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Abstract 

Background Poor sleep may negatively affect parents’ health-related quality of life (HRQoL). This longitudinal study 
aimed to describe and compare sleep, insomnia and HRQoL in mothers and fathers of preterm and full-born infants, 
and to assess possible associations between sleep, insomnia, and HRQoL from birth up to 12 months in the total 
sample.

Methods A longitudinal study of parents of preterm (n = 25 couples) and full-born (n = 76 couples) infants 
was conducted. To assess sleep, parents wore wrist actigraphs and filled out sleep diaries for 2 consecutive weeks 
before responding to a digital questionnaire regarding insomnia symptoms and HRQoL. Actigraphy and sleep diary 
data were collected at the infant age of 2 months, while questionnaire data on insomnia and HRQoL were collected 
at the infant ages of 2, 6, and 12 months. Statistical analyses included linear regression and linear mixed models 
for repeated measures.

Results There were no statistically significant differences in total sleep time (actigraphy and sleep diary) 
between the parent groups (preterm and full-born) at 2 months postpartum. Sleep efficiency was significantly higher 
for the full-born group. All mothers reported significantly shorter total sleep time and lower sleep efficiency com-
pared to fathers (all p < 0.01). In the whole sample, insomnia incidence at 2 months postpartum was high (> 43.5%), 
and for mothers, it remained high at 6 and 12 months (> 50%). No significant HRQoL differences were identified 
between the parent groups over time. Fathers in both groups reported significantly higher physical HRQoL levels 
compared to mothers (p = 0.04). There were no significant associations between total sleep time or sleep efficiency 
and HRQoL at 2 months postpartum. Insomnia symptoms were associated with reduced mental and physical HRQoL 
at all measurement points.

Conclusions Sleep efficiency (actigraphy and sleep diary) was significantly higher for the full-born group compared 
to the preterm group. Mothers (both groups) experienced significantly shorter total sleep time and lower sleep effi-
ciency compared to fathers. The incidences of insomnia symptoms were high at 2 months postpartum for the whole 
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sample and remained high at follow-up for mothers. Fathers (both groups) reported higher physical HRQoL compared 
to mothers. Insomnia symptoms had a significantly negative impact on parents’ long-term HRQoL.

Keywords Health-related quality of life, Parents, Postpartum, Sleep, Insomnia, Preterm infant, Full-born infant, Nurse

Background
Sleep is important for the normal function and recov-
ery of all body systems (Carscadon and Dement 2017). 
Sleep affects physical, cognitive, and mental health; the 
immune system; and social functions (Redeker 2011). 
Normal, healthy sleep can be defined by sufficient dura-
tion, quality, appropriate timing and regularity, and 
lack of sleep disturbances and disorders (Medic et  al. 
2017). Deficits in sleep quantity and quality that impact 
the continuity of sleep are often referred to as sleep 
disruption (Medic et  al. 2017). Total sleep time (TST) 
refers to the amount of sleep time (minutes) from sleep 
onset to sleep offset (Shrivastava et  al. 2014). A low 
total sleep time at night may indicate that individuals 
slept insufficiently (Shrivastava et  al. 2014). Sleep effi-
ciency (SE) refers to the percentage of total time in bed, 
actually spent asleep (Shrivastava et al. 2014). To evalu-
ate whether an individual’s sleep is normal or not, SE is 
a valuable indicator, values above 85% are indicative of 
normal sleep (Bjorvatn 2012). SE is often used as a pri-
mary outcome measure in insomnia research (Reed and 
Sacco 2016). Insomnia is a highly prevalent sleep disor-
der among adults (Sivertsen et al. 2021). The diagnostic 
criteria for insomnia diagnosis are defined as ‘difficulty 
initiating or maintaining sleep for at least 3 months, in 
addition to impaired daytime functioning caused by the 
sleep disturbance’ (Bjorvatn et  al. 2018). Sleep disrup-
tion and insomnia has the potential to impact health 
(Banks et  al. 2017) and HRQOL (Luyster 2013) nega-
tively. This longitudinal study focuses on postpartum 
parents’ TST, SE and insomnia.

The ‘postpartum period’ refers to the immediate 
period from childbirth up to 6  months after (Romano 
et  al. 2010). During this period, parents often expe-
rience reduced opportunities for sleep, along with 
increased wakefulness at night, daytime sleepiness, 
fatigue, and reduced neurobehavioral performance 
(Insana et  al. 2014). Maternal sleep is often the most 
affected (Insana et  al. 2013), but parental sleep often 
gradually improves from 10–12  weeks postpartum 
(Dørheim et al. 2009). Between 6 and 12 months post-
partum, many infants develop a more stabilized sleep 
pattern and sleep through the night (Bruni et al. 2014). 
However, some parents develop more significant 
sleep problems than others and are more vulnerable 
to changes following childbirth (Sivertsen and Dor-
heim 2015). Postpartum sleep disturbances have been 

associated with a wide array of negative health conse-
quences, including postpartum depression (Busse et al. 
2013; Vigod et al. 2010).

