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Abstract
Background: Sleep disturbances and mood symptoms are common in late pregnancy and according to
previous literature, they can affect delivery and newborn outcomes. This study evaluated the effect of
sleep and mood symptoms on delivery and newborn health as there is insu�cient and partly
contradictory studies on the topic.

Methods: A cohort of 1414 mothers was enrolled in the third trimester to this prospective cross-sectional
questionnaire study. Validated questionnaires were assessed for measurement of sleep disturbances,
depressive and anxiety symptoms. The data on delivery and newborn outcomes was obtained from
hospital medical records.

Results. Sleep disturbances were very common during pregnancy. Higher insomnia score (β = -0.06, p =
0.047) and longer sleep need (β = 0.07, p = 0.047) were related to delivery at a lower gestational age. In
addition, higher insomnia score (β = -28.30, p = 0.010) and lower general sleep quality (β = -62.15, p =
0.025) were associated with lower birth weight, but instead, longer sleep duration and longer sleep need
with higher birth weight (β = 28.06, p = 0.019; β = 27.61, p = 0.028, respectively). However, the �ndings
regarding birth weight lost their signi�cance when the birth weight was standardized with gestational
weeks. Concerning Apgar scores and the umbilical artery pH, no associations were found. Snoring was
associated with a shorter duration of the 1st phase (β = -78.71, p = 0.015) and total duration of delivery (β
= -79.85, p = 0.016). Mothers with higher insomnia, depressive or anxiety symptoms were more often
treated with oxytocin (OR 1.54 95% CI 1.00-2.38, p = 0.049, OR 1.76, 95% CI 1.02-3.04, p = 0.049 and OR
1.91, CI 95% 1.28-2.84, p < 0.001, respectively) and those with higher depressive and anxiety symptoms
delivered more often with elective caesarean section (OR 4.67, 95% CI 2.04-12.68, p < 0.001 and OR 2.22,
95% CI 1.03-4.79, p = 0.042).

Conclusions: Maternal sleep disturbances and mood symptoms during pregnancy are associated with
delivery and newborn health. However, nearly all the outcomes fell within a normal range, implying that
the actual risks are low.

Introduction
Pregnant women sleep poorly [1]. Sleep disturbances, especially insomnia symptoms, are common
during pregnancy and often worsen towards the end of the pregnancy [2–5]. Insomnia symptoms,
including di�culties to fall asleep (initiation insomnia), nightly awakenings and too early morning
awakenings (maintenance insomnia) lead to decreased sleep time and poor overall sleep quality [6].
Occurrence of sleep disordered breathing (snoring, sleep apnea and partial upper airway obstruction) also
increase during pregnancy [5, 7] probably due to increased weight, oedema, and nasal congestion [8].

Maternal sleep disturbances, especially poor sleep quality, short sleep duration and sleep disordered
breathing may, according to previous studies, contribute to maternal morbidity and adverse delivery
outcomes, such as preterm delivery [9, 10]. In a study of 166 mothers by Okun and colleagues [11] poor
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sleep quality especially in early pregnancy (14–16 weeks), but also with a tendency in late pregnancy,
was a predictor of preterm birth. Disrupted sleep leading to stress system activation, in�ammatory
response rise and changes in the hypothalamic–pituitary–adrenal axis (HPA) are suggested to be the
potential underlying mechanisms [12].

Previous studies indicate that poor maternal sleep could also be associated with longer duration of
delivery [13, 14] and may increase the risk of operative deliveries, especially of caesarean section [13–15].
In an Iranian study of 457 primiparas [13] short sleep duration in late pregnancy was associated with a
longer duration of all the phases of delivery and women sleeping longer were more likely to deliver
vaginally. Another Iranian study of 88 mothers found that women sleeping less (6.45 ± 2.07 h vs. 8.47 ± 
1.86 h) per night had longer deliveries and 20 % higher risk for caesarean delivery [16]. However, the
previous literature is not unanimous, as some studies do not support the association between maternal
sleep and delivery outcomes [17, 18]. The lack of consensus may be due to varying study designs and
differences in clinical practice or inadequate control of confounding factors [17]. Additionally, maternal
sleep disturbances may raise a risk for the growing fetus; short sleep duration [13, 19] and habitual
snoring [8, 20] have been shown to associate with adverse newborn outcomes, such as lower birth weight
and lower Apgar scores.

