetrical outcomes [20] and also in higher risk for sleep
disturbances [21], which accordingly increase the risk for
having IOL in those women. Sleep disturbances have been
shown to be related to labor as well. Women with sleep dis-
turbances experience more pain during delivery [22], have
longer duration of labor [23], and deliver at a lower ges-
tational age [24]. Short sleep duration, usually referred to
sleep under 7 h per night [25], increases risk for preterm
birth [18, 19] and cesarean section (CS) [23]. Furthermore,
SDB have been shown to be associated with increased risk
for preterm birth and CS [19].

Even though sleep disturbances during pregnancy have
shown to be associated with pregnancy and delivery com-
plications, little is known about direct associations with
IOL. One of the mediators between sleep disturbances and
IOL could be cytokines. For instance, there is a trend for
overexpression of anti-inflammatory T helper 2 lymphocyte
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produced cytokines (Th2 cytokines) in early pregnancy and
a shift towards a Th1 produced pro-inflammatory cytokine
profile when pregnancy proceeds towards labor [26]. Poor
sleep quality in late pregnancy has been related to increased
pro-inflammatory interleukin-6 concentration, one of the
Th1 cytokines [26]. Accordingly, sleep deprivation and
poor sleep quality have shown to increase pro-inflammatory
cytokine levels, and thus, it can be argued that sleep distur-
bances are stressors [26—28], which may also lead to IOL.
However, according to a sole previous study with 35 preg-
nant women, no differences were found in sleep duration and
nightly wake-up time between women with IOL and spon-
taneous onset of labor (SOL) [7]. In the present study, we
aimed to evaluate associations between sleep disturbances
and the likelihood to end up in IOL. We hypothesized that
women suffering from sleep disturbances, especially from
insomnia and sleepiness symptoms, SDB and sleep loss, are
more likely to have IOL.

Methods

Our study was a part of a larger population-based pregnancy
cohort, the FinnBrain Birth Cohort Study, conducted at
Turku University, Finland. In the cohort, families are fol-
lowed during pregnancy and years thereafter (www.finnb
rain.fi) [29]. The women were recruited from Turku and
Aland hospital districts at their routine ultrasound appoint-
ment in early pregnancy between 2011 and 2015. All vol-
unteers with adequate language skills to fill in the question-
naires were enrolled if they were willing to participate after
providing oral and written information and written consent.

The entire FinnBrain cohort consisted of 3808 women.
As our primary aim was to evaluate the likelihood to end
with IOL in full-term pregnancies, women with pregnancy
complications which could lead to IOL (e.g. pregnancy
hypertension/pre-eclampsia, pre-pregnancy diabetes mel-
litus, gestational diabetes with pharmacotherapy, choles-
tasis in pregnancy), as well as pregnancies with multiple
fetuses, breech presentation fetuses, delivery < 38 gestation
week (gwk), and planned CS were excluded. The research-
ers obtained IOL information from the Finnish Medical
Birth Register and rechecked it from medical records. In
the present study, the study population included all women
(n=1778) who answered the sleep questionnaire after deliv-
ery in the postpartum ward. Of them, the exact date of the
response was available in 1502 women, of which 1497 had
answered within seven days and five later (one in day 8,
one in day 9, one in day 12, one in day 16 and one in day
30). In 276 women, the date of the reply was missing in
the questionnaire. Two groups were formed: (1) IOL group
with 331 women and (2) control (SOL) group with 1447
women. Figure 1 shows a flowchart of the study. Background
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The FinnBrain cohort of

3808 pregnant women

enrolled during 2011-2015

Exclusion of 904 women
with diabetes mellitus,
gestational diabetes with
pharmacotherapy,
hypertension/pre-eclampsia,
cholestasis of pregnancy,
multiple pregnancy, breech
presentation of fetus and
planned cesarean section.

Y

3661 women with labor

Exclusion of 979 women
with no sleep data
(the Basic Nordic Sleep
Questionnaire)

1778 women
with uncomplicated pregnancies
» 37+6 gestation weeks

Spontaneous labor Induction of labor
n=1447 n=331

Fig.1 Flow chart of the study

information was drawn from the baseline questionnaire
assessed around gwk 14, including age (years), body mass
index (BMI; kg/m?), parity (primiparous/multiparous),
smoking (yes/no), and depressive symptoms (Edinburgh
Postnatal Depression Scale [EPDS]) [30] (Table 1).

