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Abstract
Purpose  Insomnia symptoms during late pregnancy are a known risk for postnatal depressive symptoms (PDS). However, 
the cumulative effect of various risk factors throughout pregnancy has not been explored. Our aim was to test how various 
insomnia symptoms (sleep latency, duration, quality, frequent night awakenings, early morning awakenings) and other risk 
factors (e.g., history of depression, symptoms of depression and anxiety, as well as sociodemographic factors) in early, mid-, 
and late pregnancy predict PDS.
Methods  Using data from the FinnBrain Birth Cohort Study and logistic regression analyses, we investigated the associa-
tions of distinct insomnia symptoms at gw 14, 24, and 34 with depressive symptoms (Edinburgh Postnatal Depression Scale 
score ≥ 11) 3 months postnatally. We also calculated separate and combined predictive models of PDS for each pregnancy 
time point and reported the odds ratios for each risk group.
Results  Of the 2224 women included in the study, 7.1% scored EPDS ≥ 11 3 months postnatally. Our predictive models 
indicated that sleep latency of ≥ 20 min, anxiety in early pregnancy, and insufficient sleep during late pregnancy predicted 
the risk of PDS. Furthermore, we found highly elevated odds ratios in early, mid-, and late pregnancy for women with mul-
tiple PDS risk factors.
Conclusion  Screening of long sleep latency and anxiety during early pregnancy, in addition to depression screening, could 
be advisable. Odds ratios of risk factor combinations demonstrate the magnitude of cumulating risk of PDS when multiple 
risk factors are present.
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Introduction

Postpartum depression (PPD) affects approximately 8% 
of women in European countries [1], and up to 13–19% 
in other high-income countries [2]. PPD has potentially 
long-term adverse consequences for the mother, child, and 
entire family [3]. Several risk factors for PPD have been 
identified, including anxiety during pregnancy, multipar-
ity, a low-income level, and a history of depression [4]. 
Insomnia symptoms during late pregnancy are one of these 
risk factors, as summarized in several reviews [5–7] and 
a recent meta-analysis [7]. Nevertheless, the effect and 
magnitude of increased risk with each cumulating factor 
have not been explored.

Perinatal psychiatric disorders are closely related to 
disturbances in sleep. According to a recent review [5], 
42–100% of women with postnatal depression, anxiety or 
psychosis also suffered from concurrent insomnia. Prenatal 
insomnia symptoms of varying severity are very common; 
they are reported in at least 50% of women in different 
stages of pregnancy, depending on the characteristics of 
the study population and measurement methods [8]. Poor 
sleep during pregnancy has been associated with both 
maternal and foetal health risks, such as maternal hyper-
tension and gestational diabetes, poor obstetric outcomes, 
foetal growth restriction, and the risk of preterm delivery, 
as well as interpersonal distress and mood disorders [9, 
10].

Most of the studies addressing the connection between 
sleep during pregnancy and postnatal depression have been 
cross-sectional [11], have had a low number of partici-
pants [12], have focused on insomnia symptoms during 
late pregnancy [13, 14] versus depressive symptoms in the 
postnatal period, have had a high drop-out rate (for exam-
ple, 75% from the baseline) [15], or have not differentiated 
prenatal sleeping problems between the pregnancy trimes-
ters [16]. Those studies that have investigated insomnia 
symptoms during the first and second pregnancy trimesters 
[17] have not compared the role of specific early insomnia 
symptoms in predicting postnatal depressive symptoms.

Why should we be interested in investigating maternal 
insomnia symptoms that already begin during the early 
stages of pregnancy? First, maternal insomnia symptoms 
are highly prevalent, even in the first months of pregnancy, 
and sleep quality typically continues to deteriorate as preg-
nancy progresses [18]. Insomnia symptoms seem to persist 
until the postnatal period, especially in first-time mothers 
[19, 20]. Second, maternal sleep and depression are con-
nected to sleep in the offspring [21]. Although insomnia is 
a modifiable and treatable risk factor for PPD, surprisingly 
little is known about insomnia symptoms experienced dur-
ing early and mid-pregnancy, and particularly whether 

they are associated with postnatal depression. Treatment 
of insomnia could prevent maternal psychopathology and 
associated adverse consequences for the mother and child. 
Moreover, earlier identification of mothers at risk could 
allow more time for interventions during pregnancy.