Low sleep quality and short sleep duration during pregnancy and during the postpartum period are known
risk factors for depressive and anxiety symptoms and vice versa [21–24]. Depressive and anxiety
symptoms have also been linked with a higher occurrence of caesarean section in one study [25], but
contradictory �ndings have also been presented [17, 26–28]. In a large systematic review article by
Grigoriadis et al [26] including 29 original articles, anxiety during pregnancy was associated with adverse
newborn outcomes like preterm delivery as well as lower birth weight and a smaller head circumference.
However, maternal anxiety and newborn Apgar points were not associated. In a comprehensive review
article written by the same author [29], maternal depression during pregnancy was associated with
increased odds for preterm delivery and decreased breastfeeding initiation, but not with other delivery or
newborn outcomes.

The aim of our study was to evaluate the association between maternal sleep disturbances and mood
symptoms and delivery and newborn health. We concentrated on insomnia symptoms and sleep loss, as
well as depressive and anxiety symptoms. We hypothesized that both sleep disturbances and mood
symptoms would increase the risk of delivering earlier, longer delivery, operative delivery and relate to
poorer health in the newborn.

Methods

Subjects
This prospective cross-sectional study was a part of a larger Finnish CHILD-SLEEP–birth cohort, which
has been described in detail by Paavonen et al. [30]. Mothers were recruited by midwives or nurses in
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maternity clinics in the Pirkanmaa area during routine pregnancy-related check-ups in late pregnancy
(around gestational week 32). All participants were given both oral and written information about the
study. The mothers were eligible if they were willing to participate in the study, had su�cient language
skills (Finnish) to complete the study questionnaires and if they gave their written consent to take part in
the study. Altogether 1673 women participated in this study and 1598 questionnaires were returned.

Mothers who had an incomplete questionnaire, missing delivery or newborn data or who had completed
the questionnaire before gestational week 24 or after the delivery were excluded (n = 116). The mothers
�lled in the questionnaire on average in the gestational week 35 (range 24–41). Since the delivery
outcomes were of especial interest in our study, we also excluded twin pregnancies (n = 10) and
pregnancies with a fetus in other than a cephalic presentation (n = 58). A �nal sample of 1414 women
remained to form the study population. The mothers were recruited between April 2011 and December
2012, and the infants were born between April 2011 – February 2013. During that time period,
approximately 7700 infants ful�lling the inclusion criteria were born in the target area, but due to the
exclusion criteria, maternal refusals, language di�culties, and a failure on the prenatal nurses’ part to
present the survey to the mothers, the sample coverage was approximately 20% (Fig. 1).

Questionnaires
The sleep disturbances were evaluated with eight questions drawn from the Basic Nordic Sleep
Questionnaire (BNSQ) [31] (general sleep quality, di�culties to fall asleep, nightly awakenings per week,
number of awakenings per night, too early awakenings, self-reported snoring, sleep duration and sleep
need). General sleep quality was rated on 5-point scale as 1 = ‘good’, 2 = ‘quite good’, 3 = ‘intermediate
(neither good nor poor)’, 4 = ‘quite poor’ or 5 = ‘poor’, the frequency of nocturnal awakenings per night 1 =
‘none’, 2 = ‘once’, 3 = ‘twice’, 4 = ‘three to four times’, 5 = ‘at least �ve times’ and the other questions with a
5-point scale as 1 = ‘never or less than once a month’, 2 = ‘less than in one day a week’, 3 = ‘in one or two
days a week’, 4 = ‘in three to �ve days a week’ and 5 = ‘daily or almost daily’.

To represent the severity of co-operative action of all the insomnia symptoms (general sleep quality,
di�culties to fall asleep per week, nightly awakenings per week, number of awakenings per night, too
early awakenings per week), a summary score was de�ned by dichotomizing the responses (0 = ’1–2
times per week/night or less’ vs 1 = ’3–5 times or more per week/night’), and the scores were summed to
form a insomnia score (range 0–5 points). Sum score of 4 points or more was considered deviant as then
the mother would have had at least four different sleep disturbances occurring at least 3–5 times per
week/night. Sleep duration (hours, h) was calculated as the average self-reported sleep time during
weekdays and weekends and the sleep need as self-reported desired sleep time. In case the sleep times
ranged over 2 hours, the reply was excluded. Sleep loss was de�ned by subtracting sleep need from sleep
time. Sleep duration < 6 hours and sleep loss > 2 hours were de�ned deviant.