The women were instructed to assess the occurrence of
the sleep disturbances during the past month by the Basic
Nordic Sleep Questionnaire (BNSQ) [31] with a five-point
scale including questions of ‘general sleep quality’, ‘dif-
ficulty to fall asleep/week’, ‘nocturnal awakenings/week
and/night’ (two separate questions), ‘awakening too early
in the morning (without being able to fall asleep again)/
week’, ‘snoring/week’ and ‘witnessed apneas/week’, ‘sleepi-
ness in the morning/week’, ‘daytime sleepiness/week’, and
‘daytime napping/week’ (Appendix 1). In addition, the sum
scores of Insomnia (‘difficulty to fall asleep/week’, ‘noc-
turnal awakenings/week’, and ‘awakening too early in the
morning/week’), SDB; ‘snoring/week’ and ‘witnessed
apneas/week’), and Sleepiness (‘sleepiness in the morn-
ing/week’, ‘daytime sleepiness/week’, and ‘daytime nap-
ping/week’) were computed. Furthermore, ‘sleep duration’
(min) and ‘sleep need’ (duration that a woman would like to
sleep, min) were assessed, and ‘sleep loss’ was computed by

Table 1 Basis characteristics

All Spontaneous labor  Induction of labor
n=1778 n=1447 n=331
Mean+SD  Mean+SD Mean +SD P-value
Maternal age (years)* 30.1+4.4 299+4.4 30.7+4.5 0.007
BMI (kg/m?)" 242+44  23.8+4.1 257454 <0.001
EPDS* 52+4.0 5.1+4.0 53+42 0.600
Gestational age* 404+2+7 40+1+7 40+4+9 <0.001
n (%) n (%) n (%)
Primiparous+ 798 (44.9) 625 (43.2) 173 (52.3) 0.002
Smoking (yes)+ 289 (16.8) 234 (16.2) 55 (16.6) 0.910
Primary method for IOL
Prostaglandin 106 (32.0)
Balloon catheter 81 (24.5)
Artificial rupture of membrane 54 (16.3)
Oxytocin 81 (24.5)
Failed IOL 11 (3.3)
Mode of delivery
Vaginal delivery"' 1395 (78.5) 1171 (80.9) 224 (67.7) <0.001
Vacuum extraction’ 235 (13.2) 186 (12.9) 49 (14.8) 0.393
Urgent cesarean section 130 (7.3) 77 (5.3) 53 (16.0) <0.001
Emergency cesarean section® 18 (1.0) 13 (0.9) 5(1.5) 0.356
Lenght of labor (mean min- 495+315 507+310 433+332 <0.001

utes + SD)*

* P-value from Mann—Whitney U-test

T P-value from Chi-squared test

¥ p-value from Wilcoxon rank sum test

$ P-value from Fisher test

EPDS Edinburg postnatal depression scale, /OL induction of labor
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subtracting ‘sleep need’ from ‘sleep duration’ as expressed
in minutes.

Statistical analyses

Based on the power calculation with the sample size of our
groups, we are able to detect effect size of 0.17 between
groups (at alpha level 0.05 and power 0.8). Power calcula-
tion was conducted using the library pwr in R.

The responses for distinct sleep variables were dichoto-
mized: ‘general sleep quality’ (1-3: ‘good sleep quality’ and
4-5: ‘poor sleep quality’); ‘difficulty to fall asleep’, “noctur-
nal awakenings’, and ‘awakening too early in the morning’
(1-3: ‘no disturbance’ and 4-5: ‘yes disturbance’); ‘snor-
ing’ and ‘apneas’ (1-3: ‘occasional snorers/apneas’ and
4-5: ‘habitual snorers/apneas’); and ‘morning sleepiness’,
‘daytime sleepiness’, and ‘napping’ (1-3: ‘no disturbance’
and 4-5: ‘yes disturbance’). Insomnia, SDB, and Sleepi-
ness scores were considered continuous variables. Further,
sleep duration (continuous and categorical [<7 h, 7-9 h,
and > 9 h]) and sleep loss (continuous and categorical [<2 h
and > 2 h]) were analysed.

To study the associations between IOL and sleep, the
association between each explanatory sleep variable and the
dependent variable of IOL was analysed using univariate
logistic regression. Then, the analyses were conducted with
adjustments for age, BMI, parity, smoking, and EPDS in the
early pregnancy. Age, BMI, and EPDS were considered con-
tinuous and parity (primiparous/multiparous) and smoking
(yes/no), categorical. As the Chi-square test showed a statis-
tically significant association between smoking and educa-
tion, only smoking was included in the regression model.

As the answering time varied (of all women, 1497 had
answered within seven days and five answered later, and in
276, women the time of the reply was unknown), the addi-
tional analyses where the sleep disturbances between the two
groups (women answering within seven days versus women
answering later or with unknown time) were compared using
Chi-squared test or Wilcoxon rank sum test when appropri-
ate. In addition, in a post hoc analyses, whether the IOL
group had a moderating effect on the association between
sleep disturbances and delivery mode (CS versus vaginal
delivery) was conducted using logistic regression. Delivery
mode was used as the dependent variable. Analyses were
adjusted with the same variables as described above.