Here, we investigated whether different insomnia symp-
toms from early pregnancy onwards predict increased 
postnatal depressive symptom (PDS) levels, using a large 
population-based sample of over 2000 women. Although 
depression in pregnancy predicts postnatal depression, not 
all mothers with postnatal depression have prenatal depres-
sive symptoms. Moreover, not all women with insomnia 
symptoms during pregnancy are depressed, despite insomnia 
being one of the symptoms of depression. We constructed 
predictive models separately for early, mid-, and late preg-
nancy symptom profiles to better understand which insomnia 
symptoms, in combination with other known risk factors, 
at different time-points during pregnancy are the most pre-
dictive of PDS. We hypothesized that postnatal depressive 
symptoms can be predicted by prenatal risk factors such as 
anxiety during pregnancy, multiparity, and history of depres-
sion, and that adding sleep parameters would enhance the 
model fit. Furthermore, we hypothesized that insomnia 
symptoms already occurring during early and mid-preg-
nancy, and especially the accumulation of several insomnia 
symptoms and other risk factors, would increase the risk 
of PDS.

Methods

Participants

This study was part of the Finnish FinnBrain Birth Cohort 
Study (www.​finnb​rain.​fi) recruited between December 2011 
and April 2015 from three maternity welfare clinics in the 
South Western Hospital District and Åland Islands area in 
Finland. The study recruitment and protocol are described in 
detail elsewhere [22]. The parent study arm in the cohort is 
a prospective observational study focusing on how parental 
stress, health, and other characteristics during the prenatal 
and early life postnatal periods influence offspring health 
and brain development. Parental health and factors influenc-
ing these trajectories are also being investigated indepen-
dently from child outcomes. The main domains of interest 
in this arm are parental mood, anxiety disorders, and sleep. 
All procedures involving human subjects were approved by 
the Ethics Committee of the South Western Hospital District 
(ETMK 57/180/2011, 14.6.2011 § 168). Written informed 
consent was obtained from all subjects. In total, 3808 women 
(66% of the total) informed about the study chose to partici-
pate. The questionnaire data for this study were collected at 
gestational week (gw) 14 (early pregnancy, time point T1; 

http://www.finnbrain.fi
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mean = 14.98 weeks, SD 1.31), gw 24 (mid-pregnancy, time 
point T2; mean = 25.31 weeks, SD 1.48), gw 34 (late preg-
nancy, time point T3; mean = 35.08 weeks, SD 1.03), and 3 
months postpartum (time point T4; mean = 104.14 days after 
delivery, SD 9.47). The response rates were 100% (n = 3095) 
at T1, 90.0% (n = 2784) at T2, 84.3% (n = 2609) at T3 and 
73.0% (n = 2260) at T4. The women who responded at 3 
months postpartum and within accepted time ranges were 
eligible for this study, leaving a final sample of 2118 moth-
ers at T1, 2152 at T2, 2095 at T3, and 2224 at T4. Complete 
data were obtained from all time-points for 1504 women.

Measures

The data for this study were based on registry data and self-
report questionnaires. Marital status, age, parity, educational 
level, income level, smoking during pregnancy, somatic dis-
eases/disorders, and history of depression were inquired in 
the T1 questionnaires. The use of antidepressant and sleep 
medications was inquired repeatedly. Age was used as a con-
tinuous variable, whereas parity was dichotomized as primi- 
or multipara; educational level was categorized as 0 = mid/
low (up to 12 years of education), 1 = high/vocational (col-
lege level or university of applied sciences, 12–15 years 
of education), and 2 = university degree (over 15 years 
of education); income level was categorized as ≤ €1000, 
€1001–2000 and > €2000 per month; smoking was dichoto-
mized as no or yes if the mother had reported smoking in 
either questionnaires or registries and somatic diseases/dis-
orders (excluding allergies) were dichotomized as no or yes. 
Missing values were replaced by an individual mean in the 
corresponding scale when no more than 33% of answers in 
the scale were missing.