Although sleep deprived, most parents experience 
the birth of an infant as a happy life event (Lee and Hsu 
2012). In contrast, parents have described a preterm 
birth as a crisis and a traumatic life experience (Lee 
and Hsu 2012). Preterm births are defined as deliveries 
before 37 completed weeks of gestation (World health 
organization.Preterm birth, from 2018). The early birth 
and admission of a preterm infant to the neonatal inten-
sive care unit (NICU) has been associated with consid-
erable stress for caregivers, particularly if infants are in 
the lower birthweight categories and have a higher risk of 
mortality and morbidity (very low birthweight ≥ 1,500 g) 
(Singer et al. 1999). Preterm infants can be hospitalized 
for weeks or even months and discharged from the hos-
pital with complex health needs (McAndrew et al. 2019). 
For parents, the consequences of a preterm birth can be 
far-reaching and influence several life aspects (Moura 
et  al. 2017). Two reviews reported that the sleep qual-
ity and quantity of mothers of preterm infants are poor 
in the first few postpartum months (Haddad et al. 2019; 
Marthinsen et  al. 2018). High levels of perceived stress 
negatively affect these mothers’ sleep outcomes (Busse 
et al. 2013; Lee and Hsu 2012; Haddad et al. 2019). Stress 
can lead to poor sleep and, in turn, increase the risk of 
fatigue, anxiety, and depression, as well as reduce health-
related quality of life (HRQoL), early after childbirth (Lee 
and Hsu 2012; Lee and Kimble 2009). Previous research 
has mainly focused on sleep among mothers of preterm 
infants early in the postpartum period, while there has 
been little focus on fathers’ sleep (Haddad et  al. 2019; 
Marthinsen et al. 2018). There is also a lack of compara-
tive studies to determine whether sleep differs between 
parents of preterm and full-born infants over time (Mar-
thinsen et al. 2018).

Pregnancy and postpartum have been identified as 
vulnerable periods for developing sleep problems such 
as insomnia, particularly for women (Sivertsen and Dor-
heim 2015; Sivertsen et  al. 2017). Previous publications 
have reported that insomnia prevalence for postpartum 
mothers is very high (60%) immediately after childbirth 
and remains high (41%) after 2 years (Sivertsen and Dor-
heim 2015; Sivertsen et al. 2017). Different factors, such 
as genetic, environmental, social, medical, and mental 
conditions (including stressful life events), can contribute 
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to the onset of insomnia (Morin et  al. 2003; Zambotti 
et  al. 2018; Sivertsen et  al. 2014). Although parents of 
preterm infants may be at risk of developing insomnia 
due to the stressful birth event, few studies have exam-
ined the prevalence of insomnia for these parents. In a 
Swedish study, Blomqvist et  al. (Blomqvist et  al. 2017) 
identified a high insomnia prevalence in parents of pre-
term infants early after childbirth, particularly mothers. 
Insomnia has been associated with significant physical 
and mental health impairments, including poor HRQoL, 
in other populations (Baglioni et  al. 2011; Hertenstein 
et al. 2019).

HRQoL is an important outcome and a prominent 
indicator of how various conditions affect individuals’ 
lives (Pagels et  al. 2020). HRQoL is a multidimensional 
concept covering physical, psychological, social, and spir-
itual aspects of life (Post 2014). Previous cohort studies 
have compared the quality of life (QoL) of parents of pre-
term and full-term infants. Some studies have reported 
no differences in QoL (Donohue et  al. 2008; Eiser et  al. 
2005), while others have indicated lower QoL for par-
ents of preterm infants (Witt et  al. 2012; Klassen et  al. 
2004; Hill and Aldag 2007). None of these studies, how-
ever, have included an assessment of sleep or insomnia. 
To our knowledge, no longitudinal study has explored 
sleep and its associations with health and HRQoL over 
time in this vulnerable parent population (Haddad et al. 
2019; Marthinsen et  al. 2018). Previous literature has 
shown that parents of preterm infant’s experience prac-
tical and mental challenges after discharge from hospital 
(Aagaard et al. 2023). Considering that a preterm delivery 
might be a stressful life event (Busse et al. 2013; Lee and 
Hsu 2012; DaF et al. 2017) with the potential to adversely 
affect parental sleep over time, we found it important to 
describe and compare sleep, and examine if these parents 
were more prone to sleep disturbances compared to par-
ents of full- born infants over time. Based on the litera-
ture, our presumptions were that parents of premature 
infants sleep poorly, particularly in the early postpartum 
period, and will be more susceptible to sleep disturbances 
like insomnia compared to parents of full-born infants 
(comparison group) (Haddad et al. 2019; Blomqvist et al. 
2017; McMillen et al. 1993) from birth up to 12 months 
postpartum. We presume that mothers will sleep poorer 
than fathers, regardless of whether the infant is prema-
ture or not (Blomqvist et al. 2017; Lee et al. 2007). Lastly, 
we anticipate that poor sleep can reduce HRQoL in par-
ents postpartum (Lee and Hsu 2012).

This longitudinal study aimed to describe and compare 
sleep, insomnia and HRQoL in mothers and fathers of 
preterm and full-born infants and to assess possible asso-
ciations between sleep, insomnia, and HRQoL from birth 
up to 12 months in the total sample.

Methods
Study design, setting, and population
A comparative longitudinal study was conducted 
between June 2019 and March  2020. Parents were 
recruited as couples into two separate groups: one group 
included parents with preterm infants (born before the 
37th week of pregnancy), recruited from NICUs and 
maternity wards, whereas the other group (comparison 
group) included parents with full-born infants (born 
after the 37th week of pregnancy), recruited from two 
maternity wards.

The inclusion criteria for both parent groups were 
that parents needed to be over 16  years of age, be liv-
ing together, and have a sufficient command of a Nordic 
language (written and oral). Both mother–father parents 
and same-sex parents (referred to as birth-giving and 
non-birth-giving mothers) were included in the study.

Parents were excluded if they had a serious drug addic-
tion (recorded in the patient journal; cf. International 
Classification of Diseases (ICD-10) or Diagnostic and 
Statistical Manual for Mental Disorders [4th ed.]), the 
newborn had serious deformities/or a life-threatening 
condition that could affect survival, the mother had given 
birth to multiple infants, or the mother had a condition/
diagnosis which made participation in the project ethi-
cally challenging (serious, life-affecting health issues). 
Parents with shift work were excluded, as working at 
night impacts sleep. Those with sleep diagnoses (accord-
ing to International Classification of Sleep disorders 
ICSD-3) were also excluded (American Academy of Sleep 
medicine: International Classification of Sleep Disorders- 
Third Edition 2014). See Fig. 1a and b for a flow chart of 
the participants.

