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DEPRESSION AND INSOMNIA ARE COMORBID AND 
INTERRELATED CONDITIONS,1,2 AND INSOMNIA IS OF-
TEN A PRECURSOR OF, AS WELL AS A NEGATIVE prog-
nostic factor for, depression.3,4 Postpartum women sleep less 
during the early weeks following delivery than during pregnan-
cy and other periods of reproductive age.5,6 At the same time, 
these women have an increased risk of depression.7,8 However, 
little attention has been devoted to the altered sleep pattern dur-
ing the postpartum period and a possible association with ma-
ternal depression.9,10

The International Classification of Sleep Disorders, 2nd edi-
tion, defines insomnia as the presence of a sleep problem de-
spite adequate opportunities for sleep.11 Such opportunities for 
sleep may be hard to find during the first postpartum months, 
as several factors can influence sleep among new mothers, in-
cluding physical changes, demands from the infant and social 
factors.12 However, it has been suggested that sleep deprivation 
during the postpartum period caused by such factors may devel-
op into chronic insomnia.13 Some authors have also suggested 
that sleep deprivation in healthy mothers could produce day-
time sleepiness, cognitive deficits, fatigue, and irritability, con-
sistent with mood symptoms reported postpartum,14 and they 
have postulated that the mothers were “sleepy, not weepy.”15

On the other hand, postpartum depression may aggravate an 
already impaired sleep quality, as experiencing difficulties with 
sleep is a symptom of depression.16 It is important to identify 
maternal depression because of its negative effects upon both 
the mother and child. Without help or treatment, the conse-
quences may be prolonged and expensive for the women, for 
their families and in terms of the demands made on healthcare 
resources. In cases of severe depression, especially with psy-
chotic symptoms, there is a risk of suicide.17 Depression in the 
mother may also affect the child’s cognitive, emotional, and so-
cial development.18 Women suffering from depression are less 
likely to breastfeed,19 and, in developing countries, maternal 
depression is associated with poor infant growth.20

Prevalence estimates of depression in the postpartum period 
range from nearly 0% to 60%,21 depending on the study popula-
tion and methodology. However, an overall estimate of 13% is 
commonly cited.22 One of the strongest determinants of post-
partum depression is a previous history of depression.22-24 There 
is also a familial and genetic component.25 In addition to sleep 
disturbances, other factors may increase the risk of postpartum 
depression. Psychological distress, depression, and stressful 
life events during the previous year are all associated with an 
increased risk of the condition, as is a poor relationship with a 
partner.19,22-24

Associations between poor maternal sleep quality and de-
pressive symptoms have been reported in questionnaire studies 
in smaller, selected samples of first-time mothers.26,27

Studying sleep diaries from primiparous women during the 
first postpartum month, Swain et al. found a correlation between 
the time spent awake at night and dysphoric mood during the 
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first postpartum week,28 whereas Wolfson et al. found no dif-
ferences in sleep diaries between depressed and non-depressed 
mothers.29 Associations between poor infant sleep, maternal 
daytime tiredness, and depressive symptoms have been re-
ported in population studies. However, they mainly focused on 
infant sleep and did not use validated tools for the measurement 
of maternal sleep. Further studies including a larger and more 
heterogeneous group of women have been recommended.26

This cross-sectional study therefore aimed to estimate the 
prevalence of and risk factors for poor maternal sleep and de-
pression simultaneously among postpartum women in a large, 
unselected population, using validated and commonly used 
tools. We also aimed to examine whether known risk factors 
for depression remained associated with depression after ad-
justing for the expected impaired sleep quality in this period. In 
this way, we wished to challenge the notion that mothers diag-
nosed with postpartum depression are in reality just reporting 
the effects of chronic sleep deprivation.14,15 Finally, we wanted 
to examine whether poor sleep is an independent risk factor for 
postpartum depression, and, if so, to find out which aspects of 
postpartum sleep are associated with depression in this period.

METHOD

Study Population and Sampling

From October 2005 to September 2006, all women who gave 
birth to a live child at Stavanger University Hospital in Norway 
were invited to participate in a cross-sectional questionnaire 
study of sleep and depressive symptoms. The hospital recruits 
women from a population of 300,000, including both urban 
and rural areas, and it is the region’s only facility for deliver-
ies. Seven weeks after delivery, questionnaires were mailed to 
the women living within the hospital’s catchment area. Women 
whose children had died at birth or before the questionnaire was 
mailed were excluded. Women who did not respond within 2.5 
weeks received a reminder, and women who replied later than 
20 weeks after delivery were excluded (3 women).