The Edinburgh Postnatal Depression scale (EPDS) [23] 
is a ten-item four-point scale measuring cognitive and affec-
tive symptoms of depression during the previous 7 days. 
Seven of the items on the scale are reverse-scored, and a 
total score is then calculated (range 0–30). We used the cut-
off level of ≥ 11 (approximately 90th percentile) to indicate 
an increased level of depressive symptoms. Several different 
EPDS cut-off points have been used, and as Matthey et al. 
[24] pointed out, cut-offs established for English-speaking 
populations might not be applicable to other populations. 
The EPDS has not been validated in the Finnish population. 
Depressive symptoms were measured at T1, T2, T3,, and T4.

The anxiety subscale of Symptom Checklist 90 (SCL-
90) [25, 26] was used to measure women’s prenatal anxiety 
at T1, T2 and T3. The scale consists of ten items rated on 
a five-point Likert scale. The scores were summed (range 
0–40), and we used a cut-off level of ≥ 10 (22) to indicate 
increased anxiety.

The Basic Nordic Sleep Questionnaire (BNSQ) is a 
self-report scale of sleep during the previous month [27]. 

The questions measure sleep duration and quality, sleep 
latency, and the number of night awakenings per night 
and of too early morning awakenings per week. The use of 
sleep medication was also assessed. Most of the questions 
are rated on a five-point scale (1 = ‘never or less than once 
per month’, 2 = ‘less than once per week’, 3 = ‘on 1–2 days 
per week’, 4 = ‘on 3–5 days per week’, 5 = ‘daily or almost 
daily’). Sleep quality is rated as 1 = ‘well’, 2 = ‘rather well’, 
3 = ‘neither well nor badly’, 4 = ‘rather badly’, or 5 = ‘badly’. 
To indicate clinically significant problems, the items were 
dichotomized as ‘one to two times per week or less’ or ‘three 
times per week or more’; the continuous sleep variables were 
also dichotomized to indicate sleep latency of ≥ 20 min and 
sleep duration of ≥ 6 and ≥ 7 h. The items of the scale were 
used separately to gather information on the prevalence of 
various insomnia symptoms. Thus, we did not use a sum-
mary score for the BNSQ.

The Athens Insomnia Scale (AIS) is a self-report ques-
tionnaire for sleep disturbances based on ICD-10 criteria 
[28]. In this study, we used three items concerning suffi-
cient total sleep time, the sense of well-being, and physi-
cal and mental functioning during the day related to sleep. 
A question concerning the amount of sleep was dichoto-
mized as 0 and 1 (= ‘sufficient’ and ‘slightly insufficient’) 
or 2 and 3 (= ‘markedly insufficient’ and ‘very insufficient 
or did not sleep at all’), whereas the other two items were 
dichotomized as follows: 0 and 1 (= ‘normal’ and ‘slightly 
decreased’) or 2 and 3 (= ‘markedly decreased’ and ‘very 
decreased’). At all time-points, we used these three items 
from the AIS questionnaire.

Statistical analyses

Our aim was to investigate the risk of PDS, and we therefore 
selected logistic regression models as the primary statistical 
method rather than linear regression models. Logistic mod-
els also enabled us to construct cumulative risk estimates 
that could be visualized in heat maps, which is not possible 
with linear regression. However, as linear regression models 
have been commonly applied in analyzing the risk of PDS, 
we also performed sensitivity analyses using corresponding 
linear regression models to confirm the stability of the p 
values and therefore the conclusions (Online Resource 3).

The following dichotomized sleep variables (repre-
senting the different manifestations of insomnia symp-
toms) in T1–T3 served as the explanatory variables: sleep 
latency ≥ 20 min, night awakenings ≥ 3×/night, early morn-
ing awakenings ≥ 3×/week, ‘poor/rather poor’ sleep qual-
ity, short sleep ≤ 6 and ≤ 7 h, insufficient total sleep time, 
decreased well-being, and functional capability during the 
day.