P-values (two-tailed) < 0.05 were considered statistically
significant. The 95% confidence intervals (Cls) were cal-
culated for the odds ratios (ORs) and adjusted odds ratios
(AORs). All analyses were performed in R (4.0.5, 2021).
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Results
Clinical characteristics of the study population

Compared to the women in the SOL group, those in the IOL
group were more often primiparous, had higher BMI, and
more often delivered by CS (Table 1). In all, 9 (2.7%) of the
IOL women were induced because of maternal tiredness.
From the entire BNSQ data, 0.7-2.0% was missing, except
for questions regarding sleep duration, for which 6.5% was
missing. The occurrence of sleep disturbances did not differ
according to the answering time to the questionnaire (data
not shown). In the post hoc analysis, the IOL group had no
moderating effect on the association between sleep variables
and delivery mode (CS versus vaginal delivery).

General sleep quality and insomnia symptoms

Table 2 shows the occurrences of sleep disturbances and
Table 3 the differences in sleep quality between the groups.
There were no differences between the groups in terms
of general sleep quality (P=0.186) or Insomnia score
(P=0.104). Approximately 40% of the women in both
groups had poor general sleep quality. Nearly all women
in both groups had nocturnal awakenings almost every
night when considered by weekly basis and almost half of
the women had nocturnal awakenings at least three times
nightly. Difficulty to fall asleep was also frequent, occurring
almost in 30% of the women in both groups. Awakening too
early in the morning occurred more rarely 21% and 17% of
women in the IOL and SOL groups, respectively.

Sleep disordered breathing

In the IOL and SOL groups, 23% and 17% of women,
respectively, were habitual snorers (Table 2). Thus, women
in the IOL group were more likely to be habitual snorers
(P=0.017); however, the difference lost the statistical signif-
icance in adjusted analysis (P =0.848) (Table 3). Witnessed
apneas were rare in both groups (Table 2).

Sleepiness symptoms

Sleepiness scores were similar between the groups
(P=0.675) (Table 3). Among distinct sleepiness symp-
toms, napping was the most frequent in both groups (35%)
(Table 2). Furthermore, daytime sleepiness was common in
both groups (28%) (Table 2). Although morning sleepiness
was less common, it occurred also quite frequently (IOL
24% and SOL 20%, respectively) (Table 2).
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Table 2 Occurrences of sleep
disturbances in the groups

Spontaneous labor

Induction of labor

n=1447 n=331
n (%) Mean+SD n (%) Mean+SD
General sleep quality (quite poor or poor) 558 (39.0) 141 (43.0)
Insomnia score* 9.9+2.1 10.1+2.2
Difficulty to fall asleep/week (yes) 399 (27.8) 93 (28.2)
Nocturnal awakenings/week (yes) 1358 (94.6) 310 (93.9)
Nocturnal awakenings/night (yes) 688 (48.1) 144 (43.9)
Too early morning awakening/week (yes) 240 (16.8) 68 (20.7)
Sleep Disordered Breathing score’ 3.0+1.5 33+1.7
Snoring/week 241 (17.0) 74 (22.7)
Witnessed apneas/week (yes) 11 (0.8) 4(1.2)
Sleepiness score? 8.6+2.7 8.6+2.6
Morning sleepiness/week (yes) 292 (20.4) 80 (24.3)
Daytime sleepiness/week (yes) 403 (28.1) 94 (28.7)
Napping/week 521 (36.6) 113 (34.5)
Sleep duration (h) 7.8+1.3 7714
<7h 210 (15.4) 61 (20.2)
>9h 98 (7.2) 25 (8.3)
Sleep loss® (min) 58+73 64491
Sleep loss>2 h 324 (24.5) 77 (25.9)

Sleep disturbances were adopted from Basic Nordic Sleep Questionnaire (BNSQ) with ratings of 1-5,
where 4-5 were considered indicative (‘yes’) of a sleep disturbance

*Insomnia score=Sum score of the answers for ‘Difficulty to fall asleep’, ‘Nocturnal awakenings/week’,
and ‘Awakening too early in the morning’

TSleep Disordered Breathing score = Sum score of the answers for ‘Snoring’ and ‘Witnessed apneas’

#Sleepiness score=Sum score of the answers for ‘Sleepiness in the morning’, ‘Daytime sleepiness’, and

‘Napping’

$Sleep loss =sleep need—sleep duration

Sleep duration and sleep loss

The mean sleep duration was similar in both groups
(P=0.163) (Table 3). Nevertheless, when sleep duration
was considered categorical, women in the IOL group were
more likely to be short sleepers compared to those in the
SOL group (P =0.034) (Table 3). However, this finding lost
statistical significance in the adjusted model (P =0.133)
(Table 3). In sleep loss, the two groups showed no differ-
ences (P=0.252) (Table 3).