Depression was evaluated using the shortened 10-item version of the Center for Epidemiologic Studies
Depression Scale (CES-D) [32] with ten questions in a scale from 0 to 3 in each question (range 0–30).
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Scores were totaled to form a depression score and used in analyses both as a continuous and
categorical (a total score ≥ 12 points [95th percentile] was used as a cut-off point). A shortened State-
Trait Anxiety Inventory (STAI) [33] was used to evaluate anxiety with six questions in a scale from 1 to 4
in each question (anxiety at all times and the person’s vulnerability to anxiety). Scores were totaled to
form an anxiety score (range 6–24) and used in analyses both as a continuous and categorical (a total
score ≥ 12 (95th percentile) was used as a cut-off point).

Data of delivery and newborn health
The data of the delivery and newborn health were collected from hospital medical records and hospital
register data. Maternal delivery variables included gestational weeks at the time of delivery, duration of
delivery (phase I [min], phase II [min], total duration [min]), the type of delivery (spontaneous
vaginal/vacuum delivery/elective caesarean section/acute caesarean section), and the use of oxytocin
for induction or augmentation during delivery (yes/no). The newborn variables were weight (grams),
standardized birth weight, Apgar scores (at 1 minute and 5 minutes), and pH of the umbilical artery
(uApH) and umbilical vein (uVpH) at birth.

Statistical analyses
Sleep variables, depressive and anxiety symptoms, delivery and newborn variables and basic
characteristics were �rst submitted for descriptive analysis and were expressed as means and standard
deviations (SD) and ranges or frequencies (numbers and percentages). Insomnia total score, sleep
duration, sleep loss, CES-D total score (depression score) and STAI total score (anxiety score) were used
both as continuous and dichotomous variables (cut off points: Insomnia score ≥ 4, sleep duration < 6
hours, sleep loss > 2 hours, CES-D ≥ 12, STAI ≥ 12). Sleep need was considered as continuous and
snoring as dichotomized (no = ’1–2 times per week/night or less’ vs yes = ’3–5 days or more a week’).
Maternal age and BMI were considered as continuous. Delivery variables were considered as categorized,
except for gestational weeks at birth, which were calculated as continuous. Newborn variables were
considered as continuous, except for the Apgar scores, which were categorized as ≤ 7 or > 7 (both at 1
minute and 5 minutes).

Finally, we conducted a series of regression models to control for potentially confounding background
factors (age, parity, BMI, general health, smoking and education). Linear regression models were used to
study factors related to gestational age, birth weight and standardized birth weight, duration of delivery
(phases I and II and total duration) and birth variables (Apgar scores at 1 and 5 minutes and uApH).
Logistic regression was used to study the odds of oxytocin use and elective caesarean section. The cases
with caesarean section were excluded from the models where birth variables or duration of delivery were
studied (the n in the models varied between 1258–1268).

In the modelling, each explanatory factor was studied separately to control for the confounding factors in
the statistical models. P-values of < 0.05 were considered as statistically signi�cant and are bolded in the
tables. Statistical computations were performed using SPSS Statistics 26 data program.
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Results

Basic characteristics
Maternal characteristics are shown in Table 1. Sociodemographic factors included age (years), parity
(nulliparous/multiparous) and education (low [no education or vocational training]/intermediate/high
[university]). Health behavior factors included body mass index at the time of the survey (BMI, kg/m2)
and smoking (yes/no). Questions about the participant’s state of health comprised of the existence of a
long-term disease/disability (yes/no; if yes, specify).

