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ABSTRACT
Objective/Background: Insomnia and depression are disorders that affect
many perinatal women and that often are interrelated. The present study
aimed to examine concurrent and prospective associations between mid-
pregnancy insomnia and depression during mid-pregnancy and 8 weeks
postpartum. Furthermore, differences in depression and in the sleep-related
characteristics insomnia, chronotype, and sleep efficiency were explored
between the two time points (mid-pregnancy versus 8 weeks postpartum),
and between primiparous and multiparous participants.
Participants/Methods: The study was part of the Norwegian population-
based Depression and Anxiety in the Perinatal Period (DAPP) prospective cohort
study. Among 539 women that were recruited for participation when receiving
a routine ultrasound examination, we analyzed data from hospital birth records
and questionnaire responses from pregnancy week 17 and postpartum week 8.
We used the Edinburgh Postnatal Depression Scale to measure depression. The
Bergen Insomnia Scale, the reduced Horne-Östberg Morningness-Eveningness
Questionnaire, and three questions from the Pittsburgh Sleep Quality Index
were used to measure the sleep-related characteristics.
Results: Mid-pregnancy insomnia was significantly associated with concur-
rent depression (p < .001), but not with postpartum depression (p = .288), in
a linear mixed model with adjustment for several reproductive and psycho-
social variables. Sleep efficiency was reduced from mid-pregnancy to post-
partum (from 88% to 77%), and primiparous women reported less efficient
sleep than multiparous women after childbirth.
Conclusions: The results indicate that mid-pregnancy insomnia may be
a marker for concurrent depression but not a predictor of postpartum
depression. Future research should examine the extent to which treatment
of insomnia from mid-pregnancy on reduces both perinatal insomnia and
depression.

Introduction

Insomnia is the most prevalent among the sleep disorders, affecting more women than men (Bei
et al., 2015; Morin & Benca, 2012). Pregnant women frequently experience insomnia, with rates
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ranging between 12% and 38% during early gestation (Facco et al., 2010; Okun et al., 2015), and
rising to 60% in the third trimester (Sivertsen et al., 2015). Insomnia is considered an independent
disorder (American Psychiatric Association, 2013) but can co-occur with other disorders, such as
depression (Riemann et al., 2017). Estimated to be present in 6.5%–19% of perinatal women (Gavin
et al., 2005), depression was reportedly equally prevalent during the antenatal and postpartum
periods (Milgrom et al., 2008), or even more prevalent antenatally (Underwood et al., 2016),
which suggests that many cases of postpartum depression likely develop during pregnancy (Gavin
et al., 2005). Indeed, the recognition of that relationship is reflected in changes in the DSM-5, which
now specifies peripartum onset of depression, instead of only postpartum onset (American
Psychiatric Association, 2013). In non-perinatal populations, insomnia has been found to predict
depression (Hertenstein et al., 2018). Thus, it is conceivable that insomnia and depression are
associated during the perinatal period.

The negative implications that postpartum depression can have for the mother–infant attachment
(Field, 2010), as well as for children’s behavioral (Avan et al., 2010) and health outcomes (Murray
et al., 2011) are well known, but also antenatal depression is associated with disturbances in child
development (Pearson et al., 2013). Even sub-clinical maternal depression has been linked to adverse
outcomes during childhood, which justifies emphasis on the need for early perinatal identification
across different levels of severity (Kingston et al., 2018). Depressed pregnant women are not only
underdiagnosed (Byatt et al., 2012), but also reluctant to seek help (Byatt et al., 2016), both of which
imply that identifying variables that can reveal antenatal symptoms of depression might be an
effective strategy to detect women who require additional care throughout the perinatal period
(Fisher et al., 2016). Moreover, antenatal depression is an important risk factor for postpartum
depression (Wisner et al., 2013).

Disturbances in sleep during pregnancy are associated with several adverse health outcomes,
including increased risk of gestational diabetes (Cai et al., 2017), binge eating disorder (Chang et al.,
2010), preterm birth (Okun et al., 2011), longer labor, and the need for cesarean delivery (Chang
et al., 2010). Postnatally, sleep disturbances among mothers are associated with reduced neurobe-
havioral performance, including impaired daytime attentiveness (Insana et al., 2013). At the same
time, primiparous and multiparous women experience different perinatal challenges (Krieg, 2007).
Given these possible outcomes, the need for longitudinal studies on changes in perinatal sleep (Sedov
et al., 2018) that also focus on differences between primiparous and multiparous women (Franco-
Sena et al., 2018), as well as additional research into the relationship between sleep and depression
during the perinatal period (Kamysheva et al., 2010), has been highlighted.

The few studies that previously have explored associations between insomnia specifically and
depression during the perinatal period are characterized by cross-sectional designs (Dørheim et al.,
2012; Swanson et al., 2011), recruitment from psychiatric settings (Swanson et al., 2011), limited
availability of data regarding covariates (Marques et al., 2011; Swanson et al., 2011), and assessments
late in pregnancy (Dørheim et al., 2014; Marques et al., 2011; Pietikäinen et al., 2018). Late-
pregnancy insomnia was associated with postpartum depression at 8 weeks (Dørheim et al., 2014)
and 3 months (Marques et al., 2011) postpartum only when unadjusted for previous depression.
Consequently, insomnia as late as during the final gestational phase may represent a prodrome, or an
early symptom, of recurrent depression after childbirth instead of an independent risk factor for
postpartum depression (Sivertsen et al., 2012). Given that cognitive behavioral treatment, which is
the recommended first-line treatment for chronic insomnia, typically requires 4–8 sessions
(Riemann et al., 2017), we wanted to examine symptoms of insomnia and depression at a point in
time during pregnancy from which such treatment interventions can be completed before delivery.
To our knowledge, this prospective study of 539 perinatal women from the general population is the
first to examine the relationship between antenatal insomnia and perinatal depression from as early
on as mid-pregnancy.