To assess whether insomnia symptoms during pregnancy 
increased the risk of postnatal depressive symptoms (EPDS 
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score ≥ 11 at T4), simple logistic regression analyses (Online 
Resource 1) were first conducted separately at the three 
pregnancy time-points (T1–T3) and for each sleep variable 
to identify significant predictive factors to be used in the 
next stage of statistical modelling. The models were adjusted 
for known confounding factors: mother’s age, parity (primi- 
vs multipara), educational level (three classes), income level 
(three classes), somatic illnesses/conditions,concurrent 
depressive symptoms (EPDS ≥ 11 at each pregnancy time 
point T1–T3), concurrent anxiety (SCL ≥ 10), and history 
of depression. These analyses were conducted with SPSS 
(version 25).

Next, we constructed a second series of logistic models 
(predictive models) to predict the risk of postnatal depres-
sive symptoms (EPDS ≥ 11 at T4). First, we constructed the 
best predictive models for each time point (T1, T2, and T3) 
(Table 2). The explanatory factors in these models were the 
insomnia symptoms that were associated with PDS in the 
simple logistic regression models, as well as depression 
(EPDS score ≥ 11) and anxiety (SCL ≥ 10) at the concur-
rent pregnancy time point. At pregnancy time point T1, the 
background factors (mother’s age, parity, education, income, 
and history of depression) were also included in the model. 
To select the best model with the least number of variables, 
we used the complete case data of participants who had 
answered all items used in the predictive model analysis 
(n = 1504). We selected the best model by assessing the best 
predictive value and the smallest Akaike information cri-
terion (AIC), so that the variables were removed from the 
model until no further reduction could be achieved [29]. We 
also investigated how well the models were able to predict 
the risk of PDS using McFadden and Nagelkerke [30, 31].

Next, we constructed cumulative models combining the 
best predictive models for each time point to explore the 
extent to which the follow-up data improved the model fit 
and its predictive value compared to the original model at 
time point T1. We combined the predictors of the three 
best-fitting models from time-points T1, T2, and T3, con-
structing combined models T1 + T2 and T1 + T2 + T3. This 
was intended to mimic the clinic situation where, at the first 
appointment, only the background variables and measured 
variables for T1 would be available; thereafter, the meas-
ured information would increase throughout the pregnancy 
(Table 2).

Finally, to demonstrate the contrasts in various risk 
groups relative to the lowest risk category, we calculated 
the respective odds ratio (OR) estimates and summa-
rized the results in three separate heat maps representing 
the cumulative risk at T1 (Fig. 1a), T1 + T2 (Fig. 1b) and 
T1 + T2 + T3 (Fig. 1c) for postnatal depressive symptoms at 
T4 (EPDS ≥ 11). In the first heat map (T1), we report signifi-
cant background variables (parity, history of depression), as 
well as measures from T1; in the second heat map (T1 + T2), 

we added measures from T2; in the third (T1 + T2 + T3), we 
used all available information (background information and 
measures from T1 + T2 + T3). We excluded income from 
heat maps T1 and T1 + T2. The statistical software tool R 
(version 3.6.1, DescTools package) was used in all the pre-
dictive model analyses.

We performed attrition analysis of women who partici-
pated at T4 and at least once at T1, T2, or T3 (n = 2224) 
versus women who had dropped out (n = 1004). Women who 
had more depressive symptoms (EPDS ≥ 10), more anxiety 
(SCL > 10), and a lower educational and income level at 
T1 were more likely to drop out (p < 0.05), whereas there 
was no difference between the groups concerning history 
of depression. Furthermore, more women who had sleep 
onset difficulties (8.4% vs 5.2%, p < 0.001), woke up ≥ 3/
night (16.7% vs 12.2%, p < 0.001), or had poor sleep quality 
(18.7% vs 12.2%, p < 0.001) at T1 dropped out of the study 
before T4.

As a sensitivity analysis, we repeated the analyses with 
the EPDS sum score without the sleep item “I have been 
so unhappy that I have had difficulty sleeping” (Online 
Resource 2).