Discussion

Our study was one of the first to evaluate the associations
between sleep disturbances and IOL. Only minor findings
emerged: habitual snorers and short sleepers were more
likely to have IOL. However, these associations vanished in
the adjusted models, indicating that sleep disturbances per
se do not have a strong impact.

Previous literature evaluating sleep quality in late preg-
nancy is quite unanimous that sleep disturbances are fre-
quent [7, 11, 12, 14, 15]. Using the BNSQ, in our two
previous studies, in a pilot study with 78 women [11] and
a follow-up study with 1858 women [12], 15% and 30%
women, respectively, reported poor sleep quality in late
pregnancy. Another Finnish study evaluating sleep also with
BNSQ in 325 women, reported that 30% of late pregnant
women had restless sleep [15]. Further, according to a meta-
analysis including 42 studies and using the Pittsburgh Sleep
Quality Index questionnaire for sleep quality evaluation, in
perinatal period the prevalence of poor sleep was 45% [32].
Furthermore, in a study of 2427 pregnant women also using
the Pittsburgh Sleep Quality Index questionnaire, 76% of the
women experienced poor sleep quality across all months of
pregnancy [14].

Despite of the previously described deterioration in sleep
quality during pregnancy, only one earlier study has assessed
the relationship between sleep and IOL. Measuring sleep
with a wrist actigraphy, Beebe and Lee [33] enrolled 35
women and found no differences between IOL and SOL
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Table 3 Associations between sleep disturbances and induction of labor

Spontaneous labor

Induction of labor

OR (95% CI)" P-value AOR (95% CI)f P-value
General sleep quality (quite poor/poor) Ref 1.18 (0.92-1.50) 0.186 1.08 (0.82-1.42) 0.566
Insomnia score® Ref 1.05 (0.99-1.11) 0.104 1.03 (0.96-1.10) 0.406
Difficulty to fall asleep/week (yes) Ref 1.02 (0.78-1.33) 0.890 1.04 (0.77-1.39) 0.801
Nocturnal awakenings/week (yes) Ref 0.89 (0.55-1.51) 0.653 0.77 (0.45-1.40) 0.369
Nocturnal awakenings/night (yes) Ref 0.84 (0.66-1.07) 0.169 0.79 (0.60-1.02) 0.076
Too early morning awakening/week (yes) Ref 1.29 (0.10-1.74) 0.094 1.08 (0.76-1.50) 0.667
Sleep Disordered Breathing score! | Ref 1.09 (1.01-1.17) 0.021 0.99 (0.91-1.08) 0.835
Snoring/week (yes) Ref 1.43 (1.06-1.91) 0.017 1.03 (0.73-1.44) 0.848
Sleepiness scorel Ref 1.01 (0.97-1.06) 0.675 1.00 (0.95-1.05) 0.940
Morning sleepiness/week (yes) Ref 1.26 (0.94-1.66) 0.115 1.20 (0.87-1.65) 0.258
Daytime sleepiness/week (yes) Ref 1.03 (0.78-1.34) 0.846 0.93 (0.69-1.25) 0.636
Napping/week (yes) Ref 0.91 (0.71-1.17) 0.468 0.87 (0.66-1.15) 0.342
Sleep duration Ref 0.93 (0.85-1.03) 0.163 0.94 (0.85-1.04) 0.219
<7ht Ref 1.41 (1.02-1.94) 0.034 1.31 (0.91-1.85) 0.133
>9 ht Ref 1.24 (0.77-1.94) 0.358 1.15 (0.68-1.87) 0.591
Sleep loss* Ref 1.00 (1.00-1.00) 0.252 1.00 (1.00-1.00) 0.172
>2h Ref 1.08 (0.81-1.43) 0.604 1.04 (0.74-1.43) 0.833

Sleep disturbances were adopted from Basic Nordic Sleep Questionnaire (BNSQ) with ratings of 1-5, where 4-5 were considered indicative

(‘yes’) of a sleep disturbance
*OR = Univariate analysis (binary logistic regression analysis)

TAOR = Adjusted for age, BMI, parity, smoking, and Edinburgh postnatal depression scale (EPDS) in early pregnancy (binary logistic regression

analysis)

* Compared to those who sleep 7-9 h

$Insomnia score =Sum score of the answers for ‘Difficulty to fall asleep’, ‘Nocturnal awakenings/week’, and ‘Awakening too early in the morn-