Parents with preterm infants were recruited from four 
different NICUs and one maternity ward in southeast-
ern Norway. Three of the NICUs were at Level 3c, while 
one was at Level 3b. In Norway, Level 3c units have the 
highest medical competence to treat extremely preterm 
infants, starting from gestational age (GA) 23. Level 3b 
units have the second-highest competence and treat 
preterm infants from GA 26 (Helsedirektoratet.Nyfød-
tavdelinger, kompetanse og kvalitet, from 2017). Parents 
with full-born infants were recruited from two maternity 
wards in the same geographic area (southeastern Nor-
way) which treated healthy mothers with uncomplicated 
births.

Sample size
The study sample size was estimated using data from two 
previous studies reporting on differences in total sleep 
time (TST) for mothers of preterm (Lee and Hsu 2012) 
and full-born infants (Montgomery-Downs et  al. 2010). 
Previous research has shown that mothers of preterm 
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infants sleep, on average, for 6.3  (SD 2) hours per night 
(Lee and Hsu 2012), compared to 7.0 (SD 1) hours for 
a group of mothers of full-born infants (Montgomery-
Downs et  al. 2010). Thus, we assumed a one-hour dif-
ference in the TST between the groups. To account for 
multiple testing, we estimated that it would be sufficient 
to include ≥ 75 couples with a preterm infant and ≥ 75 
couples with a full-born infant.

Recruitment
A collaborating nurse within each hospital ward was 
responsible for the recruitment of parents of preterm 
and parents of full-born (comparison group) infants. 
The nurses identified eligible parent couples and 
received informed consent from parents who wanted to 
participate.

The original plan was to recruit the targeted number 
of parent couples to the preterm and full-born groups 
between June and December 2019. For the preterm 
group, the recruitment period was more extensive due to 
a low recruitment rate. The total recruitment period for 
the preterm group was 33 weeks, until March 2020 when 
coronavirus disease 2019 (COVID-19) restrictions ended 
all recruitment efforts. By then, only 25 parent couples 
had been recruited to the preterm group.

For the full-born group, 78 parent couples were 
recruited within 15 weeks from the two maternity wards. 
Two couples withdrew their consent before the baseline 

measurement. Therefore, a total of 76 parent couples par-
ticipated in the full-born group.

Data collection
This sub-study was part of a prospective, comparative, 
longitudinal study that compared sleep, psychosocial 
variables and HRQoL between parents of premature and 
full-born infants over time during the postpartum period. 
Descriptive data for some of the longitudinal outcomes 
are published tabularly in a feasibility study (Marthinsen 
et  al. 2022). A tabular overview of the sample (parents 
and infants), descriptive overview over results for subjec-
tive and objective sleep (baseline), and descriptive results 
for psychosocial variables (depression, fatigue, stress, 
insomnia, social support, self- efficacy and HRQoL) at 
2,6 and 12 months can be viewed in the feasibility study 
(Marthinsen et al. 2022).

All parent couples were included before 5 weeks post-
partum so that actigraphs and sleep diaries could be sent 
to parents’ home addresses before the first data collec-
tion. Subjective and objective sleep data were collected 
around the infant age of 2  months (6–8  weeks postpar-
tum). Participants received a postal mail with two prepro-
grammed actigraphs – Respironics Actiwatch 2 (Philips 
Healthcare, Philips.com; https:// www. phili ps. no/ healt 
hcare) – and two preplotted (dates only) sleep diaries 
to be completed over the same period as the actigraphs. 
After 2 weeks of sleep recordings, parents responded to 
a digital questionnaire regarding insomnia and HRQoL. 

Fig. 1 Flow chart of participants

https://www.philips.no/healthcare
https://www.philips.no/healthcare
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The actigraphs and sleep diaries were returned to the 
first author in a prepaid envelope. The data collection 
occurred before and during the first wave of the COVID-
19 pandemic. The pandemic introduced great uncer-
tainties regarding how the virus was spread; and it was 
decided to not distribute actigraphs and sleep diaries to 
parents after March 2020. Sleep data from actigraphs and 
sleep diaries were therefore collected at 2 months only.

Parents responded to a digital questionnaire assess-
ing insomnia and HRQoL at three measurement points 
(2, 6, and 12 months). The questionnaire included items 
on parental sociodemographic variables such as age, 
educational level, income, employment status, ethnic-
ity, weight, height, and parity. The questionnaire also 
included items on the infants’ data, including GA at 
birth, birthweight, and infant length. All sociodemo-
graphic variables have been associated with sleep in pre-
vious research (Haddad et al. 2019).

Measures
Subjective sleep (sleep diary)
Subjective sleep data was collected using sleep diaries. At 
baseline, both parents independently completed a sleep 
diary for 2 weeks. A sleep diary similar to Carney et al.’s 
(Carney et al. 2012) recommendation was used. The diary 
consisted of the parents’ estimates of own daytime and 
nighttime sleep patterns, including perceived sleep qual-
ity. The following measures were reported in the sleep 
diary: number of daytime naps, daytime nap duration, 
daytime function (1, very good; 5, very poor), sleep onset 
latency (SOL – the number of minutes to fall asleep), 
wake after sleep onset (WASO – the number of minutes 
awake between sleep onset and sleep offset), number of 
nighttime awakenings, early morning awakening, total 
wake time (SOL + WASO + early morning awakening), 
TST (number of minutes asleep in bed after ‘lights off’, 
considered nighttime sleep), time in bed (TIB = the dura-
tion spent in bed), sleep efficiency (SE = % TST as a per-
centage of TIB), and sleep quality rating (1, very restless; 
5, very poor) (Fekedulegn et al. 2020; Fung et al. 2013).