Results

The main background characteristics of the participants 
are described in Table 1. The mean EPDS score decreased 
slightly from T3 to T4. Approximately 3% of women 
reported the use of antidepressant medication (SSRI or 
SNRI) during pregnancy, and very few (0.5–0.9%) women 
used sleep medications more than once a month. Seven 
percent (n = 157) of the participants scored EPDS ≥ 11 at 
3 months postnatally (T4). Descriptive data concerning 
changes in sleep are reported in detail elsewhere (Online 
Resource 4) [32].

Simple logistic regression analyses

Each insomnia symptom and time point (T1–T3) was stud-
ied separately to evaluate the risk of PDS. These results 
are presented in Online Resource 1. At T1, the following 
insomnia symptoms were related to T4 depressive symp-
toms after adjustments: sleep latency ≥ 20 min (AOR 1.87, 
95% CI 1.29–2.71), night awakenings ≥ 3×/night (1.86, 95% 
CI 1.20–2.87), an insufficient total sleep time (AOR 1.86, 
95% CI 1.13–3.06), decreased well-being (1.93, 95% CI 
1.21–3.09), and a decreased capability to function (1.91, 
95% CI 1.17–3.17). At T2, only insufficient total sleep time 
(AOR 1.99, 95% CI 1.21–3.28), decreased well-being (AOR 
2.23, 95% CI 1.31–3.79), and a decreased functional capabil-
ity (AOR 2.02, 95% CI 1.24–3.29) remained significant. At 
T3, sleep latency ≥ 20 min (AOR 1.73, 95% CI 1.18–2.55), 
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poor sleep quality (AOR 2.15, 95% CI 1.45–3.18), short 
sleep ≤ 7 h (AOR 1.74, 95% CI 1.18–2.57), and an insuf-
ficient total sleep time (AOR 2.76, 95% CI 1.73–4.40) pre-
dicted depressive symptoms at T4.

Predictive models

To investigate how insomnia symptoms at T1–T3 predicted 
the risk of postnatal depressive symptoms after taking into 
account the selected background variables and measure-
ment results from each time point, we constructed predictive 
models for each time point separately, as well as cumulative 
models (Table 2). In the first predictive model at T1, we used 
all available information at that time, as in a real-life situ-
ation: background factors and insomnia symptoms, EPDS 
and SCL measured at T1. The AIC for the best model at 
T1 was 675.55 and the best explanatory risk factors were 
multiparity, a low-income level, history of depression, sleep 
latency ≥ 20 min, night awakenings ≥ 3×/night, a decreased 
functional capability, increased anxiety, and EPDS ≥ 11. 
At T2, the best explanatory variables were decreased func-
tioning, increased anxiety, and EPDS ≥ 11. At T3, the best 
explanatory risk factors were insufficient sleep, increased 

anxiety, and EPDS ≥ 11. To avoid multicollinearity issues, 
the background variables were only included in the T1 
model and cumulative models.

In the best cumulative model (T1 + T2 + T3), AIC was 
633.88 and the variables best explaining postnatal depressive 
symptoms (T4) were multiparity, history of depression, sleep 
latency ≥ 20 min at T1, anxiety at T1, a decreased functional 
capability at T2, insufficient sleep at T3, and EPDS ≥ 11 at 
T2 and T3.

Odds ratios for postnatal depressive symptoms 
(T4) related to combinations of risk factors in early, 
middle, and late pregnancy

ORs related to various combinations of explanatory factors 
were extracted separately for each time point. In models T1 
and T1 + T2, we used all other risk factors except income 
level in the heat maps. We found that in early pregnancy (T1; 
Table 2; Fig. 1a), the risk of PDS was markedly increased in 
women with three or more risk factors compared to women 
with none. For example, in our sample, an OR of 91 was 
found for women (n = 3) with all seven risk factors (multi-
parity, history of depression, sleep latency ≥ 20 min, night 