>

ing

H Sleep Disordered Breathing score =Sum score of the answers for ‘Snoring” and ‘Witnessed apneas’

1ISleepiness score = Sum score of the answers for ‘Sleepiness in the morning’, ‘Daytime sleepiness’, and ‘Napping’

Bolded P-values show statistical significance level < 0.05

groups in sleep duration and nightly wake-time after sleep
onset five days before labor [7]. Though, interestingly, thera-
peutical rest, usually implemented by using pain relief medi-
cation in early labor, have been shown to decrease the risk
of getting IOL. Furthermore, maternal tiredness is important
indication for IOL; according to the study by Dogl et al. [6],
about one third of elective IOLs were performed because of
mothers request, and indication in every fifth of these IOLs
was maternal fatigue and tiredness.

In our study, SDB, especially snoring, as well as short
sleep were associated with the likelihood of IOL; however,
the associations vanished after adjustment. We adjusted
models with age and obesity, which are independent risk
factors for SDB development [34], and with comorbidities,
which may cause IOL [19, 35, 36]. As for sleep duration,
Lee et al. [23] showed that short sleep, sleep under 6 h, was
a risk factor for CS. This association was also shown in a
study including only IOL women [37]. In addition, short
sleep is associated with gestational diabetes [36], which
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increases the risk of IOL. Overall, although sleep has some
associations with IOL, the likelihood of induction seems to
be directly associated with factors other than sleep. Nev-
ertheless, taken all these interactions together, sleep may
influence as a mediator in labor and in IOL and thus, should
not be ignored.

The strengths of our study are the large size of the study
population and the use of BNSQ, a widely used sleep ques-
tionnaire among pregnant women [11, 12]. However, BNSQ
was filled in after delivery in postpartum ward, and even
though women were instructed to assess their sleep during
the past month, which also covered pre-delivery time, the
answers could have been influenced by the entire labor pro-
cess and postpartum time. Therefore, pre-delivery evalua-
tion of the occurrence of sleep disturbances could have been
interesting and warrants more research in future. Further-
more, sleep was assessed only in late pregnancy, and there-
fore, our results cannot necessarily be extrapolated to women
with long-term sleep disturbances. No sleep architecture was
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measured, which could have given another perspective to
sleep quality. The women in our study had mainly uncompli-
cated full-term pregnancies, and therefore, our results cannot
be generalized to women with preterm delivery and preg-
nancy complications. The study population was relatively
healthy, but the medical information was partly based on
the self-report of the women, and thus, all pre-pregnancy or
gestational comorbidities, which might have influenced on
either sleep or IOL, could not be excluded.

Sleep disturbances are common, especially in late preg-
nancy, and therefore, they may interfere with labor. Although
in our study sleep disturbances, especially insomnia symp-
toms, occurred frequently, they were not associated with the
likelihood of ending up to IOL. Still, part of the women in
our study had IOL because of maternal tiredness, given that
sleep disturbances and plausible daytime consequences, like
sleepiness and tiredness, cannot totally be ignored in women
in labor. As the rates of IOL are increasing, more research
for risk factors for IOL are warranted.

Appendix

Supporting information: The Basic Nordic Sleep
Questionnaire (BNSQ)

1. Have you had difficulties to fall asleep during the past
month?

never or less than once per month
less than once per week
on 1-2 nights per week
on 3-5 nights per week
every night or almost every night

kb=

2. How often have you woken up at night during the
past month?

never or less than once per month

less than once per week

on 1-2 nights per week

on 3-5 nights per week

every night or almost every night per week

DAL=

3. How many times do you usually wake up during a
night (during the past month)?

I do not wake up at night usually
once per night

twice per night

3—4 times per night

at least 5 times per night

Al

4. How often have you awakened too early in the
morning without being able to fall asleep again dur-
ing the past month?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every night or almost every night

Al

5. How well have you been sleeping during the past
month? (general sleep quality)

1. well

2. quite well

3. neither well nor poorly
4. quite poor

5. poor

6. Do you snore while sleeping? (ask other people if you
are not sure)

never or less than once per month
less than once per week
on 1-2 nights per week
on 3-5 nights per week
every night or almost every night

ARl

7. Have you had breathing pauses (sleep apneas) while
sleeping? (ask other people if you are not sure)

1. never or less than once per month
2. less than once per week
3. on 1-2 nights per week
4. on 3-5 nights per week
5. every night or almost every night

8. Do you feel excessively sleepy in the morning after
awakening during?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

Al

9. Do you feel excessively sleepy during the daytime?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

Al
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10. How often do you take naps during the day?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

AR

11. How long do you usually sleep per night? ___hours
____minutes

12. How many hours of sleep do you need per night
(how many hours would you like to sleep if you
had possibility to sleep as long as you need to)?
___hours ___minutes

Author contributions The contributions for this article are as follows:
Henna Lihde is the principal investigator and writer of the paper; Pdivi
Polo-Kantola, Hasse Karlsson, and Linnea Karlsson are the leaders of
the study, co-investigators, and co-writers; Viliina Varis, Kirsi Rinne,
and E. Juulia Paavonen are co-investigators; and Laura Perasto is the
statistician.