The primary aim of this study was to examine concurrent and prospective associations between mid-
pregnancy insomnia and depression during mid-pregnancy and 8 weeks postpartum, while adjusting for
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several previously identified risk factors for both insomnia and perinatal depression (Lancaster et al.,
2010; Robertson et al., 2004; Singareddy et al., 2012). We hypothesized that mid-pregnancy insomnia is
associated with concurrent and postpartum depression. Furthermore, differences in depression and in
the sleep-related characteristics insomnia, chronotype, and sleep efficiency were explored between the
two time points (mid-pregnancy versus 8 weeks postpartum), and between primiparous andmultiparous
participants.

Methods

Design and study procedure

Our study was part of the Depression and Anxiety in the Perinatal Period (DAPP) Study,
a prospective cohort study targeting all women scheduled to deliver at Ålesund Hospital in
Norway. The hospital serves a population of roughly 100,000 people, among whom an average of
1300 women give birth each year. To collect data, we administered questionnaires during mid-
pregnancy (i.e., pregnancy week 17) (Q1) and during week 8 postpartum (Q2), the results of which
we linked to hospital birth records. Figure 1 illustrates the procedure of the study.

Study sample

The public antenatal care program in Norway provides a routine ultrasound examination, free of
charge, at gestational week 17. Our study’s target population was all women who received that
ultrasound examination, provided that they were at least 18 years of age and able to answer
a questionnaire in Norwegian. From November 2015 to April 2017, a total of 1748 women came
for this examination at Ålesund Hospital, of whom 755 (43%) provided written consent to partici-
pate and were included in the study. Possible reasons for nonparticipation were refusal of invitation,
time constraints, or receiving the examination during the evening when recruiting personnel could

Questionnaire 2 (Q2)
Postpartum week 8
Constructs measured:
BIS (insomnia)
EPDS (depression)
PSQI (sleep efficiency)
Breastfeeding
Smoking
Economic worries

Questionnaire 1 (Q1)
Pregnancy week 17
Constructs measured:
BIS (insomnia)
EPDS (depression)
PSQI (sleep efficiency)
rMEQ (chronotype)
Anxiety symptoms
Fear of childbirth
Current mental health issues
Previous depression
Previous anxiety disorder
Stress factors
Maternal age
Marital status
Educational level
Body mass index
Smoking
Relationship satisfaction
Pregnancy planning
Nausea
Parity

Birth record

Constructs measured:
Birth method
Birth weight
Child’s gender
Gestational age

Figure 1. The Depression and Anxiety in the Perinatal Period (DAPP) study: overview of the study procedure.
Abbreviations: BIS: Bergen Insomnia Scale; EPDS: Edinburgh Postnatal Depression Scale; PSQI: Pittsburgh Sleep Quality Index; rMEQ: the reduced
Horne-Östberg Morningness-Eveningness Questionnaire.
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be absent. Ultimately, the study sample consisted of 539 women who returned both questionnaires
and submitted data regarding all variables included in our primary analysis. They represented 85% of
the women who returned the first questionnaire. Figure 2 presents details about the study sample.
The DAPP Study was approved by the Regional Committees for Medical and Health Research Ethics
(approval number 2014/1480/REC South East).

Measures

Sleep measures
To measure insomnia during mid-pregnancy (Q1) and postpartum (Q2), participants completed the
Bergen Insomnia Scale (BIS), which includes six items corresponding to the DSM-IV-TR diagnostic
criteria for insomnia (American Psychiatric Association, 2000). The score of each item ranges from 0
to 7, which reflects the number of days per week during the last month when respondents
experienced various symptoms of insomnia. The first four items measure sleep impairment accord-
ing to DSM-IV-TR criterion A for insomnia, whereas the last two assess daytime sleepiness or
tiredness and dissatisfaction with sleep according to DSM-IV-TR criterion B. The BIS provides
a total score on a continuous scale as well as a dichotomous score for the presence or absence of

Scheduled for ultrasound examination

n = 1748

Returned Q1 

n = 632 (A)

Returned Q2

n = 577 (91% of A)

Not invited or declined invitation, n = 993

Included

n = 755

Did not return Q2, n = 53 or had stillbirth, n = 2

Did not return Q1, n = 123

Study sample:

n = 539 (85% of A)

Excluded due to missing values in main 

variables, n = 38

Figure 2. The Depression and Anxiety in the Perinatal Period (DAPP) study: overview of inclusion, response rates, and the study
sample.
Abbreviations: Q1: Questionnaire 1 in pregnancy week 17; Q2: Questionnaire 2 in postpartum week 8.
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insomnia. Individuals were characterized as having insomnia if they reported ≥3 days per week on
any of the first four items combined with ≥3 days per week on any of the last two items. Absence of
insomnia is referred to as normal sleep (Wassing et al., 2018). The BIS demonstrates good psycho-
metric properties (Pallesen et al., 2008), and has been used in several studies involving surveys of
pregnant women (Dørheim et al., 2014; Osnes et al., 2019).

We included three questions from the Pittsburgh Sleep Quality Index (PSQI) in both Q1 and Q2
to measure the average point of time when the women went to bed and woke up, as well as their
average total amount of sleep during the previous month (Buysse et al., 1989). The PSQI has been
validated for use among pregnant women (Jomeen & Martin, 2007). From those data, we calculated
habitual sleep efficiency as time spent sleeping divided by time spent in bed. When calculations of
sleep efficiency exceeded 100% due to self-reports (n = 12 in Q1 and n = 5 in Q2), we recorded sleep
efficiency as 100%.