Table 1
Basic characteristics

  n Mean (SD) or % Range

Age (years) 1411 30.6 (4.6) 17–48

BMI (kg/m2) 1376 28.4 (4.4) 19.2–47.6

Vocational education 1382    

None or some vocational training 99 7.2 %  

Vocational degree or polytechnic 797 57.7 %  

University 486 35.2 %  

Parity 1319    

Nulliparous 612 46.4 %  

Multiparous 707 53.6 %  

Smoking during pregnancy 1409    

Yes 84 6.0 %  

Long term disability or illness 1414    

Yes 305 21.6 %  

BMI body mass index

Maternal sleep quality and mood symptoms
Sleep disturbances, sleep durations and depressive and anxiety symptoms are described in Tables 2–3.
The most common sleep disturbance was nocturnal awakenings, with 98.6% of the mothers experiencing
this weekly and 83.4% daily.
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Table 2
Maternal sleep duration, insomnia and mood symptoms

  n Mean (SD) or % Range

Sleep duration (min) 1408 484 (63) 180–720

Sleep duration < 6 hours 59 4.2 %  

Sleep need (min) 1403 529 (60)  

Sleep loss (min) 1398 45 (63) 300–1140

Sleep loss > 2 hours 100 7.2 % -240-+600

Insomnia score 1406 1.8 (1.1) 0–5.0

Depression score (CES-D) 1410 5.2 (3.5) 0–23.0

Anxiety score (STAI) 1413 9.0 (2.4) 6–21.0

CES-D Center for Epidemiologic Studies Depression Scale, STAI State-Trait Anxiety inventory,
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Table 3
Maternal sleep quality and speci�c sleep disturbances

  total
n

n (%) n (%) n (%) n (%) n (%)

    Never or less
than

once a
month

or night

Less than
one

day a
week

or night

On 1–2
days

a week

or night

On 3–5
days

a week

or night

Daily or
almost daily

Di�culties to fall
asleep

1414 495 (35.0 %) 428 (30.3
%)

295 (20.9
%)

133
(9.4 %)

63 (4.5 %)

Awakenings per
week

1413 4 (0.4 %) 14 (1.0 %) 57 (4.0 %) 160
(11.3
%)

1178 (83.4
%)

Awakenings per
night

1408 23 (1.6 %) 394 (28.0
%)

490 (34.8
%)

436
(31.0
%)

65 (4.6 %)

Too early
awakenings

1413 507 (35.9 %) 454 (32.1
%)

305 (21.6
%)

114
(8.1 %)

33 (2.3 %)

Snoring 1360 831 (61.1 %) 196 (14.4
%)

142 (10.4
%)

69 (5.1
%)

122 (9.0 %)

    Well Quite well Intermediate Quite
poor

Poor

General sleep
quality

1414 194 (13.7 %) 550 (38.9
%)

284 (20.1
%)

330
(23.3
%)

56 (4.0 %)

Delivery and newborn outcomes
Of all mothers, 98.2% had a full term pregnancy (≥ 37 gestational weeks, range 33–42) and 82.3%
delivered vaginally. Of the operative deliveries, the caesarean section rate was low 10.0% and the vacuum
extraction rate 7.6%. Oxytocin (induction or augmentation) was used in over half of deliveries (Table 4).
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Table 4
Delivery and newborn outcomes

  n % or Mean (SD) Range

Gestational age at delivery (weeks) 1414 40.1 (1.2) 33.0-42.7

Delivery < 37 gestational weeks (%) 25 1.8 %  

Delivery type 1410    

Spontaneous vaginal 1162 82.4 %  

Vacuum 106 7.5 %  

Elective caesarean 41 2.9 %  

Acute caesarean 101 7.2 %  

Duration of delivery      

Duration phase I (min) 1407 480 (350) 10-2315

Duration phase II (min) 1268 21 (19) 1-114

Total duration (min) 1407 511 (362) 10-2357

Oxytocin use 1411    

Yes 811 57.5 %  

Birth weight (gram) 1414 3597 (449) 1950–5780

Birth weight Z-score 1414 -0.1 (0.9) -2.8-+6.4

Birth length (cm) 1414 50.5 (1.9) 42.0–58.0

Birth length Z-score 1414 0.0 (1.0) -3.9-+4.9

Head circumference (cm) 1412 35.0 (1.4) 30.5–40.0

Head circumference Z-score 1412 0.0 (1.0) -3.0-+3.6

Apgar scores      

1 minutes 1403 8.5 1–10

5 minutes 1401 8.9 3–10

Newborn pH      

Artery 1398 7.3 6.8–7.6

Vein 203 7.3 7.0-7.5
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Of all the newborns, 1.2% (n = 19) had a standardized birth weight under − 2 SD and 2% (n = 28) over + 2
SD. Umbilical artery pH (uApH) was normal in most cases of the newborns: 3.2% (n = 45) had a uApH < 
7.10 and only 0.1% (n = 2) uApH < 7.00. The vein pH was available only in 203 newborns and it was thus
not included in the analysis. The 1-minute Apgar scores were < 7 in 3.1% (n = 44) and the 5-minutes Apgar
scores were < 7 in 0.1% (n = 4). The newborn data is shown in Table 4.