Funding Open Access funding provided by University of Turku
(including Turku University Central Hospital).

Data availability The data that support the findings of this study
are available from the corresponding author, (HL), upon reasonable
request.Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Swift EM, Gunnarsdottir J, Zoega H, Bjarnadottir RI, Steingrims-
dottir T, Einarsdottir K (2022) Trends in labor induction indi-
cations: a 20-year population-based study. Acta Obstet Gynecol
Scand 101:1422-1430. https://doi.org/10.1111/a0gs.14447

2. WHO (2018) WHO Recommendations: Induction of Labour at or
beyond Term. http://www.ncbi.nlm.nih.gov/pubmed/30629393

3. Kruit H, Gissler M, Heinonen S, Rahkonen L (2022) Breaking
the myth: the association between the increasing incidence of
labour induction and the rate of caesarean delivery in Finland —a
nationwide Medical Birth Register study. BMJ Open 12:¢060161.
https://doi.org/10.1136/bmjopen-2021-060161

4. Reddy UM, Laughon SK, Sun L, Troendle J, Willinger M, Zhang
J (2010) Prepregnancy risk factors for antepartum stillbirth in the

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

united states. Obstet Gynecol 116:1119-1126. https://doi.org/10.
1097/a0g.0b013e3181f903f8

Bacak SJ, Olson-chen C, Pressman E (2015) Timing of induction
of labor. Semin Perinatol 39:450-458. https://doi.org/10.1053/j.
semperi.2015.07.007

Dogl M, Romundstad P, Berntzen LD et al (2018) Elective
induction of labor: a prospective observational study. PLoS ONE
13:e0208098. https://doi.org/10.1371/journal.pone.0208098
Beebe KR, Lee KA (2007) Sleep disturbance in late pregnancy
and early labor. J Perinat Neonatal Nurs 21:103—108. https://doi.
org/10.1097/01 .jpn.0000270626.66369.26

Coulm B, Blondel B, Alexander S, Boulvain M, Le Ray C (2016)
Elective induction of labour and maternal request: a national
population-based study. BIOG 123:2191-2197. https://doi.org/
10.1111/1471-0528.13805

Sgrbye IK, Oppegaard KS, Weeks A, Marsdal K, Jacobsen AF
(2020) Induction of labor and nulliparity: a nationwide clinical
practice pilot evaluation. Acta Obstet Gynecol Scand 99:1700—
1709. https://doi.org/10.1111/a0gs.13948

Mccarthy CM, Meaney S, Mccarthy M, Conners N, Russell N
(2022) Induction of labor: reviewing the past to improve the
future. AJOG Glob Rep 2:100099. https://doi.org/10.1016/j.xagr.
2022.100099

Polo-Kantola P, Aukia L, Karlsson H, Karlsson L, Paavonen EJ
(2017) Sleep quality during pregnancy: associations with depres-
sive and anxiety symptoms. Acta Obstet Gynecol Scand 96:198—
206. https://doi.org/10.1111/a0gs.13056

Aukia L, Paavonen EJ, Jankéld T et al (2020) Insomnia symptoms
increase during pregnancy, but no increase in sleepiness — asso-
ciations with symptoms of depression and anxiety. Sleep Med
72:150-156. https://doi.org/10.1016/j.sleep.2020.03.031

Bacaro V, Benz F, Pappaccogli A et al (2020) Interventions for
sleep problems during pregnancy: a systematic review. Sleep Med
Rev 50:101234. https://doi.org/10.1016/j.smrv.2019.101234
Mindell JA, Cook RA, Nikolovski J (2015) Sleep patterns and
sleep disturbances across pregnancy. Sleep Med 16:483-488.
https://doi.org/10.1016/j.sleep.2014.12.006

Hedman C, Pohjasvaara T, Tolonen U, Suhonen-Malm AS, Myl-
lylda VV (2002) Effects of pregnancy on mothers’ sleep. Sleep Med
3:37-42. https://doi.org/10.1016/s1389-9457(01)00130-7
Sarberg M, Svanborg E, Wiréhn AB, Josefsson A (2014) Snoring
during pregnancy and its relation to sleepiness and pregnancy out-
come — a prospective study. BMC Pregnancy Childbirth 14:1-7.
https://doi.org/10.1186/1471-2393-14-15