Only Q1 included the reduced Horne-Östberg Morningness-Eveningness Questionnaire (rMEQ)
(Horne & Östberg, 1976), which measures chronotype, i.e., circadian phase preference in terms of
having an evening (“night owl”) or a morning (“early bird”) preference (Sharkey et al., 2013). The
rMEQ consists of five questions yielding total scores from 4 to 25; a lower score indicates “even-
ingness” and a higher score “morningness”. Scores on the rMEQ can be divided into five categories:
definitely evening type (score <8), moderately evening type (score 8–11), neither type (score 12–17),
moderately morning type (score 18–21), and definitively morning type (score >21) (Adan &
Almirall, 1991). Due to low n in the two extreme categories, the five categories of the rMEQ were
merged into three categories for some analyses: evening type (score <12), neither type (score 12–17),
and morning type (score >17).

Depression measures
To gauge perinatal depression, the questionnaires both during mid-pregnancy (Q1) and postpartum
(Q2) included the Edinburgh Postnatal Depression Scale (EPDS), a 10-item scale assessing symptoms
of depression during the previous 7 days (Cox & Sagovsky, 1987). The score for each item ranges
from 0 to 3, and a higher sum score indicates more symptoms. A cutoff of ≥10 affords good
psychometric properties for the diagnosis of postpartum depression (Eberhard-Gran et al., 2001), has
been used among pregnant women (Eberhard-Gran et al., 2004), and was also the cutoff we used to
define perinatal depression. Although the EPDS was developed for postpartum depression screening,
it also shows good psychometric properties and is validated for use during pregnancy (Bergink et al.,
2011). Additionally, we constructed a 9-item EPDS subscale that excluded item 7 regarding sleep
difficulty (i.e., “I have been so unhappy that I have had difficulty sleeping”).

The Lifetime Major Depression Scale, which measures previous depression based on DSM-IV
criteria (Kendler et al., 1993), was included in Q1. It comprises five items concerning sadness,
appetite change, lack of energy, self-blame, and poor concentration, to be answered “Yes” or “No”.
Having had at least three symptoms simultaneously for a minimum of two consecutive weeks was
defined as a previous depression. The scale shows high reliability for measuring lifetime history of
major depression (Kendler et al., 1993).

Anxiety measures
Symptoms of anxiety was measured during mid-pregnancy (Q1) and postpartum (Q2) using the
anxiety dimension SCL-A (i.e., the first ten items) from the Hopkins Symptom Checklist-25 (SCL-
25) (Derogatis et al., 1974). Referring to the past 7 days, the score for each item ranges from 1 to 4,
and higher scores indicate more severe symptomatology. The Norwegian version of the SCL-25 has
been validated against the criteria of the International Classification of Diseases (ICD) for anxiety
and depression (Sandanger et al., 1998), and the SCL-A shows good psychometric properties and
reliable construct measurement (Veijola et al., 2003). Anxiety was defined as having a SCL-A score
≥18 (Osnes et al., 2019).

BEHAVIORAL SLEEP MEDICINE 5



In Q1, participants reported whether a health professional had ever diagnosed them with an
anxiety disorder (i.e., generalized anxiety disorder, social phobia, specific phobia, panic disorder,
agoraphobia, obsessive-compulsive disorder, or post-traumatic stress disorder) (American
Psychiatric Association, 2000). If participants reported having been diagnosed with one or more of
those disorders, we categorized them as having had an anxiety disorder.

Reproductive measures
In the mid-pregnancy questionnaire (Q1), participants reported whether they had planned their
pregnancy and whether they had experienced a problematic degree of nausea during the first
trimester. We asked participants whether they had previously given birth, and if so, we characterized
them as multiparous. Also, in Q1, we used 6 factors from the 33-item Wijma Delivery Expectancy/
Experience Questionnaire version A (W-DEQ) (Wijma et al., 1998), which measures fear of child-
birth (Garthus-Niegel et al., 2011). From hospital birth records, we retrieved data regarding
emergency and elective cesarean sections, gestational age, and infant gender and birth weight. In
the postpartum questionnaire (Q2), we asked participants whether they were breastfeeding, to be
answered “Yes” (i.e., either exclusively or partly) or “No”.

Psychosocial measures
The mid-pregnancy questionnaire (Q1) contained the Relationship Satisfaction Scale, a 10-item,
modified and shortened version of Mehrabian’s Marital Satisfaction Scale (Blum & Mehrabian,
1999), assessing partners’ closeness, problems, happiness, responsiveness, plans for quitting the
relationship, satisfaction with the relationship, disagreements, feeling lucky with the other partner,
views on child rearing, and thoughts regarding the other partner’s satisfaction. The score for each
item ranges from 1 to 4, and greater total scores indicated lower satisfaction with the relationship.
The instrument has been used in previous studies conducted in Norway (Osnes et al., 2019; Røsand
et al., 2011).

In Q1, we measured stress factors experienced during the last year with ten items selected from
life event scales (Coddington, 1972; Swearingen & Cohen, 1985). The items included marital
separation or divorce, severe problems in the relationship with one’s partner, conflicts with family
members, traffic accident, fire or theft, loss of a close relative, and other crises or difficulties in life.
The score for each item ranged from 1 (not so difficult) to 3 (very difficult) (Coddington, 1972).

Q1 included a question regarding whether the woman considered herself to currently have mental
health issues, to be answered either “Yes” or “No”.

From both questionnaires, we retrieved information regarding sociodemographic factors and
current smoking, the latter to be answered “Yes” or “No”. In Q1, we asked for each participant’s
age, marital status (i.e., “married or cohabitating”, “has partner but live separately”, or “single”), level
of education, and weight and height (to calculate body mass index). In the postpartum questionnaire
(Q2), we asked each woman whether she frequently worried about her personal economic situation.