Associations between maternal sleep quality and mood
symptoms and delivery outcomes
Mothers with a higher insomnia score delivered at a lower gestational age (Table 5); a one point increase
in the insomnia score shortened the duration of pregnancy, on average by half (0.5) day (0.06 week). In
addition, longer sleep need was associated with slightly (0.5 days) longer duration of pregnancy
(Table 5). The results remained after controlling for the other sleep variables and mood symptoms.
However, the mean gestational week at delivery fell within the normal range in the entire sample. Sleep
loss was associated with longer duration of phase 1 and longer total duration of the delivery (Table 6).
Instead, snoring was associated with a shorter duration of phase I and a shorter total duration of the
delivery.
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Table 5
Associations between maternal sleep quality, mood symptoms and gestational age and birth weight

Predictor

variable

Gestational age (weeks) Birth weight (grams) Standardized birth
weight

  Adjusted β
(SE)

p-
value

Adjusted β
(SE)

p-
value

Adjusted β
(SE)

p-
value

Sleep duration
(h)

0.05 (0.03) 0.137 28.06 (12.00) 0.019 0.05 (0.02) 0.053

Sleep need (h) 0.07 (0.04) 0.047 27.61 (12.53) 0.028 0.04 (0.03) 0.126

Sleep loss (h) 0.01 (0.03) 0.767 -2.70 (11.76) 0.818 -0.01 (0.02) 0.656

Insomnia score -0.06 (0.30) 0.047 -28.30 (10.94) 0.010 -0.04 (0.02) 0.065

Sleep quality -0.11 (0.08) 0.176 -62.15 (27.70) 0.0025 -0.10 (0.06) 0.076

Snoring 0.10 (0.12) 0.391 71.79 (43.26) 0.097 0.13 (0.09) 0.149

Depression
score

(CES-D)

-0.01 (0.01) 0.565 -0.69 (3.59) 0.847 0.00 (0.01) 0.784

Anxiety score

(STAI)

-0.01 (0.01) 0.627 -4.09 (5.22) 0.434 -0.01 (0.01) 0.524

All models are adjusted for age, parity, BMI, general health, smoking and education. All variables are
considered as continuous variables except for snoring which was considered as categorical (no vs.
yes).

β adjusted regression coe�cient, SE standard error, CES-D Center for Epidemiologic Studies
Depression Scale, STAI State-Trait Anxiety inventory.
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Table 6
Associations between maternal sleep quality and mood symptoms and duration of delivery in women

with vaginal (spontaneous or assisted) delivery
Explanatory variable I phase2 II phase2 Total duration2

  Adjusted1 β
(SE)

p-
value

Adjusted1 β
(SE)

p-
value

Adjusted1 β
(SE)

p-
value

Sleep duration (h) -0.011 (0.01) 0.124 0.011 (0.012) 0.360 -0.010 (0.007) 0.151

Sleep need (h) 0.010 (0.01) 0.213 0.004 (0.012) 0.749 0.010 (0.007) 0.199

Sleep loss (h) 0.019 (0.01) 0.001 -0.007
(0.001)

0.525 0.017 (0.007) 0.012

Insomnia score -0.001 (0.07) 0.905 0.003 (0.01) 0.759 0.00 (0.006) 0.959

Snoring -0.07 (0.03) 0.010 -0.057
(0,043)

0.181 -0.063 (0.026) 0.015

Depression score
(CES-D)

0.001 (0.002) 0.815 0.001 (0.003) 0.865 0.00 (0.002) 0.823

Anxiety score (STAI) -0.001
(0.003)

0.778 0.004 (0.005) 0.433 -0.001 (0.003) 0.787

1 All models are adjusted for age, parity, BMI, general health, smoking and education. Models are
performed only in women with vaginal delivery (spontaneous vacuum assisted, n = 1268).