Measure of Sleep

The Pittsburgh Sleep Quality Index (PSQI)30 was used to 
measure global sleep quality. The PSQI is a widely used self-
rating questionnaire that assesses clinical and subjective sleep 
complaints during the previous month. Nineteen individual 
items generate 7 component scores (range 0–3, with higher 
scores indicating worse sleep): subjective sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleeping medication, and daytime dysfunction. 
The sum of the scores for the 7 components yields one global 
sleep quality score (maximum score 21). A cut-off value of 5 
has shown a sensitivity of 90% and a specificity of 87% for 
discrimination between “good” and “poor” sleepers. It has been 
translated into Norwegian and validated.31

Four questions taken from a Norwegian population study 
asked about any history of sleep problems outside perinatal peri-
ods, each coded yes/no (previously having experienced difficul-
ties falling asleep, multiple awakenings at night, early morning 
awakenings, and sleep problems affecting daytime function).32 

Women who answered yes to one or more of these questions 
were classified as having had “previous sleep problems,”

Measure of Mental Health

The Edinburgh Postnatal Depression Scale (EPDS)33 was 
used to measure depressive symptoms. The EPDS is a 10-item 
self-rating questionnaire developed to screen for depression in 
the postpartum period. It asks about symptoms present during 
the last 7 days. Each question has 4 alternative answers, scored 
0–3, giving a maximum score of 30. Item 7 on the scale asks 
whether the woman has been “so unhappy that I have had dif-
ficulty sleeping.” In the statistical analyses for associated fac-
tors in the present study the EPDS scores were dichotomized 
as high ( ≥ 10) or low score ( < 10). This cut-off was found to 
have good psychometric properties in a Norwegian validation 
study.34 Women scoring ≥ 10 on the EPDS were classified as 
depressed.

Variables Obtained from Birth Records

Demographic characteristics (age, marital status, address) 
and obstetric history (parity, previous stillbirths and miscarriag-
es, previous caesarean sections) were obtained from the hos-
pital’s birth records. These records also provided information 
about the present mode and time of delivery and characteristics 
of the infants, such as sex, twins/triplets, gestational age, birth 
weight, and Apgar scores.

Other Variables

The women were asked about their highest completed edu-
cation and their main occupation (employed, self-employed, 
housewife, student, unemployed, or receiving disability/ reha-
bilitation benefit). Most women in Norway are entitled to 44 
weeks of maternity leave with full pay after delivery, based 
on their income, whereas women without independent income 
receive a cash grant immediately after delivery. Students are 
given funding enabling them to postpone their studies for 6 
months. Most women would therefore be at home with the baby 
at the time of the study. We also asked about breastfeeding prac-
tice (exclusively, with supplement, or not breastfeeding) and 
where the baby slept at night (cosleeping, separate bed, sepa-
rate room, other). Information about any history of depression 
was obtained using a scale consisting of 5 questions (concern-
ing sadness, appetite changes, lack of energy, self-blame, and 
concentration) constructed to measure lifetime history of major 
depression based on the DSM-IV criteria.35 When a woman re-
ported having experienced ≥ 3 of these symptoms simultane-
ously for more than 2 weeks, she was asked to specify when this 
had occurred: during pregnancy, after the current delivery, and/
or previously. A question about depression among close fam-
ily members was coded yes, no, or don’t know. We also asked 
about the experience of 10 specific stressful life events during 
the last year (rated emotionally “not so difficult, difficult, or 
very difficult”), as described by Eberhard-Gran et al.19 Finally, 
women who had a partner were asked to rate their satisfaction 
with the relationship (very content, content, some discontent, 
or very discontent).
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Data Analysis

The questionnaires were optically scanned, and later manual-
ly checked for seemingly abnormal figures that appeared during 
data cleaning. If any of the data contributing to the PSQI total 
score were missing (110/2830, 3.9%), these respondents were 
excluded from the analysis of the corresponding subscore(s). 
However, if the sum of the remaining scores was > 5, these 
respondents were allocated to the group of high scorers. Simi-
larly, if only one subscore was missing, and the sum of the re-
maining observations was 2 or less, these women were counted 
as low scorers. Only 39 women (1.4%) could not be categorized 
as either high or low scorers. For missing data in the EPDS (n = 
49, 1.7%), sample means for these questions were used when 
the woman had completed at least 8 of the 10 questions contrib-
uting to the score (n = 44).