Objective sleep (wrist actigraphy)
Objective sleep-wake data was assessed at baseline 
using wrist actigraphs – Actiwatch 2 (Philips Health-
care, Philips.com; https:// www. phili ps. no/ healt hcare). 
Actigraphs are noninvasive motion sensors used to assess 
sleep–wake patterns in adults (Martin and Hakim 2011; 
Marino et  al. 2013). Actigraphy has been tested and 
found reliable compared to polysomnography, especially 
for TST estimates (Weiss et  al. 2010). The sensitivity of 
the Actiwatch was set to medium. Data was collected in 
30-s epochs (activity counts) and transferred to a com-
puter for analysis. Parents were asked to press an event 

marker to indicate when they went to bed to sleep for the 
night and when they got out of bed in the morning. Par-
ents wore the Actiwatch on their nondominant wrist. The 
following measures were derived from the actigraphs: 
SOL, TIB, SE, WASO, total wake time, and TST.

Insomnia
The Bergen Insomnia Scale (BIS) was used to assess 
insomnia symptoms at all three  measurement points 
(2, 6, and 12 months) (Pallesen et al. 2008). The BIS was 
originally developed to correspond with the diagnostic 
criteria for insomnia presented in the Diagnostic and 
Statistical Manual for Mental Disorders (4th ed., Text 
Revision) (American Psychiatric Association 2000). Each 
BIS item is scored along a scale from 0 to 7, indicating 
the number of days per week for which a specific insom-
nia symptom was experienced (0–7 days). The first four 
items measure sleep impairment, assessing sleep onset 
(sleep latency > 30 min), WASO (> 30 min), early morning 
awakening (> 30 min), and nonrestorative sleep, and the 
last two items measure daytime impairment and dissatis-
faction with sleep (Pallesen et al. 2008). The BIS provides 
a total score and may be used as a dichotomous score 
for the presence or absence of chronic insomnia (Sivert-
sen and Dorheim 2015). Chronic insomnia disorder was 
defined as scoring 3  days per week or more on at least 
one of the first three items, as well as 3 days per week or 
more on at least one of the latter two items (Pallesen et al. 
2008). The BIS originally defined insomnia as symptoms 
experienced during the past month but was modified to 
a wider time frame of the last 3 months in the updated 
Diagnostic and Statistical Manual for Mental Disorders 
(5th ed.)/International Classification of Sleep Disorders-3 
diagnostic criteria (American Psychiatric Association 
2013). The BIS has acceptable test–retest reliability and 
good validity in relation to other self-report measures 
and polysomnography (Pallesen et al. 2008).

HRQoL
HRQoL was assessed using the RAND Medical Outcomes 
Study 36-Item Short Form Survey (RAND-36) (Hays and 
Morales 2001). The RAND-36 is a self-reported generic 
HRQoL questionnaire that includes eight domains: gen-
eral health, bodily pain, physical function, role limita-
tion (physical), mental health, vitality, social function, 
and role limitations (emotional). The domains can be 
combined into physical and mental scales reflecting 
both physical (physical component summary [PCS]) and 
mental (mental component summary [MCS]) well-being 
(Hays and Morales 2001; Ware and Sherbourne 1992). 
The RAND-36 is scored using values from 0 to 100, with 
100 representing optimal health (Kvien et al. 1998). The 
Norwegian version of the RAND-36 has been reported 

https://www.philips.no/healthcare
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as a valid and reliable instrument for assessing HRQoL 
(Garratt and Stavem 2017).

Attrition
Attrition refers to the failure of participants to com-
plete their measurements after being enrolled in a study 
(DeMauro et  al. 2019). Not all participants responded 
to the questionnaire. Consequently, the number of par-
ticipants at a given assessment point did not always 
correspond to the number of returned questionnaires. 
Therefore, we decided to compute attrition based on the 
number of participants (mothers and fathers) and not 
couples. Attrition rates were calculated as participants 
(mothers or fathers) who completed the questionnaire at 
6 and 12 months divided by the number of participants 
(mothers and fathers) at baseline, 2 months (Fig. 1a and 
b).

Statistical analysis
IBM SPSS Statistics version 26 (IBM Corp., Armonk, 
NY, USA) was used for the statistical analyses. Descrip-
tive statistics were used to describe the study sample. 
Categorical data are presented as frequencies and per-
centages, and continuous data are presented as median, 
minimum, and maximum values.

The mean values of sleep obtained from 7 days of actig-
raphy and sleep diary data were analysed. To analyse 
objective sleep (actigraphy), activity counts and light off/
on were used to determine sleep (rest) and wake inter-
vals in actograms (Marino et al. 2013; Ancoli-Israel et al. 
2015; Chow et al. 2016). We used sleep diaries to control 
sleep onset and sleep offset time, and control artefacts 
and uncertainties in actigraphy data (Mazza et al. 2020). 
In the case of missing data, the 7 days with the least com-
bined missing data from both measures (actigraphy and 
sleep diary) were used. Daytime nap time was not col-
lected from actigraphs since many participants had for-
gotten to use the Actiwatch’s button to register daytime 
sleep. Therefore, daytime sleep was registered in sleep 
diaries only.

In the regression analysis, sleep length -TST, sleep qual-
ity/continuity- SE, and insomnia were the selected sleep 
variables to be examined. To assess possible differences 
in TST and SE between the parent groups (preterm com-
pared to full-born) and genders (mothers compared to 
fathers) we fitted four linear regression models with TST 
and SE as the dependent variables and parent (mother 
or father) and group (preterm or full-born) as the inde-
pendent variables. To investigate if there was an interac-
tion between the group and parent variables, in addition 
to the additive effect (e.g. if being a mother of a preterm 
infant presented an additional burden), we fitted an inter-
action term (group * parent). This interaction was not 

significant for any of the models, so we further adopted 
models fitted with group and parent variables only.