Statistical analyses

Continuous data are presented as mean and standard deviation (SD) for normally distributed data, and
additionally as median with 25th and 75th percentiles for non-normally distributed data. Given the
large sample size, t-tests were used to analyze between-group differences for both normally and non-
normally distributed data. Data were assessed for normal distribution by visual inspection of Q-Q plots.
Categorical data are presented as frequency and percentage, and differences in proportions were
examined using the Chi-square test. Paired-samples t-tests and McNemar’s tests were used to test
differences in mean scores and proportions, respectively, before versus after delivery. The Kruskal-
Wallis test was used to analyze differences in postpartum (Q2) depression levels among sleep groups.
Cronbach’s alpha values were calculated to test the internal validity of psychometric scales.
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Linear mixed models were used to study the associations between depression, measured during mid-
pregnancy (Q1) and 8 weeks postpartum (Q2), and insomnia, anxiety, previous depression, and
reproductive and psychosocial variables. All covariates were measured in Q1, except for frequent
economic worries, for which the value in Q2 was used as a proxy for the unmeasured value in Q1. We
tested for interactions between the time points (Q1 and Q2) and some chosen covariates (i.e., insomnia,
previous depression, symptoms of anxiety, stress factors in the last year, fear of childbirth, multiparity,
and current mental health issues), and we included the interactions in the final model if statistically
significant. Random intercepts for women were used to account for intra-women correlations.

The EPDS distributions in Q1 and Q2 were positively skewed and were first adjusted to range
from 1 and then log-transformed before the linear mixed model analyses. Missing values for the
covariates were handled by case-wise deletion. We performed additional linear mixed model analyses
with the shifted (to range from 1) and log-transformed 9-item EPDS variable.

The relationship dissatisfaction variable was answered only by women who were married,
cohabitating or in a relationship. To include also the single women in the linear mixed model
analyses (n = 11), we performed the analyses both with and without this variable.

Spearman’s rho (rs) was used to measure bivariate correlations between non-normally distributed
continuous variables, and was, in addition to the Pearson correlation coefficient and Kendall’s tau-b,
used to investigate whether any pair of independent variables were too highly correlated to be jointly
entered into the regression models. The variance inflation factor (VIF) was also used to rule out
multicollinearity.

The significance level was set to 0.05. The p-values of the univariate tests were adjusted for
multiple testing by the Holm-Bonferroni method. Data analyses were performed using the SPSS
statistical software package, version 25 (SPSS Inc., Chicago, IL, USA), and the STATA statistical
software package, version 15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station,
TX: StataCorp LLC).

Results

Study population characteristics

The study population comprised 539 women, whose sociodemographic characteristics, information
regarding chronotype and birth outcomes, as well as data from the Medical Birth Registry of Norway
(Norwegian Institute of Public Health, 2017) appear in Table 1. Participants were between 20 and
48 years old. The gestational age of offspring at birth was between 28 and 42 weeks, and birth weight
ranged from 915 to 5320 grams. After returning the mid-pregnancy questionnaire (Q1), 55 study
participants dropped out of the study (Figure 2). Scores of insomnia, depression, and anxiety in Q1,
as well as age and level of education, did not significantly differ among participants who dropped out
of the study and those who remained. We excluded the data of 38 women with missing values for
explanatory variables used in the linear mixed model analyses (Figure 2). The excluded women did
not differ significantly from the study sample concerning age or educational level, or insomnia,
depression, and anxiety scores during mid-pregnancy (Q1) or postpartum (Q2).

Prevalence

Insomnia was present among 59.7% (n = 322) of study participants during mid-pregnancy (Q1) and
55.2% (n = 297) postpartum (Q2). A proportion of 38.3% (n = 206) experienced insomnia both in
Q1 and Q2. Cronbach’s alpha for the BIS was 0.81 in Q1 and 0.75 in Q2. When the BIS item
regarding non-restorative sleep was excluded (American Psychiatric Association, 2013), the rates of
insomnia were 45.8% (n = 247) in Q1 and 48.1% (n = 259) in Q2.

The prevalence of depression defined as an EPDS score ≥10 was 9.8% (n = 53) in Q1 and 9.6%
(n = 52) in Q2, and 3.3% (n = 18) of study participants were depressed both in Q1 and Q2. In Q1,
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Table 1. Sociodemographic, chronotype, and birth outcome characteristics of the study sample and data
from the Medical Birth Registry of Norway in 2017.

Study sample,
n = 539

Medical Birth Registry of Norway, n = 56
547

Characteristics n (%) or mean ± SD n (%) or mean ± SD
Maternal age Q1, years 30.5 ± 4.5 30.9 ± 4.9a

Relationship status Q1
Married/cohabitating 524 (97.2) 52 975 (93.7)
Has partner, live separately 4 (0.7)
Single 11 (2.1)

Educational level Q1
Lower secondary 9 (1.7)
Upper secondary 123 (22.8)
Higher education (>12 years) 407 (75.5)

Parity (including current
pregnancy)
Primiparous 211 (39.1) 23 840 (42.2)
Multiparous 328 (60.9) 32 707 (57.8)

Body mass index Q1 26.3 ± 4.6
Pregnancy was planned 452 (83.9)
Gestational age at birthb, weeks 39.7 ± 1.6 39.3 ± 1.9
Emergency cesarean sectionb 45 (8.4) 5 870 (10.4)
Elective cesarean sectionb 23 (4.3) 3 159 (5.6)
Birth weightb, grams 3 649 ± 522 3 489 ± 591
Child’s genderb

Female 269 (50.0) 27 861 (48.5)
Male 269 (50.0) 29 592 (51.5)

Breastfeeding
Exclusively 428 (79.4)
Partly 65 (12.1)
Not 46 (8.5)

Smokers in pregnancy 9 (1.7) 2 011 (3.9)
Smokers after delivery 11 (2.0) 1 138 (2.2)
Economic worries Q2
Frequently 37 (6.9)
Sometimes 158 (29.3)
Rarely 244 (45.3)
Never 100 (18.5)

Chronotype categories b Q1
Definitively morning type 1 (0.2)
Moderately morning type 79 (14.8)
Neither morning/evening type 334 (62.7)
Moderately evening type 112 (21.0)
Definitely evening type 7 (1.3)

Abbreviations: Q1: Questionnaire 1 at pregnancy week 17; Q2: Questionnaire 2 at postpartum week 8.
aMaternal age at time of delivery.
bHas ≥1 missing value.