The distributions of the data were checked for normality. 
The scales’ internal consistencies were calculated using Cron-
bach α. For numerical data, medians, means, standard devia-
tions (SD) and 95th percentiles were calculated. Differences 
in means were tested using the Student independent t-test. 
Proportions are presented for categorical data. The correlation 
between PSQI score and the age of the infant was examined 
by linear regression. Effect sizes for the differences in mean 
PSQI scores between depressed and non-depressed women 
were calculated with Hedges bias correction. An actigraphy 
study of a subsample of this population found worse sleep 
among primiparas.36 Receiver operating characteristic (ROC) 
curves with coordinate estimates were therefore calculated 
for primiparas and for multiparas to suggest separate cut-off 
levels on the PSQI for an increased risk of depression. Differ-
ences between women scoring above or below cut-off values 
of the PSQI and the EPDS were tested by logistic regression 
analyses. The variables significantly (P < 0.05) associated 

with a PSQI value > 5 or with an EPDS value ≥ 10 in univari-
ate logistic regression analyses were included in forward mul-
tiple logistic regression models (based upon likelihood ratios) 
along with age. This resulted in adjusted odds ratios (OR) 
with 95% confidence intervals (CI). To adjust for potential co-
linearity between the PSQI and the EPDS, these analyses were 
repeated without item 7 on the PSQI (daytime function) and 
without item 7 on the EPDS (sleep), without changing their 
respective cut-off levels. SPSS 15.0 for Windows was used 
for all statistical analyses except for the calculation of effect 
sizes, for which HyperStat Online’s effect size calculator was 
used.37 Statistical significance was set to a P-value lower than 
0.01 in the final models due to the large sample size and num-
ber of calculations.

Ethical Considerations

A letter of invitation was sent to the women along with the 
questionnaire, explaining the purpose of the study and that 
participation was voluntary. After giving the subjects a full de-
scription of the study, written informed consent was obtained. 
The study was approved by the National Data Inspectorate and 
the Regional Committee for Medical Research Ethics in West-
ern Norway.

RESULTS

A total of 2830 women participated in the study (68% of all 
eligible women). Table 1 describes participation rates for spe-
cific sub-groups of mothers. The mean age of the mothers at the 
time of reply was 30 years (SD 4.7; range 18–48). The median 
age of the infants at the time of reply was 7.7 weeks, the mean 
age was 8.4 weeks (SD 1.5; range 6.6–19.6), and the 95 percen-
tile was 11.2 weeks.

Table 1—Selected Population Demographics and Response Rates

	 Target population	 Included	 OR (95% CI)	 Response
		   n	 %	  n	  % 		  %
All delivered women 	 4191	 100	 2830	 100		  67.5
Relationship status
	 Partnered	 3980	 95.0	 2716	 96.0	 1.0	 68.2
	 Single	 211	 5.0	 114	 4.0	 1.8 (1.4–2.4)**	 54.5
Age
	 ≥ 24 years	 3651	 87.1	 2523	 89.2	 1.0	 69.1
	 < 24 years	 540	 12.9	 307	 10.8	 1.7 (1.4–2.0)**	 56.9
Length of gestation
	 ≥ 37 weeks 	 3936	 93.9	 2685	 94.9	 1.0	 68.2
	 < 37 weeks	 255	 6.1	 145	 5.1	 1.6 (1.3–2.1)**	 57.2
Number of children
	 1-2 children	 3285	 78.4	 2265	 80.0	 1.0	 68.9
	 3 or more children	 906	 21.6	 565	 20.0	 1.3 (1.2–1.6)**	 62.6
Mode of delivery
	 Vaginal	 3669	 87.5	 2490	 88.0	 1.0	 67.9
	 Operative*	 522	 12.5	 340	 12.0	  1.1 (0.9–1.4) 	 65.3
Infants
	 Single baby	 4109	 98.0	 2774	 98.0	 1.0	 67.5
	 Twins	 82	 2.0	 56	 2.0	  1.0 (0.6–1.5) 	 68.3