August EM, Salihu HM, Biroscak BJ, Rahman S, Bruder K,
Whiteman VE (2013) Systematic review on sleep disorders and
obstetric outcomes: scope of current knowledge. Am J Perinatol
30:323-334. https://doi.org/10.1055/s-0032-1324703

Wang L, Jin F (2020) Association between maternal sleep duration
and quality, and the risk of preterm birth: a systematic review and
meta-analysis of observational studies. BMC Pregnancy Child-
birth 20:125. https://doi.org/10.1186/s12884-020-2814-5

Xu T, Feng Y, Peng H, Guo D, Li T (2014) Obstructive sleep
apnea and the risk of perinatal outcomes: a meta-analysis of
cohort studies. Sci Rep 4:6982. https://doi.org/10.1038/srep06982
Pinheiro RL, Areia AL, Pinto AM, Donato H (2019) Advanced
maternal age: adverse outcomes of pregnancy, a meta-analysis.
Acta Med Port 32:219-226. https://doi.org/10.20344/amp.11057
Rumble ME, Okoyeh P, Benca RM (2023) Sleep and women’s
mental health. Psychiatr Clin North Am 46:527-537. https://doi.
org/10.1016/j.psc.2023.04.008

Haavisto H, Rinne K, Kolari T, Anttila E, OjalaPolo-Kantola E
(2023) Depressive symptoms and sleep disturbances in late preg-
nancy: associations with experience of induction of labor with a
catheter. Eur J Obstet Gynecol Reprod Biol 283:25-31. https://
doi.org/10.1016/j.ejogrb.2023.01.028


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/aogs.14447
http://www.ncbi.nlm.nih.gov/pubmed/30629393
https://doi.org/10.1136/bmjopen-2021-060161
https://doi.org/10.1097/aog.0b013e3181f903f8
https://doi.org/10.1097/aog.0b013e3181f903f8
https://doi.org/10.1053/j.semperi.2015.07.007
https://doi.org/10.1053/j.semperi.2015.07.007
https://doi.org/10.1371/journal.pone.0208098
https://doi.org/10.1097/01.jpn.0000270626.66369.26
https://doi.org/10.1097/01.jpn.0000270626.66369.26
https://doi.org/10.1111/1471-0528.13805
https://doi.org/10.1111/1471-0528.13805
https://doi.org/10.1111/aogs.13948
https://doi.org/10.1016/j.xagr.2022.100099
https://doi.org/10.1016/j.xagr.2022.100099
https://doi.org/10.1111/aogs.13056
https://doi.org/10.1016/j.sleep.2020.03.031
https://doi.org/10.1016/j.smrv.2019.101234
https://doi.org/10.1016/j.sleep.2014.12.006
https://doi.org/10.1016/s1389-9457(01)00130-7
https://doi.org/10.1186/1471-2393-14-15
https://doi.org/10.1055/s-0032-1324703
https://doi.org/10.1186/s12884-020-2814-5
https://doi.org/10.1038/srep06982
https://doi.org/10.20344/amp.11057
https://doi.org/10.1016/j.psc.2023.04.008
https://doi.org/10.1016/j.psc.2023.04.008
https://doi.org/10.1016/j.ejogrb.2023.01.028
https://doi.org/10.1016/j.ejogrb.2023.01.028

Archives of Gynecology and Obstetrics

23.

24.

25.

26.

217.

28.

29.

30.

31.

Lee KA, Gay CL (2004) Sleep in late pregnancy predicts length of
labor and type of delivery. Am J Obstet Gynecol 191:2041-2046.
https://doi.org/10.1016/j.ajog.2004.05.086

Peltonen H, Paavonen EJ, Saarenpdi-Heikkild O, Vahlberg T,
Paunio T, Polo-Kantola P (2023) Sleep disturbances and depres-
sive and anxiety symptoms during pregnancy: associations with
delivery and new-born health. Arch Gynecol Obstet 307:715-728.
https://doi.org/10.1007/s00404-022-06560-x

Lu Q, Zhang X, Wang Y et al (2021) Sleep disturbances during
pregnancy and adverse maternal and fetal outcomes: a systematic
review and meta-analysis. Sleep Med Rev 58:101436. https://doi.
org/10.1016/j.smrv.2021.101436

Challis JR, Lockwood CJ, Myatt L, Norman JE, Strauss JF, Petra-
glia F (2009) Inflammation and pregnancy. Reprod Sci 16:206—
215. https://doi.org/10.1177/1933719108329095