Table 2. Concurrent and prospective associations between mid-pregnancy insomnia and perinatal depres-
sion. Results from a linear mixed model, with depression measured by the log-transformed Edinburgh
Postnatal Depression Scale (EPDS) in pregnancy week 17 (Q1) and postpartum week 8 (Q2) as the
dependent variable. Covariates were measured in Q1a.

Mid-pregnancy insomnia Estimate (b) 95% CI p value

At Q1 0.014 0.007 to 0.021 <.001
At Q2 0.004 –0.003 to 0.010 .288
Difference Q2 – Q1 (interaction) –0.010 –0.018 to – 0.003 .006

aAdjusted for previous depression, anxiety symptoms, previous anxiety disorder, fear of childbirth, current
mental health issues, frequent economic worries, stress factors in last year, nausea during first trimester,
planned pregnancy, maternal age, educational level, parity, and relationship dissatisfaction.
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the women with an EPDS score ≥10 had a mean score 13.2 (SD 3.1), while in Q2, those with an
EPDS score ≥10 had a mean score 13.0 (SD 2.6). Cronbach’s alpha for the EPDS was 0.83 in Q1 and
0.84 in Q2. In Q1 and Q2, 8.7% (n = 47) and 8.4% (n = 45) of participants, respectively, exhibited
concurrent insomnia and depression. A medium, positive correlation was found between the BIS and
the EPDS in both Q1 (rs = 0.41; p < .001) and Q2 (rs = 0.39; p < .001).

Linear mixed model analyses for depression

Table 2 presents the association between mid-pregnancy insomnia and perinatal depression from the
linear mixed model with the log-transformed EPDS in mid-pregnancy (Q1) and 8 weeks postpartum
(Q2) as the dependent variable. The association with insomnia in Q1 was significant for concurrent
depression in Q1 (p < .001), but not for postpartum depression in Q2 (p = .288), although the
estimated association was positive for both. The interaction with the time points (Q1 and Q2)
showed that insomnia in Q1 was more strongly associated with concurrent depression than with
postpartum depression (p = .006). The estimated marginal means of depression in Q1 and Q2 as
a function of insomnia in Q1 are illustrated in Figure 3.

Insomnia (p = .006) and anxiety (p < .001) were the only variables that showed significant
interaction with the time points (Q1 and Q2) among the values tested for interactions with time
(i.e., insomnia, previous depression, symptoms of anxiety, stress factors in the last year, fear of
childbirth, multiparity, and current mental health issues) in the linear mixed model. The results
including those two interaction terms and all the covariates are shown in Supplemental Table 1. The
interaction between parity and insomnia was not statistically significant (p = .359).

In order to include the single women, we also performed a linear mixed model analysis including the
variable concerning marital status instead of the variable measuring dissatisfaction with the relationship.
Being married or cohabitating was not significantly associated with perinatal depression (p = .306).

Figure 3. The association between mid-pregnancy insomnia and perinatal depression.
Estimated marginal means with 95% confidence intervals (CIs) for the log-transformed depression score (EPDS) at pregnancy week 17 (Q1) and
postpartum week 8 (Q2) as a function of the insomnia score at Q1. The marginal means are estimated after inserting the mean values for the
remaining covariates in the linear mixed model.
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To examine whether chronotype impacted the association between mid-pregnancy insomnia and
perinatal depression, we performed an additional linear mixed model analysis including the chron-
otype variable (Q1, n = 533) with three categories (morning type, n = 80; neither type, n = 334; evening
type, n = 119) and its interaction with mid-pregnancy insomnia. This interaction was not statistically
significant (p = .633).

We additionally performed a linear mixed model analysis using the log-transformed 9-item EPDS
(excluding item 7: “I have been so unhappy that I have had difficulty sleeping”) in Q1 and Q2 as the
dependent variable, which caused only small variations with regard to estimated coefficients and
p-values. Insomnia in Q1 was still significantly associated with concurrent depression (p < .001), but
not with postpartum depression (p = .320). A normal approximation was found to be reasonable for
residual distributions from the linear mixed model analyses.

Differences in sleep-related characteristics and depression

Table 3 shows summary values for the variables of sleep-related characteristics and depression before
(Q1) and after (Q2) childbirth for the entire study cohort. Neither continuous nor dichotomous

Table 3. Sleep and depression before (Q1) and after (Q2) childbirth (n = 539a).