*Both elective and emergency, similar response rates; **P < 0.001, binary logistic regression
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the PSQI are shown in Table 2, along with differences by depres-
sive status. The table also shows numeric values for some of the 
variables contributing to the PSQI scores (sleep onset latency, 
total hours’ sleep at night and sleep efficiency). Linear regression 
showed that the total PSQI score decreased only slightly accord-
ing to the age of the infant (R2 = 0.03, P < 0.001) (Figure 1). The 
decline in the mean PSQI score was mainly accounted for by a 
reduced subscore 4 (i.e., better sleep efficiency) among the 187 
women (7% of the total sample) who responded in the 11th to the 
19th postpartum week. The numerical change in sleep efficiency 
between early and late responders was 6% (from 72% in week 
6-7 to 78% in week 11–19). Fifty-eight women (2.0%) had used 
sleep medication the previous month, 24 (0.8%) at least weekly.

The forward multiple logistic regression analysis showed that 
depression was the factor most strongly (highest OR) associated 
with sleep problems during this period (Table 3). In addition, 
previous sleep problems, being primiparous, breastfeeding with 
supplement, or having a male infant remained factors associated 
with postpartum sleep problems (PSQI > 5). There was also a 
small difference in sleep for mothers with younger babies (mean 
difference in infant age of 0.1 weeks, SD 0.06, P < 0.01) and du-
ration of pregnancy (mean difference of 0.2 weeks, SD 0.07, P < 
0.001). Better maternal sleep was associated with the baby sleep-
ing in a different room. When omitting EPDS question 7 (about 
sleep) and PSQI subscore 7 (daytime function) from the forward 
multiple analysis, but keeping the same cut-off on the scales, OR 
for depression was reduced from 6.4 to 4.1 (95% CI 3.2–5.4, P < 
0.001), and OR for previous sleep problems from 3.1 to 2.3 (95% 
CI 1.9–2.8, P < 0.001), whereas the other variables showed only 
minor changes with unchanged significance. 

Depression

The mean EPDS score was 5.3 (SD 4.5). Cronbach α was 
0.86. The prevalence of depression, defined as EPDS ≥ 10, was 
16.5%. Figure 2 shows the proportions (95% CI) of women with 
depressive symptoms by total score on the PSQI, stratified by 
parity. The figure illustrates that PSQI scores above 7 for mul-

Global Sleep Quality, PSQI

The mean score for the PSQI was 6.3 (SD 3.1), with 57.7% 
scoring above the cut-off value ( > 5). The Cronbach α for the 
scale was 0.71. This increased to 0.73 when omitting the PSQI 
subscore 6 (sleep medication). The mean total and subscores on 

Table 2—PSQI Scores and Self-Reported Sleep Variables by Depressive Status

	 	 Missing	 All women	 EPDS < 10	 EPDS ≥ 10	 Effect size**
			   (n = 2830)	 n = 2359 a	 n = 466a	
			   Mean (SD)	 Mean (SD)	 Mean (SD)	
PSQI total (0-21)	 110	 6.3 (3.1)	 5.7 (2.7)	 9.2 (3.1)	 1.2
PSQI subscores (0-3):					   
	 1: Sleep quality	 8	 1.0 (0.7)	 0.9 (0.6)	 1.6 (0.8)	 1.0
	 2: Sleep latency	 41	 0.7 (0.9)	 0.6 (0.8)	 1.2 (1.0)	 0.7
	 3: Sleep duration	 18	 1.1 (0.8)	 1.0 (0.8)	 1.5 (0.9)	 -0.6
	 4: Habitual sleep efficiency	 29	 1.6 (1.1)	 1.5 (1.1)	 2.0 (1.0)	 0.4
	 5: Sleep disturbances	 30	 1.0 (0.5)	 0.9 (0.5)	 1.3 (0.6)	 0.9
	 6: Use of sleep medication	 6	 0.03 (0.3)	 0.02 (0.2)	 0.11 (0.5)	 0.3
	 7: Daytime dysfunction	 20	 1.0 (0.7)	 0.9 (0.6)	 1.7 (0.8)	 1.3
Sleep variables, by PSQI					   
	 Sleep onset latency, minutes	 30	 19 (33)	 17 (31)	 26 (38)	 0.3
	 Sleep at night, hours	 18	 6.5 (1.3)	 6.6 (1.2)	 5.8 (1.3)	 -0.6
	 Sleep efficiency (%)	 29	 73 (14)	 74 (14)	 68 (15)	 -0.5