2 All outcome variables were log transformed before analyses. All variables are considered as
continuous variables except for snoring which was considered as categorical (no vs. yes).

β adjusted regression coe�cient, SE standard error, CES-D Center for Epidemiologic Studies
Depression Scale, STAI State-Trait Anxiety inventory.

When considered as categorical, a high level of insomnia score, a high level of depression score and a
high-level anxiety score were related to higher odds for being treated with oxytocin during delivery and
higher depressive and anxiety scores with higher odds for elective (but not with acute) caesarean section
(Table 7). No other associations with delivery outcomes emerged.

Associations between maternal sleep quality and mood
symptoms and newborn outcomes
Mothers with higher insomnia scores and lower general sleep quality delivered infants with lower weight
(Table 5). Furthermore, those with longer sleep duration and longer sleep need delivered infants with
higher weight. However, when the gestational week at delivery was considered using standardized birth
weight as outcome, all these �ndings lost their statistical signi�cance (Table 5). Concerning Apgar scores
and the uApH, no associations between the sleep variables or mood symptoms were found (data not
shown).
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Explanatory variable Oxytocin use Elective Caesarean Section

  Adjusted OR (95 %
CI)

p-
value

Adjusted OR (95 %
CI)

p-
value

Sleep duration (< 6 hours) 1.27 (0.65-2.49) 0.481 1.66 (0.47-5.81) 0.430

Sleep loss (> 2 hours) 0.86 (0.53-1.41) 0.553 1.46 (0.49-4.33) 0.497

Insomnia score < vs. ≥ 4 1.54 (1.00-2.38) 0.049 0.84 (0.29-2.44) 0.743

Snoring (no vs. yes) 1.01 (0.64-1.60) 0.969 2.17 (0.03-4.40) 0.074

Depression score (CES-D) (< vs.  
  ≥ 12) 

1.76 (1.02-3.04) 0.044 4.67 (2.04-10.68) <0.001

Anxiety score (STAI) (< vs. ≥ 12)  1.91 (1.28-2.84) 0.001 2.22 (1.03-4.79) 0.042

All the above-mentioned results remained when the other sleep variables and mood symptoms were
considered in the statistical modelling (data not shown).
Table 7. Odds rations for oxytocin use in women with vaginal delivery (n = 1268) 

and risk for elective cesarean section in all women (n = 1410)

1 All models are adjusted for age, parity, BMI, general health, smoking and education.  All explanatory
variables are considered as categorical variables.

OR adjusted odds ratio, CI con�dence interval, CES-D Center for Epidemiologic Studies Depression Scale,
STAI State-Trait Anxiety inventory.

Discussion
In our sample, comprising of late gestational week pregnancies, both insomnia and sleepiness symptoms
were very common. As described earlier in this article, we found some speci�c correlations between sleep
disturbances and delivery and newborn outcomes. However, the absolute risks related to insomnia and
mood symptoms were small and thus their clinical signi�cance remains unclear.

As stated earlier in this article; maternal poor sleep during pregnancy is a risk factor for preterm delivery
[9, 10]. We could not con�rm this �nding of prematurity, but still in our study insomnia symptoms were
associated with delivery in earlier gestational weeks, albeit the effect was low. We also found that longer
sleep duration and higher sleep need were associated with slightly longer duration of pregnancy. This
�nding supports the thought of su�cient sleep leading to a better pregnancy outcome. Of note was,
however, that sleep loss, calculated by subtracting sleep need from sleep duration, was not associated
with any delivery or newborn variables.

Our sample was recruited relatively late in the third trimester and thus the actual insomnia symptoms
may have been short time, which could explain our weaker �ndings. In addition, the women delivering
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very preterm were presumably less likely to participate in the study as the recruitment of the participants
started around 30th week of pregnancy. Thus, more studies are warranted, particularly using follow-up
samples starting already from early pregnancy.

Prior research concerning maternal sleep disturbances and duration and type of delivery is limited and
partly controversial. Insomnia symptoms and short sleep duration, especially during the last trimester,
have been suggested to predispose to a longer duration of delivery [13, 16]. We found partly similar
results; sleep loss was associated with longer �rst phase and total time of the delivery. On the other hand,
in our study, neither sleep disturbances, sleep quality or total sleep duration were associated with the
duration of delivery. This is consistent with an American study with 99 mothers [18] which found no
effect of sleep quality or sleep duration on the duration of delivery phases. One explanation for
inconsistencies in results could be the varying clinical practices between the countries and the
differences in the ways of notating the delivery durations.