To assess whether there was a difference in TST and 
SE between parents of preterm and full-born infants, 
we fitted four different regression models assessing four 
dependent variables: the sleep diary variables were a) 
TST and b) SE, while the actigraphy variables were c) 
TST and d) SE. The independent (indicator) variables 
were.

• Group (preterm or full-born)
• Parent (mother or father)
• Interaction (parent and group)

Longitudinal data analyses were performed using lin-
ear mixed models for repeated measures to include mul-
tiple repeated measurements of each patient’s outcome 
over time. Possible associations between sleep (TST, SE), 
insomnia, and HRQoL were assessed with multiple linear 
regression.

To ease interpretation of the linear regression results, 
we also computed effect sizes (ESs) (Sawilowsky 2009). 
The ES is interpreted as follows: d < 0.1, very small effect; 
d < 0.2, small effect; d < 0.5, moderate effect; and d < 0.8, 
large effect (Sawilowsky 2009).

Results
Attrition and missing data
The longitudinal sample included 25 parent couples with 
preterm infants and 76 couples with full-born infants. At 
6  months, 21 (preterm) and 61 (full-born) couples par-
ticipated in the study. At 12 months, 17 (preterm) and 60 
(full-born) couples participated in the final measurement 
(Fig. 1a and b).

For the preterm group, 25 couples (25 mothers and 25 
fathers) were recruited for the study. Nine mothers and 6 
fathers responded to the questionnaire at 6 months, pro-
ducing attrition rates of 64% (mothers) and 76% (fathers). 
At 12 months, 10 mothers and 8 fathers responded, pro-
ducing attrition rates of 60% (mothers) and 68% (fathers; 
Fig. 1a).

For the full-born group, 76 parent couples (76 moth-
ers, 73 fathers, and 3 non-birth-giving mothers) were 
recruited for the study. Thirty-nine mothers and 31 
fathers responded to the questionnaire at 6 months, pro-
ducing attrition rates of 49% and 59%, respectively. At 
12 months, 30 mothers and 31 fathers responded; attri-
tion rates were 61% and 59%, respectively (Fig. 1b).

Characteristics of the sample
The median maternal age was 30.5 years (preterm group) 
and 31.5  years (full-born group) (Table  1). For fathers, 
the median age was 32.0  years (preterm) and 33.0  years 
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(full-born). The parent groups were quite similar accord-
ing to age, body mass index, education, and income level. 
Most participants were first-time parents (primiparas) 
and had Norwegian ethnicity and an income level ≥ NOK 
500,000 (about €50,000) per year (Marthinsen et al. 2022). 
As many as 15 (60%) of the infants in the preterm group 
were in the ‘moderate/late’ category, with GA between 32 
and 36 weeks. Only 2 (8%) were in the extremely preterm 
(GA < 28) and very preterm (GA 28–31) categories (Mar-
thinsen et al. 2022).

Subjective and objective sleep in the parent sample
There was a general tendency towards mothers (preterm 
and full-born) reporting lower SE (sleep diary) compared 
to fathers (Table  1). Fathers’ SE was above the cutoff for 
normal values, which is considered ≥ 85% (Desjardins 
et  al. 2019). Mothers (preterm group) reported the high-
est WASO and seemed to compensate for this by sleeping 
during daytime (Marthinsen et al. 2022). Mothers with pre-
term infants reported the highest daytime sleep length at 
baseline, with median nap duration on 24  min per week. 
Parents’ daytime function and self-rated sleep quality were 
quite similar and comparable for all responders (Marthin-
sen et al. 2022).

Group differences in subjective and objective sleep 
at 2 months postpartum

Total sleep time (TST) Regarding TST (baseline), there 
were no statistically significant differences between the 
parent groups for either the sleep diary or actigraphy 
(data not shown).

Sleep efficiency (SE) For SE, there were statistically sig-
nificant differences between the parent groups. Parents 
in the full-born group reported higher SE values com-
pared to those in the preterm group when assessed with 
actigraphy (B = 2.20, 95% CI [0.28 to 4.13], p < 0.025) and 
the sleep diary (B = 3.68, 95% CI [0.67 to 6.69], p = 0.017).

Gender differences in subjective and objective sleep 
at 2 months postpartum

Total sleep time (TST) Comparing TST differences regard-
ing gender, mothers (preterm and full-born) reported, on 
average, 40  min shorter TST compared to fathers in their 
sleep diaries (B = 39.15; 95% CI [22.62 to 55.67], p < 0.001). 
No similar differences were assessed by actigraphy.

Table 1 Characteristics of the study participants and sleep at baseline

a First-time parents (primiparas)
b Including non-birth-giving mothers

Group A. Parents of preterm infants Group B. Parents of full-born infants

Mothers, n = 25 (100%) Fathers, n = 25 (100%) Mothers, n = 76 (100%) Fathersb, n = 76 (100%)

Median (min–max) Median (min–max) Median (min–max) Median (min–max)
Age 30.5 (27.0–36.0) 32.0 (27.0–36.0) 31.5 (22.0–42.0) 33.0 (25.0–44.0)

Body mass index (kg/m2) 25.1 (19.9–39.8) 25.3.0 (19.6–34.4) 24.4 (19.6–38.6) 26.6 (20.7–35.9)

n (%) n (%) n (%) n (%)
Parity
  0a 12 (75.0) 11 (78.6) 38 (65.5) 29 (63.0)

 1 4 (25.0) 3 (21.4) 14 (24.1) 10 (21.7)