**All P values < 0.001; aFive women had missing EPDS scores; PSQI – Pittsburgh Sleep Quality Index; EPDS – Edinburgh Postnatal Depres-
sion Scale; SD – Standard deviation

Figure 1—Changes in mean PSQI score and subscores by post-
partum week.
_______ PSQI total score*

------- Sleep efficiency, subscore 4*

_ _ _ _ _ Sleep duration, subscore 3*

PSQI - Pittsburgh Sleep Quality Index.
Reduced scores indicate better global sleep quality, better sleep 
efficiency, and longer sleep duration.
Error bars: 95% confidence interval.
*Significant change (P < 0.01, linear regression). The PSQI sub-
scores 1: Subjective sleep quality, 2: Sleep onset latency, 5: Sleep 
disturbances, 6: Sleep medication and 7: Daytime dysfunction did 
not show significant changes by postpartum week, and are not 
shown.
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had depressive symptoms. Sleep disturbances and poor subjec-
tive sleep quality were associated with depression independent-
ly of other significant risk factors for the disease. Previous sleep 

tiparas (sensitivity 0.73, specificity 0.67), or 8 for primiparas 
(sensitivity 0.74, specificity 0.72) implied a risk of depressive 
symptoms above the mean 16.5% population prevalence.

Table 4 shows factors significantly associated with depression 
(EPDS ≥ 10) in the forward multiple logistic regression analysis. 
Poor sleep quality was also associated with depression when ad-
justed for other significant risk factors for postpartum depression: 
poor partner relationship, previous depression, depression during 
pregnancy, and stressful life events. Daytime function, sleep dis-
turbances, subjective sleep quality, and sleep onset latency were 
the PSQI subscores associated with a high depressive score. Re-
peating the forward multiple analysis without EPDS question 7 
(sleep) and PSQI subscore 7 (daytime function) and keeping the 
same cut-off in the EPDS for depression, we found that the size 
of the odd ratios of subjective sleep quality (OR 2.9, 95% CI 2.4–
3.5, P < 0.001) and sleep disturbances (OR 3.1, 95% CI 2.4–4.1, 
P < 0.001) decreased, but still remained significantly associated 
with depression. The association between depression and sleep 
onset latency became non-significant. The other factors remained 
significantly associated with depression, with odds ratios similar 
to those shown for each factor in Table 4.

DISCUSSION

Two months after delivery, nearly 60% of the postpartum 
women experienced poor global sleep quality, whereas 16.5% 

Table 3—Variables Associated with Poor Global Sleep Quality (PSQI > 5) in 2791a Postpartum Mothers, Results from Forward Multiple 
Logistic Regression Analysis

	 Totalb	 PSQI ≤ 5 	 PSQI > 5
	 n = 2791	 n = 1181	 n = 1610	 OR	 Adj. ORc

	 n %	 n %	 n %	 (95% CI)	 (95%CI)
Depressive symptoms
	 EPDS < 10	 2325	 83.4	 1128	 95.6	 1197	 74.5	 1.0	 1.0
	 EPDS ≥ 10	 462	 16.6	 52	 4.4	 410	 25.5	 7.4 (5.5–10.0)**	 6.4 (4.6–8.9)**
Previous sleep problems
	 No 	 1936	 73.8	 978	 86.2	 958	 64.4	 1.0	 1.0
	 Yes, 1-4	 687	 26.2	 157	 13.8	 530	 35.6	 3.4 (2.8–4.2)**	 3.1 (2.5–3.8)**
Parity
	 Multipara	 1570	 56.3	 729	 61.7	 841	 52.2	 1.0	 1.0
	 Primipara	 1221	 43.7	 452	 38.3	 769	 47.8	 1.5 (1.3–1.7)**	 1.7 (1.4–2.0)**
Feeding method 
	 Breastfeeding only 	 2165	 77.7	 966	 81.9	 1199	 74.5	 1.0	 1.0
	 Breastfeeding and supplement 	 376	 13.5	 118	 10.0	 258	 16.0	 1.8 (1.4–2.2)**	 1.5 (1.2–2.0)*
	 Not breastfeeding	 247	 8.9	 95	 8.1	 152	 9.4	 1.3 (1.0–1.7)	 1.1 (0.8–1.5) 
Sex of newborn
	 Female 	 1343	 48.1	 615	 52.1	 728	 45.2	 1.0	 1.0
	 Male 	 1448	 51.9	 566	 47.9	 882	 54.8	 1.3 (1.1–1.5)**	 1.3 (1.1–1.5)*
Place sleeping at night 
	 Infant in mother’s bed 	 445	 16.0	 166	 14.1	 279	 17.4	 1.0	 1.0
	 separate bed 	 2217	 79.7	 958	 81.5	 1259	 78.4	 0.8 (0.5–1.1)	 0.6 (0.4–1.0) 
	 separate room	 120	 4.3	 52	 4.4	 68	 4.2	 0.8 (0.6–1.0)	 0.7 (0.6–0.9)*