Fig. 1   Heat maps to predict the risk of postnatal depressive symp-
toms 3 months postnatally. Values represent the odds ratio (OR) in 
relation to the lowest risk group (OR = 1). a Heat map in early preg-

nancy (background variables + T1 measures). b Heat map in middle 
pregnancy (background variables + T1 + T2 measures). c Heat map in 
late pregnancy (background variables + measures from T1 + T2 + T3)
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awakenings ≥ 3×/night, decreased functional capability, 
increased depressive symptoms, and anxiety at T1) when 
compared to women without any. Model T1 was able to 

explain approximately 14.9% of increased depressive symp-
toms at T4 (McFadden 0.121, Nagerkerke 0.149). Similarly, 
the ORs for PDS using measurements from both early and 

Table 1   Characteristics of the 
sample

EPDS the Edinburgh Postnatal Depression scale, SCL the anxiety subscale of Symptom Checklist 90, SSRI 
selective serotonin reuptake inhibitor, SNRI serotonin–norepinephrine reuptake inhibitor

Measure Criterion Mean (SD)/% (n)

Participants Gestational week 14 2118
Gestational week 24 2152
Gestational week 34 2095
Postpartum (3 months) 2224

EPDS Gestational week 14 4.98 (3.91)
Gestational week 24 4.74 (3.99)
Gestational week 34 4.72 (4.00)
Postpartum (3 months) 4.25 (3.82)

EPDS ≥ 11 Gestational week 14 8.9%
Gestational week 24 9.2%
Gestational week 34 9.3%
Postpartum (3 months) 7.1%

SCL Gestational week 14 3.13 (3.82)
Gestational week 24 3.74 (4.21)
Gestational week 34 3.09 (3.82)
Postpartum (3 months) 2.58 (3.57)

SCL ≥ 10 Gestational week 14 6.6%
Gestational week 24 9.1%
Gestational week 34 7.1%
Postpartum (3 months) 5.8%

Mother’s age At delivery 30.63 (4.47)
Marital status Married 55.5% (1235)

Non-married 42.0% (934)
Divorced 0.9% (20)
Registered relationship 0.2% (5)

Lives with a partner Gestational week 14 93.9% (2085)
Gestational week 34 97.2% (2153)

Previous deliveries None 52.7% (1171)
At least one 47.2% (1051)

Education Mid/low 34.0% (719)
High/voc 30.0% (634)
High 35.9% (759)

Maternal monthly income (T1) ≤ 1000 € 20.1% (446)
1001–2000 € 50.3% (1061)
 ≥ 2000 € 28.6% (604)

Smoking during pregnancy (registry + question-
naire)

Early pregnancy 8.5% (190)
Late pregnancy 5.3% (118)

Somatic disease/disability Yes 25.8% (573)
Mental (life-time) illness, self-report Depression 12.4% (261)
Antidep. medication (SSRI/SNRI) Gestational week 14 3.1% (64)

Gestational week 34 2.9% (61)
Sleep medication 1×/month or more Gestational week 14 0.8% (17)

Gestational week 24 0.5% (11)
Gestational week 34 0.9% (18)
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mid-pregnancy (T1 + T2; Table 2; Fig. 1b) were highly ele-
vated in women with all eight risk factors (multiparity, his-
tory of depression, low income, sleep latency ≥ 20 min at T1, 
increased depressive and anxiety symptoms at T1, decreased 
functional capability at T2, and increased depressive symp-
toms at T2) (OR 141; McFadden 0.142, Nagelkerke 0.174) 
when compared to women with none. In late pregnancy, the 
ORs for PDS at T4 were calculated after accounting for all 
of the cumulative significant information (background infor-
mation as well as measures from T1, T2 and T3) (Fig. 1c). 
These models further confirmed that women with multiple 
risk factors had a highly elevated risk compared to women 
with no risk factors, for example, a 266-fold higher OR 
for women with all risks (multiparity, history of depres-
sion, sleep latency ≥ 20 min at T1, increased anxiety at T1, 
decreased functional capability at T2, increased depressive 
symptoms at T2, insufficient sleep at T3, and increased 
depressive symptoms at T3; n = 1; McFadden 0.174, Nagel-
kerke 0.212).