 2 5 (8.6) 6 (13.0)

 3 1 (1.7) 1 (2.2)

Sleep measures Median (min–max) Median (min–max)
Sleep diary
 Total sleep time (min) 415.1 (301.3–516.4) 411.9 (309.3–507.1) 427.0 (302.9–582.9) 425.7 (274.4–567.0)

 Sleep efficiency (%) 72.6 (52.3–91.2) 85.2 (73.9–93.8) 78.1 (59.6–93.4) 90.6 (71.8–99.6)

Actigraph
 Total sleep time (min) 421.0 (343.4–500.8) 387.4 (292.1–500.9) 433.0 (328.0–561.8) 397.7 (315.1–468.9)

 Sleep efficiency (%) 78.3 (65.8–87.9) 85.8 (64.7–91.0) 81.5 (66.7–90.1) 85.3 (77.1–91.2)
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Sleep efficiency (SE) When genders were compared 
for SE differences, mothers (preterm and full-born) 
reported significantly lower SE levels (4% lower) com-
pared to fathers on actigraphy (B = 4.26, 95% CI [2.58 to 
5.94], p < 0.001). When SE was assessed with the sleep 
diary, mothers (preterm and full-born) reported, on aver-
age, about 12% lower SE compared to fathers (B = 11.93, 
95% CI [9.29 to 14.58], p < 0.01). Gender differences were 
more pronounced when SE was assessed with a sleep 
diary than when using actigraphy data.

Insomnia
The prevalence of insomnia symptoms was high for both 
parents in both groups at baseline (Table 2), but parents 
in the preterm group demonstrated higher baseline inci-
dences: 62.5% CI [35.4 to 84.8] for mothers and 71.4% 
CI [41.9 to 91.6] for fathers. The incidences for the full-
born group were 53.4% CI [39.9 to 66.6] for mothers and 
43.5% CI [28.9 to 58.9] for fathers. Over time, the insom-
nia incidence remained high (> 50%) for mothers (pre-
term and full-born) at both 6 and 12 months postpartum. 
However, the tendency between the parent groups was 
reversed, as parents in the full-born group reported a 
higher incidence of insomnia. There was also a tendency 
towards mothers (preterm and full-born) reporting a 
higher incidence of insomnia compared to fathers at the 
6- and 12-month measurements.

Health related quality of life (HRQoL)
HRQoL was assessed at 2, 6, and 12 months postpartum 
(Table 2). Considering the entire follow-up, there was no 
statistically significant differences between parents of 
preterm and full-born infants regarding PCS (B = 1.42; 
95% CI [-1.11 to 3.94], p = 0.273) or MCS (B = -0.10, 95% 
CI [-3.83 to 3.6], p = 0.962).

However, fathers (preterm and full-born) reported 
significantly higher PCS levels compared to mothers 
(preterm and full-born; B = 2.24; 95% CI [0.11 to 4.37], 
p = 0.04). The difference between mothers and fathers 
was present at baseline and did not change over time. 
Further, the PCS levels remained unchanged over the 
entire observation period. For the MCS, our data did 
not reveal any differences between mothers and fathers 
(B = 0.76; 95% CI [-2.41 to 3.93], p = 0.640). Notably, MCS 
levels remained unchanged from baseline (2 months) to 
6 months but decreased significantly for both groups at 
12 months (B = -2.16; 95% CI [-4.31 to -0.02], p = 0.048).

Associations between sleep, insomnia, and HRQoL
Associations between parents’ TST, SE, and insomnia and 
their HRQoL were analysed using multiple linear regres-
sion. For SE and TST (sleep diary and actigraphy), there 

were no significant associations between the sleep vari-
ables at baseline and the PCS or MCS (Supplementary 
tables  1–4). Using mixed models for repeated measures 
adjusted for gender, insomnia was strongly associated 
with lower HRQoL (Table  3). The effect was more pro-
nounced for the MCS (B = -6.93 95% CI [-10.31 to -3.55] 
p < 0.001) compared to the PCS (B = -3.64 95% CI [-6.04 
to -1.25], p = 0.003). For mental well-being (MCS), the 
reduction for those with insomnia was twice as large as 
that estimated for physical well-being (PCS). However, 
due to high data variations, the ESs were small (0.24 for 
the mental component and 0.18 for the physical compo-
nent). Time, gender, and group did not affect the highly 
significant association between insomnia and HRQoL at 
any measurement point. Table  3 lists the changes over 
time in the PCS and MCS.

Discussion
To the best of our knowledge, this is the first study 
to examine parental sleep, insomnia symptoms, and 
HRQoL in mothers and fathers of preterm and full-born 
infants over time during the first postpartum year. Our 
key findings were that SE was lower for parents in the 
preterm group compared to those in the full-born group 
at 2  months postpartum. Moreover, our data revealed 
significant differences in sleep between the genders in the 
total sample. Mothers (preterm and full-born) reported 
significantly shorter TST and lower SE than fathers. Gen-
der differences were most pronounced when sleep was 
assessed using subjective sleep diaries.

Additionally, we identified a very high prevalence of 
insomnia symptoms in both parent groups at 2  months 
postpartum. Although the prevalence decreased, the 
insomnia incidence remained stable and high for moth-
ers (preterm and full-born) at the 6- and 12-month 
measurements. We also identified a statistically highly 
significant association between insomnia symptoms (at 
2  months postpartum) and parents’ mental and physi-
cal well-being. The association was most pronounced for 
mental well-being.