Variable Pregnancy week 17 Postpartum week 8 Mean change p valuec

n (%) or mean ± SD/ n (%) or mean ± SD/
median (25th–75th

percentile)b
median (25th–75th

percentile)b
(95% CI)

Sleep variables
Time in bed, h:mm 8:28 ± 1:08 8:49 ± 1:20 0:21 (0:13 to 0:29) <.001d

8:30 (7:45–9:00) 9:00 (8:00–10:00)
Sleep duration, h:mm 7:26 ± 1:16 6:44 ± 1:16 –0:42 (–0:50 to –

0:35)
<.001d

7:15 (7:0–8:0) 6:30 (6:00–7:30)
Sleep efficiency, % 88.3 ± 11.5 77.0 ± 12.9 –11.3 (–12.7 to –

10.0)
<.001d

90.0 (83.0–97.5) 77.0 (68.0–86.0)
Insomnia present, BIS 322 (59.7) 297 (55.2) 1.000e

Insomnia present, BIS-5* 247 (45.8) 259 (48.1) 1.000e

Insomnia sum score, BIS 15.6 ± 9.4 15.9 ± 9.1 0.3 (–0.6 to 1.1) 1.000d

Difficulty initiating sleep, days/
week

2.1 ± 2.2 1.6 ± 2.1 –0.5 (–0.7 to – 0.3) <.001d

2.0 (0.0–3.0) 1.0 (0.0–2.0)
Difficulty maintaining sleep, days/
week

2.2 ± 2.2 4.1 ± 2.7 1.9 (1.7 to 2.2) <.001d

2.0 (0.0–3.0) 4.0 (1.0–7.0)
Early morning awakening, days/
week

1.7 ± 2.1 1.4 ± 2.2 –0.3 (–0.6 to – 0.1) .121d

1.0 (0.0–3.0) 0.0 (0.0–2.0)
Non-restorative sleep, days/week 4.1 ± 2.1 4.0 ± 2.3 –0.1 (–0.2 to 0.2) 1.000d

Daytime impairment, days/week 2.5 ± 2.2 1.7 ± 1.9 –0.8 (–1.0 to – 0.6) <.001d

2.0 (1.0–4.0) 1.0 (0.0–3.0)
Sleep dissatisfaction, days/week 3.0 ± 2.2 3.0 ± 2.3 0.0 (–0.2 to 0.2) 1.000d

Depression variables
Depression score, EPDSf 4.4 ± 3.9 4.2 ± 3.8 –0.2 (–0.5 to 0.1) 1.000d

4.0 (1.0–6.0) 3.0 (1.0–6.0)
Depression present, EPDS ≥10 53 (9.8) 52 (9.6) 1.000e

Abbreviations: Q1: Questionnaire 1 in pregnancy week 17; Q2: Questionnaire 2 in postpartum week 8; BIS: Bergen Insomnia Scale;
EPDS: Edinburgh Postnatal Depression Scale.

aDue to missing values on some of the items, n varied between 516 (sleep efficiency) and 539.
bMedian with 25th and 75th percentiles are presented in addition to mean ± SD for the variables that were non-normally
distributed in Q1 and/or Q2.

cp values were adjusted for multiple testing by the Holm-Bonferroni method for all univariate tests in the study.
dPaired samples t-test.
eMcNemar’s test.
fRange 0–20 in Q1 and in Q2.
*BIS-5 is the BIS variable with only 5 items, excluding the item regarding non-restorative sleep according to Insomnia Disorder in
DSM-5.
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variables for insomnia or depression showed significant differences across the perinatal period. Sleep
efficiency declined from 88% during pregnancy to 77% after delivery (p < .001), and the frequency of
nights with difficulty maintaining sleep doubled in the postpartum period [mean in Q1: 2.2 vs. mean
in Q2: 4.1; p < .001]. In contrast, difficulty initiating sleep [mean in Q1: 2.1 vs. mean in Q2: 1.6;
p < .001] and daytime impairment [mean in Q1: 2.5 vs. mean in Q2: 1.7; p < .001] significantly
declined after delivery. We also performed Wilcoxon signed rank tests in addition to paired samples
t-tests for non-normally distributed variables, and the results did not deviate much with respect to
p-values.

Table 4 presents a comparison of primiparous (n = 211) and multiparous (n = 328) study
participants. Primiparous participants had significantly lower scores for rMEQ-measured chronotype
during mid-pregnancy (indicating greater “eveningness”), spent more time in bed during mid-
pregnancy and postpartum, and had less efficient sleep after (but not before) delivery than multi-
parous participants. In addition to t-tests, we performed Mann Whitney U-tests for non-normally
distributed variables, with minor differences in results.

A Kruskal-Wallis test revealed a significant difference in postpartum (Q2) depression levels
among four different sleep groups (G1, n = 206: insomnia in Q1 and Q2; G2, n = 115: insomnia
in Q1 and normal sleep in Q2; G3, n = 91: normal sleep in Q1 and insomnia in Q2; G4, n = 126:
normal sleep in Q1 and Q2, p < .001). G1 and G3 had higher median postpartum depression scores
(both median = 4.0) than G2 and G4 (both median = 2.0).

Discussion

In this first prospective study to examine associations between mid-pregnancy insomnia specifically
and perinatal depression, mid-pregnancy insomnia was significantly associated with concurrent
depression, but, although positively associated, not significantly so with postpartum depression.
We found high rates of insomnia and depression that were stable across the perinatal period.
Approximately 60% of study participants experienced symptoms of insomnia mid-pregnancy and
55% postpartum, while 10% experienced symptoms of depression both mid-pregnancy and post-
partum. Moreover, sleep efficiency declined from 88% to 77% during the perinatal period, and
primiparous mothers had less efficient sleep than multiparous mothers after delivery.

About one in 10 women experienced symptoms of perinatal depression, which aligns with
previous results using a similar EPDS cutoff score (Eberhard-Gran et al., 2004). The cohort exhibited
significant change of neither scores nor rates of depression across the perinatal period, which
supports that many cases of postpartum depression probably develop during pregnancy (Gavin
et al., 2005). Peripartum depression poses serious health-related consequences, not least for the
infants (Kingston et al., 2018). Therefore, it seems plausible to claim that detecting markers to help
health professionals reveal symptoms and initiate treatment of early antenatal depression is
important.