Concerning the mode of the delivery, in the group of 131 American mothers [14], sleeping less than six
hours per night one week before delivery was a risk factor for unplanned caesarean section. Moreover, the
two earlier described Iranian studies [13, 16] found that both low sleep quality and short sleep duration in
the third trimester were risk factors for caesarean section in general. In a large Swedish study [34], the
researches screened retrospectively the electronic perinatal records of 6467 primiparas for free-text words
that indicated stress, sleep disturbances and worry, and found that the existence of these words in the
charts predicted an increased risk for an emergency caesarean section. In addition, in a Taiwanese study
of 120 mothers [35], poor sleepers in the third-trimester were more likely to have a vacuum-assisted
delivery. We could not con�rm the associations between sleep disturbances and the mode of delivery. We
found no correlation between maternal sleep and caesarean section, neither elective nor acute, which is in
line with the results of the earlier mentioned American study [18] and also with a Canadian study of 624
women [17]. Of note is, that assessment of sleep disturbances in previous studies has varied widely and
structured sleep questionnaires, as used in our study, have been utilized seldom. Furthermore, the
frequencies of instrumental deliveries, and especially the rates of caesarean section ranges considerably
between the studies (and countries) from our 10 % to even 55 % [15–17].

According to our results, snoring was associated with delivery duration, however, in contrast to our
expectations, it was associated with a shorter delivery duration. The reason for this �nding is unclear and
its meaning remains uncertain. Earlier, in a large American study of 1673 mothers, snoring during
pregnancy was associated not only with a lower birth weight but also with a higher risk of an elective and
emergency caesarean section [8]. In another study [36], however, no association between snoring and
delivery was found. Nevertheless, in our study, snoring did not relate to other delivery or newborn
outcomes so this �nding could also be a random association. Comparing previous studies is challenging,
as the methodology varies between the studies.

Depressive symptoms prior to delivery have been reported to increase the risk of emergency caesarean
section [25]. We found only that severe mood symptoms, both depressive and anxiety symptoms, were
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associated with elective caesarean section: mothers with higher depressive score had an almost �ve
times and mothers with higher anxiety scores an over two times higher incidence. No association with
emergency caesarean emerged. Our �nding of the risk for elective caesarean is probably explained by
fear of childbirth. Mood symptoms, anxiety and depression, co-exist often with the fear of child birth [37],
and willingness to undergo a caesarean section among these mothers is common and today fear of
giving birth is the leading cause for elective cesarean in Finland. The importance of our �nding was
notable, especially since the caesarean section rate in our study was low as the sample was recruited at
the third trimester and breech and twin pregnancies were excluded. The overall elective caesarean section
rate in Finland was 7,0% in 2019 (thl.�).

High insomnia score, high depressive score and high anxiety score correlated with the use of oxytocin
during delivery. These �ndings were novel ones. Oxytocin causes the contractions of the uterus during
delivery and stimulates lactation [38]. It also plays an important role in increasing maternal-fetal trust and
bonding and modulates fear, stress and anxiety [39]. Anxiety which occurs in the third trimester and
during delivery has been shown to have negative effects on the duration of all the phases of delivery [40].
In addition, in a recent large retrospective study women exposed to additional oxytocin during delivery
were at a higher risk for the development of postpartum depressive and anxiety disorders [41]. Mood
symptoms often co-exist with insomnia, so the �nding of all these symptoms leading to the need of
oxytocin is rational. It is possible that pregnant women suffering from insomnia or mood symptoms have
lower levels of oxytocin during delivery or they have a decreased binding ability of oxytocin to the uterine
oxytocin receptors and therefore these women need additional oxytocin stimulus. Unfortunately, in our
cohort we could not reliably �nd out whether the oxytocin used during deliveries was for induction or for
augmentation. In addition, the use of oxytocin during delivery is also dependent on the physician and
mid-wife policy and can vary widely. As oxytocin is important in maternal-fetal bonding and presumably
is lower in mothers with anxiety, more research is needed to better understand the possible associations.