In line with our presumptions, our results confirmed 
that parents of preterm infants are significantly more 
susceptible to experiencing poor sleep, with lower SE, 
than parents of full-born infants. The explanation for 
these results might be that parents of preterm infants’ 
transition to parenthood is far more stressful, with a 
higher risk of infant hospitalization and concerns for 
the infant’s medical condition and long-term health out-
comes (Schappin et al. 2013). Stress has been highlighted 
as a major factor causing sleep problems for these par-
ents (Lee and Hsu 2012; Haddad et al. 2019; Costa et al. 
2021). Parents have described the NICU environment as 
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unfamiliar and frightening (Heidari et al. 2013). They are 
often constantly present (Edell-Gustafsson et  al. 2015; 
Lee et al. 2013) and underprioritize their own sleep (DaF 
et al. 2017; García et al. 2020). The NICU environment is 
primarily dedicated for the provision of advanced medi-
cal care and not for parental sleep (Edell-Gustafsson et al. 
2015; Stremler et al. 2014). High levels of parental stress, 
together with concerns for the infant, and hospitalization 
in the NICU (Edell-Gustafsson et al. 2015; Lee et al. 2013) 
might explain the sleep differences in our parent samples.

We also hypothesized there could be gender differ-
ences in sleep between mothers and fathers. Our base-
line results confirmed this hypothesis: the mothers in our 
sample (preterm and full-born) experienced shorter TST 
and lower SE compared to fathers. The literature sup-
ports our results (Montgomery-Downs et al. 2013; Rich-
ter et  al. 2019; Kenny et  al. 2020). Postpartum mothers 
often struggle to achieve restorative sleep during the first 
postpartum months (Montgomery-Downs et  al. 2013). 
Despite maternal sleep pattern changes being a ‘normal 

phenomenon’ (McGuire 2013), it is important to note 
that some mothers develop more serious sleep problems 
of a more chronic nature (Polo-Kantola 2022). Mothers 
with significant sleep problems may have a higher risk 
of developing mental health issues – such as postpar-
tum depression (Dørheim et  al. 2009), which has been 
associated with negative outcomes for the whole family 
(Letourneau et al. 2012).

Our results indicated that gender differences regard-
ing sleep were most pronounced when sleep was assessed 
using subjective sleep diaries. This is in line with previous 
research, which has reported discrepancies between sub-
jective and objective sleep measurements (Trimmel et al. 
2021; Rezaie et  al. 2018). Subjective and objective sleep 
measurements are often used in combination to provide 
more in-depth sleep assessments (Ibáñez et  al. 2018; 
Natale et  al. 2009). Although subjective and objective 
sleep measurements (such as sleep diary and actigraphy, 
respectively) have different strengths and limitations, 
both measurements have been found reliable to give a 
valid indication of TST and SE.

Our results particularly raise concerns for mothers 
giving birth to preterm infants. These mothers reported 
the lowest SE among all participants. This is in line with 
previous studies that have raised concerns about these 
mothers’ sleep and mental health outcomes in the early 
postpartum period (Lee and Hsu 2012; Lee and Kimble 
2009; Lee et al. 2012; Schaffer 2012; Shelton et al. 2014). 
Mothers of preterm infants have a higher risk of postpar-
tum depression compared to those of full-born infants 
(Lefkowitz et  al. 2010; Beck 2003). Sleep disturbances 
and stress are often closely linked (Lee and Hsu 2012). 
The high levels of maternal stress described in the lit-
erature (Lee and Hsu 2012; Haddad et al. 2019; Lee and 
Kimble 2009; DaF et  al. 2017) may partly explain these 
mothers’ poor sleep outcomes, but further research is 
required. Efforts to reduce stress may be one way to sup-
port sleep for future mothers with preterm infants (Lee 
and Hsu 2012).

There was an overall pattern indicating a high preva-
lence of insomnia symptoms for both parent groups 
at 2  months postpartum. For mothers, the prevalence 
remained high at 6 and 12  months postpartum. Our 
results are in line with the literature confirming that 
postpartum mothers generally have a high prevalence of 
insomnia, which could be chronic (Sivertsen and Dor-
heim 2015; Sivertsen et  al. 2017; Paavonen et  al. 2017). 
The high prevalence of maternal insomnia symptoms 
is of concern since insomnia is associated with mental 
health issues (Emamian et  al. 2019; Harvey et  al. 2011; 
Ross et al. 2005; Cox and Olatunji 2020).

For parental HRQoL, we did not identify any dif-
ferences between the groups or genders, which was 

Table 3 Changes over time in physical (PCS) and mental (MCS) 
HRQoL analysed with linear mixed model for repeated measures

Abbreviations:CI Confidence interval, B Regression coefficient, HRQoL Health- 
related quality of life
*  P ≤ 0.05

PCS- Physical HRQOL
B 95%CI p-value

Time
 2 months postpartum (Baseline) 
(ref )

 6 months postpartum 1.21 [-0.14 to 2.57] 0.08

 12 months postpartum 0.60 [-0.80 to 1.10] 0.40

Gender
 Mother (ref )

 Father 1.70 [-0.39 to 3.80] 0.11

Insomni yes/no
 No (ref )

 Yes -3.64 [-6.04 to -1.25] 0.03*

MCS- Mental HRQOL
B 95%CI p-value

Time
 2 months postpartum (Baseline) 
(ref )

 6 months postpartum - 0.43 [-2.52 to 1.65] 0.68

 12 months postpartum - 2.04 [-4.20 to 0.11] 0.06

Gender
 Mother (ref )

 Father - 0.17 [-3.12 to 2.78] 0.90

Insomni yes/no
 No (ref )

 Yes - 6.93 [-10.31 to -3.55] 0.00*
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surprising. We hypothesized that for parents with pre-
term infants, poor sleep could have a negative impact 
on parents’ HRQoL, as described in the literature 
(Luyster 2013). We did not find any significant associa-
tions between the baseline variables for TST or SE and 
parental HRQoL. However, there was a highly significant 
association between insomnia symptoms and reduced 
parental HRQoL over time, particularly for the subscale 
mental well-being. This is of concern since the prevalence 
of insomnia symptoms was high in our sample.