Okun ML (2019) Sleep disturbances and modulations in inflam-
mation: implications for pregnancy health. Soc Personal Psychol
Compass 13:e12451. https://doi.org/10.1111/spc3.12451
Kaartinen M, Karlsson L, Paavonen EJ et al (2019) Maternal tired-
ness and cytokine concentrations in mid-pregnancy. J Psycho-
som Res 127:109843. https://doi.org/10.1016/j.jpsychores.2019.
109843

Karlsson L, Tolvanen M, Scheinin NM et al (2018) Cohort profile:
The FinnBrain Birth Cohort Study (FinnBrain). Int J Epidemiol
47:15-16j. https://doi.org/10.1093/ije/dyx173

Rubertsson C, Borjesson K, Berglund A, Josefsson A, Sydsjo G
(2011) The Swedish validation of Edinburgh Postnatal Depression
Scale (EPDS) during pregnancy. Nord J Psychiatry 65:414-418.
https://doi.org/10.3109/08039488.2011.590606

Partinen M, Gislason T (1995) Basic Nordic Sleep Questionnaire
(BNSQ): a quantitated measure of subjective sleep complaints. J

32.

33.

34.

35.

36.

37.

Sleep Res 4:150-155. https://doi.org/10.1111/j.1365-2869.1995.
tb00205.x

Yang Y, Li W, Ma TJ et al (2020) Prevalence of poor sleep quality
in perinatal and postnatal women: a comprehensive meta-analysis
of observational studies. Front Psychiatry 11:161. https://doi.org/
10.3389/fpsyt.2020.00161

Maykin MM, Ukoha EP, Tilp V, Gaw SL, Lewkowitz AK (2021)
Impact of therapeutic rest in early labor on perinatal outcomes: a
prospective study. Am J Obstet Gynecol MFM 3:100325. https://
doi.org/10.1016/j.ajogmf.2021.100325

Ayyar L, Shaib F, Guntupalli K (2018) Sleep-disordered breath-
ing in pregnancy. Sleep Med Clin 13:349-357. https://doi.org/10.
1016/j.jsmc.2018.04.005

Williams MA, Miller RS, Qiu C, Cripe SM, Gelaye B, Enquobah-
rie (2010) Associations of early pregnancy sleep duration with
trimester-specific blood pressures and hypertensive disorders in
pregnancy. Sleep 33:1363—-1371. https://doi.org/10.1093/sleep/33.
10.1363

Reutrakul S, Zaidi N, Wroblewski K et al (2011) Sleep distur-
bances and their relationship to glucose tolerance in pregnancy.
Diabetes Care 34:2454-2457. https://doi.org/10.2337/dc11-0780
Teong ACA, Diong AX, Omar SZ, Tan PC (2017) The impact of
self-reported sleep on caesarean delivery in women undergoing
induction of labour: a prospective study. Sci Rep 7:12339. https://
doi.org/10.1038/s41598-017-12410-7

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.ajog.2004.05.086
https://doi.org/10.1007/s00404-022-06560-x
https://doi.org/10.1016/j.smrv.2021.101436
https://doi.org/10.1016/j.smrv.2021.101436
https://doi.org/10.1177/1933719108329095
https://doi.org/10.1111/spc3.12451
https://doi.org/10.1016/j.jpsychores.2019.109843
https://doi.org/10.1016/j.jpsychores.2019.109843
https://doi.org/10.1093/ije/dyx173
https://doi.org/10.3109/08039488.2011.590606
https://doi.org/10.1111/j.1365-2869.1995.tb00205.x
https://doi.org/10.1111/j.1365-2869.1995.tb00205.x
https://doi.org/10.3389/fpsyt.2020.00161
https://doi.org/10.3389/fpsyt.2020.00161
https://doi.org/10.1016/j.ajogmf.2021.100325
https://doi.org/10.1016/j.ajogmf.2021.100325
https://doi.org/10.1016/j.jsmc.2018.04.005
https://doi.org/10.1016/j.jsmc.2018.04.005
https://doi.org/10.1093/sleep/33.10.1363
https://doi.org/10.1093/sleep/33.10.1363
https://doi.org/10.2337/dc11-0780
https://doi.org/10.1038/s41598-017-12410-7
https://doi.org/10.1038/s41598-017-12410-7

	Sleep disturbances in late pregnancy: associations with induction of labor
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Statistical analyses
	Results
	Clinical characteristics of the study population
	General sleep quality and insomnia symptoms
	Sleep disordered breathing
	Sleepiness symptoms
	Sleep duration and sleep loss

	Discussion
	Appendix
	Supporting information: The Basic Nordic Sleep Questionnaire (BNSQ)

	References