Our findings show that mid-pregnancy insomnia, being significantly associated with concurrent
symptoms of depression, may be a marker for antenatal depression – especially since women with
depression are liable to consider reporting symptoms of insomnia to be less stigmatizing or shameful
than reporting symptoms of depression (Christensen et al., 2016). Additionally, insomnia, a disorder
for which there are effective non-pharmacological treatment methods, was highly prevalent during
mid-pregnancy. Insomnia during pregnancy was previously found to be associated with perinatal
anxiety (Osnes et al., 2019; 2020); screening for insomnia may thus represent an efficient tool for
detecting pregnant women at risk of developing both mood and anxiety disorders. Consequently,
implementation of screening procedures to detect insomnia along with the existing screening
procedures for perinatal depression may be warranted.

The participants with insomnia during both mid-pregnancy and postpartum, or who developed
insomnia postpartum, had higher levels of postpartum depression compared with the participants
with normal sleep during both mid-pregnancy and postpartum or who recovered from insomnia
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Table 4. Comparison of sleep and depression characteristics between primiparous (n = 211) and multiparous (n = 328) study
participantsa.

Time
point: Variable

Primiparous,
n = 211

Multiparous,
n = 328 p valuec

n (%) or mean ± SD/median
(25th–75th percentile)b

n (%) or mean ± SD/median
(25th–75th percentile)b

Q1: Time in bed, h:mm 8:40 ± 1:19 8:19 ± 0:58 .046d

8:30 (7:55–9:30) 8:15 (7:45–9:00)
Sleep duration, h:mm 7:40 ± 1:26 7:17 ± 1:05 .062d

Sleep efficiency, % 88.5 ± 12.4 88.2 ± 11.0 1.000d

91.0 (85.0–98.0) 89.0 (82.0–97.0)
Daytime naps ≥30 min
≥4 days/week

42 (19.9) 47 (14.3) 1.000e

Chronotype sum score,
rMEQ

13.4 ± 3.2 14.4 ± 3.1 .019d

Insomnia sum score, BIS 15.1 ± 9.4 16.0 ± 9.4 1.000d

Insomnia present, BIS 119 (56.4) 203 (61.9) 1.000e

Difficulty initiating sleep,
days/week

2.4 ± 2.3 2.0 ± 2.2 .865d

2.0 (0.0–4.0) 1.0 (0.0–3.0)
Difficulty maintaining sleep,
days/week

2.1 ± 2.3 2.2 ± 2.1 1.000d

Early morning awakening,
days/week

1.8 ± 2.0 1.7 ± 2.1 1.000d

1.0 (0.0–3.0) 1.0 (0.0–3.0)
Non-restorative sleep, days/
week

3.8 ± 2.2 4.2 ± 2.1 .621d

Daytime impairment, days/
week

2.2 ± 2.1 2.7 ± 2.2 .149d

Sleep dissatisfaction, days/
week

2.9 ± 2.2 3.1 ± 2.3 1.000d

Depression sum score, EPDS 3.9 ± 3.7 4.7 ± 4.0 .834d

3.0 (1.0–6.0) 4.0 (2.0–7.0)
Depression present, EPDS
≥10

19 (9.0) 34 (10.4) 1.000e

Q2: Time in bed, h:mm 9:06 ± 1:29 8:35 ± 1:12 <.001d

Sleep duration, h:mm 6:44 ± 1:20 6:43 ± 1:16 1.000d

7:00 (6:00–7:30) 6:30 (6:00–7:30)
Sleep efficiency, % 74.5 ± 13.4 78.4 ± 12.5 .030d

Daily daytime naps, h:mm 1:24 ± 2:31 1:05 ± 2:19 1.000d

Insomnia sum score, BIS 16.2 ± 9.5 15.6 ± 8.8 1.000d

Insomnia present, BIS 115 (54.8) 182 (55.5) 1.000e

Difficulty initiating sleep,
days/week

1.9 ± 2.3 1.4 ± 2.0 .552d

1.0 (0.0–3.0) 0.0 (0.0–2.0)
Difficulty maintaining sleep,
days/week

4.3 ± 2.7 4.0 ± 2.7 1.000d

5.0 (2.0–7.0) 4.0 (1.0–7.0)
Early morning awakening,
days/week

1.4 ± 2.3 1.4 ± 2.1 1.000d

0.0 (0.0–2.0) 0.0 (0.0–2.0)
Non-restorative sleep, days/
week

4.0 ± 2.3 4.1 ± 2.3 1.000d

Daytime impairment, days/
week

1.6 ± 2.0 1.8 ± 1.9 1.000d

1.0 (0.0–2.0) 1.0 (0.0–3.0)
Sleep dissatisfaction, days/
week

3.0 ± 2.4 3.0 ± 2.3 1.000d

Depression sum score, EPDS 4.1 ± 3.8 4.3 ± 3.8 1.000d

3.0 (1.0–6.0) 3.0 (2.0–6.0)
Depression present, EPDS
≥10

20 (9.5) 32 (9.8) 1.000e

Abbreviations: Q1: Questionnaire 1 in pregnancy week 17; Q2: Questionnaire 2 in postpartum week 8; rMEQ: the reduced Horne-
Östberg Morningness-Eveningness Questionnaire; BIS: Bergen Insomnia Scale; EPDS: Edinburgh Postnatal Depression Scale.

aDue to missing values on some of the items, n varied between 516 (sleep efficiency) and 539.
bMedian with 25th and 75th percentiles is presented in addition to mean ± SD for the non-normally distributed variables.
cp values were adjusted for multiple testing by the Holm-Bonferroni method for all univariate tests in the study.
dt-test.
eChi-square test.
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after mid-pregnancy. Furthermore, antenatal insomnia is reported as a risk factor for experiencing
insomnia postpartum (Dørheim et al., 2014). Hence, since cognitive behavioral therapy for insomnia
(CBT-I) is not only associated with reduced symptoms of both insomnia and depression (Ballesio
et al., 2017; Manber et al., 2019), but also reportedly safe and effective during pregnancy (Manber
et al., 2018; Tomfohr-Madsen et al., 2017), it might improve symptoms of perinatal insomnia and
depression when provided from mid-pregnancy on to women with insomnia, but more research on
that topic remains necessary.