Insomnia is a rising public health problem with both 
individual and economic consequences (Sivertsen et  al. 
2014; Sivertsen et al. 2011; Daley et al. 2009). Our results 
indicate the need for insomnia prevention and treatment 
in postpartum parents, with a particular focus on moth-
ers. The use of screening tools to evaluate sleep, insom-
nia symptoms, and depression should be implemented 
as standard care to identify vulnerable parents (Baglioni 
et al. 2022). Different interventions should also be tested 
to treat insomnia among new parents. Nonpharmaco-
logical treatments, such as cognitive behavioural therapy, 
have been tested to be effective (Tang 2009).

We suggest a stronger focus on sleep promotion, with 
guidance from early in the postpartum period. Evalua-
tions of sleep disturbances and depression, with advice 
for sleep optimization, should be included as standard 
postpartum care for all parents within neonatal caregiv-
ing (Stremler et  al. 2017). Nurses/midwives in hospital 
wards are in a unique position to provide guidance and 
recommendations to new parents so they can maintain a 
consistent sleep pattern (Redeker 2002). Such guidance 
could be implemented as standard information for par-
ents (Schaffer et  al. 2013). More studies on factors that 
affect postpartum parents’ sleep are needed so that sleep-
promoting efforts can be developed.

Strengths and limitations
This is, to our knowledge, the first comparative longitudi-
nal study to evaluate sleep, insomnia, and HRQoL in par-
ents of preterm and full-born (comparison group) infants 
over time. The strengths of this study are the longitudinal 
study design, with collection of sleep and HRQoL data 
for both mothers and fathers in both groups over time.

The recruitment of parents of preterm infants repre-
sented a challenge in this study. We aimed to recruit a 
homogenous sample, which was reflected in rather strict 
inclusion criteria. The volume of twins/multiple infants 
(48.2%) and non-Nordic speaking individuals (20%) was 
surprisingly high for parents of preterm infants, and the 
inclusion criteria contributed to many exclusions (Fig. 1a 
and b). Around two-thirds of the preterm infant group 
refused to participate, compared to one-third of the full-
born group (Fig.  1a and b). Due to the low number of 

participants, the statistical power was limited, and many 
of our estimates had low precision (increased risk of type 
2 error). Retainment of parents over time was another 
challenge. The failure of parents to complete their par-
ticipation at 6 and 12  months was high for both parent 
groups. This reduced the power for statistical analyses in 
this longitudinal study, compared to what was originally 
planned.

Other strengths of this study are the long-term sleep 
and HRQoL assessment, as well as the subjective and 
objective sleep measurements. The measurements give 
a broad picture of sleep pattern and relevant sleep vari-
ables, as high night-to-night variability is common for 
individuals suffering from insomnia (Perlis et  al. 2014) 
and postpartum parents in general (Montgomery-Downs 
et al. 2013; Insana and Montgomery-Downs 2013). It was 
unforeseen that COVID-19 restrictions would interfere 
with recruitment and the long-term use of sleep meas-
ures; thus, we only could present actigraphy and sleep 
diary data at baseline.

For self- report measures, recall bias has been 
described as a problem (Ibáñez et  al. 2018). Recall bias 
might have been present in this study; however, it might 
have been reduced since the sleep diary was filled out 
every morning and was not so dependent on memory. 
For BIS, the issue of recall bias might potentially have 
been more pronounced since this questionnaire assesses 
sleep as far back as 3 months.

We defined usable data for the actigraphs and sleep 
diaries as ≥ 1 day with ≥ 24 h of daily wear time; data that 
did not fulfil these criteria had to be discarded. This rep-
resents a limitation for our results since studies suggest 
that actigraphs should be used for at least 5–7 nights to 
accurately measure TST and SE (Aili et al. 2017).

Overall, the difficult recruitment of parents with pre-
term infants, high attrition rates, and the COVID-19 out-
break hampered recruitment and data collection in this 
longitudinal study. However, the statistically significant 
association between insomnia symptoms and HRQoL 
was highly noteworthy, and we considered it clinically 
relevant.

Conclusions
This study introduces knowledge about sleep and 
HRQoL in parents of newborn babies. Insomnia was 
identified as a frequently occurring sleep disorder 
among the studied parents. The prevalence was high 
in both groups 2  months postpartum and remained 
high at 6 and 12  months postpartum for the mothers. 
An important finding was that insomnia was the only 
sleep variable that had a significant negative impact on 
parents’ HRQoL. Mental HRQoL was particularly nega-
tively affected.
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Another important result was that parents of preterm 
children had poorer sleep quality at 2 months postpar-
tum, assessed with subjective and objective measures, 
compared to parents of full-born infants. Mothers in 
both groups had significantly lower SE and shorter TST 
compared to the fathers for the same period. When 
HRQoL was compared between parent groups, no sta-
tistically significant differences were identified. Fathers 
in both groups had higher physical HRQoL compared 
to the mothers at all assessment points.

This study is relevant for health professionals working 
with new parents. Our results indicate that postpartum 
parents have impaired sleep after childbirth, and this 
requires increased attention from health profession-
als. Sleep promotion can be important steps to promote 
good HRQoL for parents. We suggest a stronger focus 
on sleep support and the prevention of sleep disor-
ders, especially for new mothers. A particular concern 
should be paid to developing sleep support for vulnera-
ble groups, such as mothers of preterm infants. Within 
clinical caregiving, sleep screening should be intro-
duced as a standard routine so that parents with sleep 
problems can be identified and receive sleep-promoting 
help. Insomnia prevention is important to promote 
HRQoL among future postpartum parents.
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