**P < 0.001 *P < 0.01 PSQI – Pittsburgh Sleep Quality Index. EPDS – Edinburgh Postnatal Depression Scale. a39 women could not be classi-
fied as high or low scorers on the PSQI, due to missing data. b181 women had missing values for one or more of the variables included in the 
final model. “Earlier sleep problems” was missing for 168 women, for the other variables, between 0-9 observations were missing. cAdjusted 
for all the variables in the table, maternal age, infant age (P < 0.01) and duration of pregnancy (P < 0.001). The following variables (which 
were all individually associated with PSQI > 5, P < 0.05) were entered in the forward logistic regression, but not included in the final model 
because of non-significance: marital status (married/cohabiting or not), level of education, employment status (full-time income or not), ear-
lier depression, depression during pregnancy, stress factors previous year, delivery method (caesarean section or not) and twins.

Figure 2—Prevalence of depression (EPDS ≥ 10) by PSQI scores 
and parity.
EPDS – Edinburgh Postnatal Depression Scale.
PSQI – Pittsburgh Sleep Quality Index (Range 0-21).
Error bars – 95% confidence interval.
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sion (EPDS ≥ 10) had lower PSQI scores than the depressed 
group in the original validation.30 However, not all women with 
elevated EPDS scores will be severely depressed, due to false 
positives and the inclusion of women with minor depression.42

Sleep and Depression

Depression was associated with poor global sleep quality 
also when adjusted for known psychosocial stressors and in-
dividual disposition to depression. The duration of sleep and 
sleep efficiency were not associated with depression, whereas 
poorer subjective reports of sleep quality and sleep disturbanc-
es were. Huang et al. also found sleep disturbances and daytime 
dysfunction to be the PSQI subscores most strongly related to 
depressive symptoms three weeks after delivery.27 Similarly, 
Dennis et al. reported an association between daytime tiredness 
and maternal depression.43 However, the association between 
daytime dysfunction and depression may be explained by colin-
earity between the two scales, as the association weakened, but 
remained significant, when overlapping questions were omitted 
from the analyses.

Associations between the amount of sleep and the percep-
tion of sleep quality may differ between depressed and non-
depressed subjects.44 Mothers reporting good sleep quality 

problems and being a first-time mother were associated with 
poor global sleep quality, but not with depression.

The first three months after delivery are characterized by a 
continuous change in sleep parameters.38 Hence, postpartum 
women may have difficulties evaluating the previous month’s 
sleep, as required by the PSQI. However, the psychometric 
properties of the scale were acceptable and similar to previous 
validations.30,31 There was a significant, although small decline 
in PSQI scores with increasing age of the infant, mainly due 
to improved sleep efficiency from the 11th postpartum week 
(Figure 1). The other subscores remained stable throughout the 
period. The PSQI therefore seems to be valid for use also dur-
ing the postpartum period.

The prevalence of EPDS ≥ 10 was higher than previously re-
ported from Norway.19,39 This may reflect a possible increase in 
psychiatric symptoms among young women in Norway.40 How-
ever, mothers who were single, younger, had more than two 
children or a premature baby were less likely to participate, and 
this may have influenced the prevalence estimates slightly.