In sensitivity analysis, we repeated the predictive model 
analyses after removing the sleep item “I have been so 
unhappy that I have had difficulty sleeping” from the EPDS 
sum score. The main results remained the same (Online 
Resource 2). The model calculated without the sleep item 
was able to predict PDS as well as the other models. For 
example, the Nagelkerke for the T1 + T2 + T3 model was 
0.213.

In a second sensitivity analysis, we compared linear 
(Online Resource 3) and logistic (Online Resource 1) regres-
sion models using EPDS as a continuous/dichotomized 
dependent variable and dichotomized insomnia symptom 
variables as the dependent variables. The following vari-
ables were significantly associated with postnatal depressive 
symptoms only in linear regression models: night awaken-
ings > 3×/night and poor sleep quality in early pregnancy, 
sleep latency, sleep quality, and short sleep < 7 h in middle 
pregnancy, and early morning awakenings, decreased well-
being, and decreased functioning in late pregnancy. All the 
other p values remained unchanged.

Discussion

Main findings and comparison with other studies

Our study had two aims: to study the association of mater-
nal insomnia symptoms during pregnancy with postnatal 
depressive symptoms (PDS) and to create a cumulative 
model of risk factors for PDS. We demonstrated that not 
only insomnia symptoms in late pregnancy, but also those 
in early pregnancy relate to PDS, even after adjusting for 
concurrent depressive symptoms. To the best of our knowl-
edge, the latter finding has not been reported before, hence 

emphasizing the importance of already evaluating sleep 
from the beginning of pregnancy. When we investigated the 
accumulation of risk by calculating the odds ratios for early, 
mid-, and late pregnancy and for distinct risk factor combi-
nations, women with multiple risk factors had a markedly 
increased risk of PDS.

Our findings concerning insomnia symptoms during late 
pregnancy versus depressive symptoms 3 months postnatally 
are in agreement with previous studies [7, 33]. However, due 
to the scarcity of literature, comparison of our findings con-
cerning early and mid-pregnancy is more difficult. A recent 
cross-sectional study conducted during the late second tri-
mester and third trimester of pregnancy showed that sleep 
onset difficulties together with high nocturnal rumination 
were highly correlated with concurrent depressive symp-
toms and even suicidal ideation [34]. In non-pregnant sam-
ples, prolonged sleep latency has been shown to be a robust 
predictor of risk for depression: for example, Blanken et al. 
reported difficulty initiating sleep as a primary target for the 
prevention of depression in a study with a 6-year follow-up 
[35]. Finally, Kalmbach et al. found that during a 2-year 
follow-up, poor sleepers with difficulty initiating and main-
taining sleep and having cognitive distortions concerning 
stressful events were particularly susceptible to developing 
depression [36]. However, the finding that long sleep latency 
already experienced during early pregnancy was associated 
with postnatal depressive symptoms is novel. Another novel 
finding is that in contrast to other pregnancy time-points, 
the predictive models at mid-pregnancy demonstrated that 
an insufficient total sleep time predicted postnatal depres-
sive symptoms. Sleep changes as pregnancy progresses [37], 
and thus, both the screening time and screening items are 
essential for recognizing women at increased risk of PDS.

Although sleep problems are a diagnostic criterion in 
depression, sleep disruption has been shown to precede 
depression in non-pregnant populations [38–40], with the 
latest meta-estimate of OR 2.8 (95% CI 1.6–5.2) [40]. In a 
study by Ohayon and Roth [41], 40% of depressed patients 
reported insomnia before the first depressive episode, and 
56% had insomnia preceding depression relapse. Hypera-
rousal of both sleep- and wake-promoting brain areas is con-
sidered as a central element of insomnia [42], which may 
represent inadequate resolution of emotional distress during 
rapid-eye-movement sleep [43]. In addition, sleep disruption 
can influence mood via systemic inflammation, oxidative 
stress, circadian rhythm disruption, altered melatonin secre-
tion, and genetic factors (reviewed by Refs. [9, 44, 45]).