Our results concerning associations between insomnia and depression did not differ signifi-
cantly between primiparous and multiparous women, which suggests that parity plays a limited
role in the interaction of perinatal sleep and mood (Coo Calcagni et al., 2012). Neither did the
variables regarding symptoms of depression differ significantly according to parity. A previous
study conducted in Norway also revealed that rates of depression were similar in terms of parity for
mothers up to 35 years of age, whereas older primiparous women were more depressed (Glavin
et al., 2009).

Rates of perinatal insomnia are in accordance with those of previous studies (Mindell et al., 2015),
and were stable throughout the perinatal period, which corroborates the findings of a large survey
conducted in Norway (Sivertsen et al., 2015). Our perinatal rates of insomnia were far higher than
the prevalence estimates of 12%–17% among women in the same age group in Norway’s general
population (Pallesen et al., 2014). Nevertheless, among middle-aged and older women, insomnia has
been found to occur more frequently in women than in men (Bei et al., 2015), and women with
perinatal insomnia have also been identified at high risk of experiencing insomnia 2 years later
(Sivertsen et al., 2015). Consequently, it has been questioned whether perinatal insomnia can become
chronic (Sivertsen et al., 2015).

Sleep duration and sleep efficiency decreased from mid-pregnancy to the postpartum period,
while the number of nights with difficulty maintaining sleep increased, all of which aligns with the
results of previous surveys (Dørheim et al., 2014; Richter et al., 2019). Our finding of a postpartum
sleep efficiency of 77% is comparable with results from two studies conducted in Norway (Dørheim
et al., 2014; Dorheim et al., 2009), and lower than the recommended sleep efficiency of >85%
(Bastien, 2011). Considering the irregular sleep patterns among infants (Hysing et al., 2014), as well
as new maternal responsibilities even during the nighttime, disruptions in sleep continuity through-
out the night are not surprising. Moreover, postpartum decreases in estrogen and progesterone levels
have been linked to difficulties with staying asleep (Lee et al., 2000). However, the frequency of
experiencing daytime impairment and difficulty initiating sleep significantly declined postnatally,
possibly due to the added responsibility of caring for the infant during the daytime, causing less
rumination about how sleep impacts day-to-day functioning, and a greater accumulated sleep
pressure when going to bed (Riemann et al., 2015).

Rates of perinatal insomnia did not differ significantly between primiparous and multiparous
women, although sleep efficiency was lower among primiparous mothers after childbirth, as reported
elsewhere (Coo Calcagni et al., 2012; Dørheim et al., 2014; Lee et al., 2000). Reduced sleep efficiency
can reflect the onset of the maternal role, which entails a higher level of insecurity and arousal
during the night than among multiparous mothers (Waters & Lee, 1996). Moreover, multiparous
women had a significantly higher sum score for rMEQ-measured chronotype during pregnancy,
indicating greater “morningness”, and spent less time in bed, than primiparous women. That
tendency could be due to the responsibilities of caring for older children, which promotes
a stricter schedule regarding both going to and getting out of bed.

Our study had several methodological limitations. First, data on depression and sleep-related
characteristics, including insomnia, were based on self-reported instruments. A diagnosis of insom-
nia requires trouble with sleeping to occur despite adequate opportunities to sleep, but we did not
survey participants regarding such opportunities. Second, we did not assess their sleep behavior pre-
pregnancy. Third, less than one-half of the women who received ultrasound examinations at the
hospital ultimately participated, although we did not record reasons why – that is, whether non-
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participants declined to participate or did not receive an invitation. Fourth, we invited only
Norwegian-speaking women to participate, which might limit the generalizability of our findings.
Rates of perinatal depression are higher among women with immigrant or minority status (Falah-
Hassani et al., 2015). At the same time, the burden of psychiatric illness that occurs along with
insomnia reportedly differs among people of various ethnic backgrounds (Kalmbach et al., 2016).

Our study had various strengths, as well. To our knowledge, this was the first prospective cohort
study to examine associations between mid-pregnancy insomnia specifically and symptoms of
perinatal depression. Additional strengths of the study were its large sample size and that partici-
pants were targeted for inclusion upon attending a routine examination received by most pregnant
women in Norway, which suggests a low first wave selection bias. Moreover, the response rate for the
last questionnaire was exceptionally high (91%), and the women who participated did not differ
much from either the drop-outs or the women excluded from the sample in terms of important
variables. We were able to adjust for several potential confounding factors, and the instrument
measuring insomnia (i.e., BIS) has corresponded well with objective measures of sleep, including
polysomnography (Pallesen et al., 2008).

Conclusion

Our study revealed that, after adjustment for several known risk factors for insomnia and perinatal
depression, mid-pregnancy insomnia was significantly associated with concurrent depression. Thus,
insomnia could function as an important marker for depression in pregnant women, aiding
healthcare workers in identifying those who require extra follow-up. Although little evidence was
found for an association between mid-pregnancy insomnia and postpartum depression, researchers
should investigate whether the detection and subsequent treatment of insomnia during pregnancy
can lower rates of perinatal insomnia and depression. Furthermore, six in ten women experienced
insomnia during mid-pregnancy, while depression was present among 10%, both during mid-
pregnancy and postpartum. The study participants, especially primiparous ones, experienced less
efficient sleep after childbirth than during pregnancy.
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