There are only few studies addressing the relationship between maternal sleep and mood symptoms and
newborn outcomes, but most of these studies concentrate on maternal sleep duration. Sleep loss has
shown to negatively relate to fetal growth and lead to a lower birth weight [19]. We found that higher
insomnia scores and lower general sleep quality were associated with lower birth weight and longer sleep
duration and longer sleep need with slightly higher birth weight. Nevertheless, when the birth weight was
standardized with gestational age at delivery, all these associations disappeared. This emphasizes the
importance to control for gestational length when studying birth weight. It has also been hypothesized
that as a consequence of the suboptimal prenatal environment, the fetus has less resources at birth,
resulting in lower Apgar scores [12]. Again, according to the Iranian study with 457 participants, mothers
sleeping less than eight hours per day in the third trimester have shown to deliver newborns with lower
Apgar scores compared to mothers sleeping longer [13]. Nonetheless, in that study, the clinical relevance
of the �nding remained unclear, since the Apgar scores of the newborn of short sleeping mothers fell also
within the normal range. In our study, no clinically relevant correlations emerged. This was true also in a
Chinese study with 248 women and in a Canadian study with 650 mothers, where no correlations
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between maternal sleep variables and newborn health state at delivery were found [17, 35]. However, of
note is, that our study did not consider the effect in the case of very preterm newborns.

Our study comprised of a large sample of pregnant Finnish women recruited during the third trimester
and delivery and newborn data drawn from registers. Based on validation studies, the accountability and
coverage of the Finnish health care register data are high and reliable [42]. We used questionnaires, which
have been shown to be valid and reliable [31] and have been used in similar studies earlier [43]. However,
there were limitations to the study. In our cohort, the caesarean and vacuum assisted delivery rates were
signi�cantly lower than in the general population in Finland and therefore there might be a selection bias
in the results. Concerning the caesarean, the main reason for the low rate was the exclusion of breech
presentation, twin pregnancies, and very preterm deliveries. The study assessed maternal sleep over the
past months before delivery and can therefore reliably present only the effect of sleep in late pregnancy.
The study was based on subjective questionnaires and no objective sleep data was collected. It is known
that objective measurements of sleep can differ considerably from subjective self-reported sleep [44].
Nevertheless, the report errors were randomly distributed and thus equivalent for all the participants. In
addition, our cohort comprised of women delivering mainly full term and thus our study did not consider
the effects in the case of very preterm newborns, so the results cannot be interpreted in preterm cases.

Conclusions
In our study we found statistically signi�cant associations between both sleep quality and mood
symptoms and delivery and newborn outcomes, but the absolute risks were small. Although this �nding
can be considered favorable, sleep disturbances and mood symptoms are still a major health issue
during pregnancy. It is important to notice that maternal sleeping problems and mood symptoms are
clinically highly relevant regarding for example maternal subjective wellbeing and risk for post-partum
depression [43] and therefore should also be considered as possible risk factors for undesirable delivery
outcomes and poorer newborn health. However, it might ease the burden of stress related to course of
pregnancy to know that risk related to insomnia and mood symptoms on delivery and new-born appear to
be small. Finally, it is of note that our data represented only symptoms in late pregnancy and thus our
results cannot be extrapolated in the situation of mothers with long term insomnia and mood symptoms.
Therefore, future studies recruiting mothers in early pregnancy or even before pregnancy are needed.
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Figure 1

Mothers who had an incomplete questionnaire, missing delivery or newborn data or who had completed
the questionnaire before gestational week 24 or after the delivery were excluded (n = 116). The mothers
�lled in the questionnaire on average in the gestational week 35 (range 24-41). Since the delivery
outcomes were of especial interest in our study, we also excluded twin pregnancies (n = 10) and
pregnancies with a fetus in other than a cephalic presentation (n = 58). A �nal sample of 1414 women
remained to form the study population. The mothers were recruited between April 2011 and December
2012, and the infants were born between April 2011 – February 2013. During that time period,
approximately 7700 infants ful�lling the inclusion criteria were born in the target area, but due to the
exclusion criteria, maternal refusals, language di�culties, and a failure on the prenatal nurses’ part to
present the survey to the mothers, the sample coverage was approximately 20% (Figure 1).