Odds ratios

Risk calculators have been used for years in somatic medi-
cine and clinical practice. However, to the best of our 
knowledge, there are no published reports using heat maps 
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to demonstrate the risk of postnatal depressive symptoms. 
Most of risk factors used in our models (such as multiparity, 
history of depression, educational and income level, anxiety, 
and depression during pregnancy) have been reported in the 
previous literature [4]. As expected, depressive symptoms 
during pregnancy strongly predicted postnatal depressive 
symptoms. Furthermore, a decreased functional capability 
in pregnancy was also a risk factor. Importantly, sleep pat-
terns in different phases of pregnancy, especially in early 
and mid-pregnancy, have generally been ignored in predic-
tive models. Notably, our models revealed that one or two 
simultaneous risk factors only slightly increased the risk, 
depending on the factor, whereas the accumulation of three 
or more risk factors increased the risk substantially. In par-
ticular, the magnitude of relative risk accumulated with mul-
tiple risk factors.

Meaney et al. [46] have highlighted the importance of 
subclinical maternal depressive symptoms and, respectively, 
we have previously shown in another Finnish birth cohort 
that even mild maternal perinatal depressive symptoms are 
associated with children’s emotional problems at the ages 
of 2 and 5 years [47]. Thus, after careful consideration, we 
chose to use an EPDS cut-off score of 11 or more to indicate 
postnatal depressive symptoms. A cut-off of 13 or more is 
probably too high for the Finnish population, as in the FB 
cohort, only 3.8% of women had a score exceeding this.

Depressive symptoms can change during pregnancy, as 
reported by Korja et al. [48]. However, here, we focused on 
predicting postnatal depressive symptoms and thus adjusted 
the analyses for depressive symptoms during pregnancy.

It is noteworthy that while our predictive models were 
aimed at using background information and sleep to predict 
PDS, not all potential known risk factors were accounted 
for, and hence, these models are not fully comprehensive. In 
the future, factors such as marital satisfaction, the relation-
ship with one’s own attachment figures, and the life-time 
history of trauma or abuse could be included in the risk 
analysis. The Antenatal Risk Questionnaire [49] or a similar 
scale could aid in evaluating such psychosocial risks. Nev-
ertheless, our variables were easy to measure and provided 
important insights into the factors that contribute to sleep 
disturbances during pregnancy.

Strengths and limitations

The strengths of this study were the normative population, 
the relatively large sample size, and the longitudinal study 
design with an acceptable drop-out rate when compared to 
other studies. Importantly, our study design considered clini-
cal implications, which was also a major strength.

One limitation is the attrition in our study. When the 
women who had returned the questionnaire at 3 months 
postpartum were compared to those who did not return it, 

we found attrition to be higher among those women who had 
higher depressive symptoms in the early pregnancy. Moreo-
ver, significantly more women who at T1 had sleep onset 
difficulties (p < 0.001), woke up > 3×/night (p < 0.001), or 
had poor sleep quality (p < 0.001) dropped out of the study 
before T4. Thus, our results might not be generalized to the 
whole population, as the attrition was higher among women 
at increased risk. However, the detected associations could 
have been even stronger if these women had continued to 
participate in this study. In the future, objective sleep regis-
tration could provide complementary information. Another 
limitation was that EPDS has an item concerning sleep. 
However, our sensitivity analysis (Online Resource 2) 
repeated the analyses using the EPDS scale without the sleep 
item and confirmed that the models were able to predict PDS 
similarly to the original models.

Conclusion

The use of heat map visualizations in clinical practice would 
help to identify women at increased risk of postnatal depres-
sive symptoms. Of the risk factors included in the model, 
depression, anxiety, and insomnia symptoms during pregnancy 
are modifiable and treatable. However, neither anxiety nor 
insomnia symptoms are routinely screened at antenatal visits. 
Our results indicate that in addition to EPDS, both long sleep 
latency and anxiety should already be screened in early preg-
nancy to increase the sensitivity of screening for PDS. At the 
first antenatal visit, our early visual PDS odds ratio heat map 
could serve as a novel tool for identifying women with multi-
ple risks, and help to evaluate the need for potential preventive 
interventions. For instance, cognitive behavioural therapy for 
insomnia (CBT-I) has also been shown to be a promising treat-
ment option for pregnant women, whether delivered in person 
[50] or in digital format [51, 52].
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