Both depressed and non-depressed women reported lower 
sleep efficiency than the normal 85% or more41 and had a short-
er sleep duration than previously reported from Norway.31,32 
The PSQI scores were lower than found among first-time moth-
ers two to three weeks postpartum,27 and women with depres-

Table 4—Variables Associated with Depression (EPDS ≥ 10) Among 2825a Postpartum Women, Results from Multiple Logistic Regression 
Analysis

	 Total	 EPDS < 10	 EPDS ≥ 10	 OR	 Adj. OR c

	 n = 2825	 n (2359 b)	 n (466 b)	 (95% CI)	 (95%CI)
PSQI global score	 n	 %	 n	 %	 n	 %
PSQI ≤ 5	 1180	 42.3	 1128	 48.5	 52	 11.3	 1.0
PSQI > 5	 1607	 57.7	 1197	 51.5	 410	 88.7	 7.4 (5.5–10.0)**
PSQI subscores (0-3):
	 1: Subjective sleep quality 								        1.6 (1.3–2.0) **
	 2: Sleep onset latencyd 								        1.4 (1.2–1.6) **
	 5: Sleep disturbances 								        2.3 (1.8–3.1) **
	 7: Daytime functiond 								        3.1 (2.5–3.8) **
Relationship to partner
	 Very content	 1935	 68.8	 1721	 73.2	 214	 46.3	 1.0	 1.0
	 Content	 636	 22.6	 491	 20.9	 145	 31.4	 2.4 (1.9–3.0) **	 1.8 (1.3–2.4) **
	 Some/very discontent 	 173	 6.2	 86	 3.7	 87	 18.8	 8.1 (5.8–11.3) **	 4.0 (2.6–6.1) **
	 Do not have a partner	 68	 2.4	 52	 2.2	 16	 3.5	 2.5 (1.4–4.4) **	 1.2 (0.6–2.7)
Depression during pregnancy
	 No	 2599	 93.0	 2235	 95.7	 364	 79.3	 1.0	 1.0
	 Yes	 196	 7.0	 101	 4.3	 95	 20.7	 5.8 (4.3–7.9) **	 2.4 (1.6–3.6) **
Previous depression
	 No	 2048	 73.3	 1800	 77.0	 248	 54.0	 1.0	 1.0
	 Yes	 747	 26.7	 536	 23.0	 211	 46.0	 2.9 (2.3–3.5) **	 1.7 (1.3–2.3) **
Stress factors last year, rating
	 0	 1324	 49.2	 1207	 53.8	 117	 26.1	 1.0	 1.0
	 1-5	 1091	 40.5	 877	 39.1	 214	 47.8	 2.5 (2.0–3.2) **	 1.4 (1.1–1.9) *
	 > 5	 276	 10.3	 159	  7.1	 117	 26.1	 7.6 (5.6–10.3) **	 2.2 (1.4–3.3) **

**P < 0.001 * P < 0.01. PSQI – Pittsburgh Sleep Quality Index. EPDS – Edinburgh Postnatal Depression Scale. a5 women had missing EPDS 
scores. b237 women had missing data for one or more of the variables, and were not included in the final model. “Stress factors” were miss-
ing for 134 women; for the other variables, between 0-43 observations were missing. cAdjusted for all the variables in the table and maternal 
age. dNot significant when adjusting for overlapping constructs in the PSQI and the EPDS, see text. The following variables (which were 
all individually associated with depressive symptoms, P < 0.05) were entered in the forward logistic regression, but not included in the final 
model because of non-significance: level of education, employment status, depression in close family, earlier sleep problems, marital status, 
feeding method, and gender of baby.
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Conclusion and Further Research

Due to the cross-sectional design, this study cannot determine 
causality. Others have suggested a bidirectional relationship 
between sleep and depression.1,52 Individual women may react 
differently to shorter sleep duration and lower sleep efficiency 
during the postpartum period. The sleep of women with a histo-
ry of depression may be more sensitive to the psychobiological 
(hormonal, immunological, psychological, and social) changes 
associated with childbirth.53,54 Sleep could act as a moderator 
between these risk factors for depression and the precipitation 
of depression in women vulnerable to such sleep changes dur-
ing the postpartum period. Longitudinal studies are needed to 
evaluate whether treatment of maternal sleep problems reduces 
depression and whether treatment of maternal depression im-
proves sleep quality.

ABBREVIATIONS

CI – Confidence interval
DSM-IV – Diagnostic and Statistical Manual of Mental 

Disorders – 4th edition
EPDS – Edinburgh Postnatal Depression Scale
OR – Odds ratio
PSQI – Pittsburgh Sleep Quality Index
ROC – Receiver operating characteristic
SD – Standard deviation
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