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ABSTRACT 

ii 

The Sleep HAPi pilot study found recruiting and retaining previously depressed women into a 

longitudinal perinatal sleep education study achievable and the study design highly acceptable 

to participants.  Similar to the results of the scoped review, self-reported sleep duration, quality, 

timing, continuity and daytime sleepiness remained stable throughout pregnancy, and at 

intervention end none of the women in this study were experiencing clinically elevated 

depressive symptoms.  Sleep HAPi women were compared to a control group from a previous 

study with no sleep education component; Sleep HAPi mothers had significantly better sleep 

initiation and experienced fewer depressive symptoms at intervention completion, though 

results require confirmation in a larger randomised control group study.  

Collectively, the findings from these studies highlight the strong relationship between sleep and 

maternal mental health.  Sleep education interventions, such as Sleep HAPi, show promise for 

minimising depressive symptoms, and optimising sleep for pregnant women.  These findings 

have important health care practice and policy implications and the potential to improve 

outcomes for mothers, children, families and society. 
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1 INTRODUCTION 

 

What a blessing man acknowledges in sleep, whose soft oblivion makes an 

island of every day, and breaks the hold of continuous care; that cools the hot 

brain, and bathes the weary eye-lids, and lets the buffeted and foundering 

heart cast anchor every night in some harbour of happy dreams. He feels the 

beneficence of that law which makes even misery halt, and besieging fortune 

strike its tents, and in the great democracy of nature levels the children of 

men in common helplessness and common need. 

Edwin Hubbell CHAPIN, Living Words, 1869 
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Chapters 3 to 6 present the findings of the three studies that comprise this program of research.  

Study 1 is a scoped review exploring what normal sleep looks like for a healthy pregnant woman 

(Chapter 3).  Study 2 is a trajectory analysis of maternal depressive symptoms from late 

pregnancy to three years post birth, and examination of the dimensions of sleep that are related 

to those trajectories (Chapter 4); and Study 3 explores the development and implementation of 

a sleep education intervention beginning in the first trimester and aiming to minimise 

depression symptoms throughout pregnancy, with assessment of its feasibility and acceptability 

(Chapter 5) and efficacy (Chapter 6).  Because the journal manuscripts presented in chapters 5 

and 6 involve the same study, there are some overlap in the introduction and methodology 

sections.   

Finally, Chapter 7 integrates the findings from these chapters and concludes with a discussion 

of their implications, both in relation to clinical practice and future research. 
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Over the course of a normal nocturnal sleep period, humans progress through four to six sleep 

cycles of NREM and REM sleep, with longer periods of slow-wave, NREM3 sleep earlier in the 

night and longer periods of REM in the later part of the night (figure 1.2).  In a healthy young 

adult NREM sleep (NREM1, NREM2 & NREM3) totals about 75-80% of a sleep period, while the 

REM component comprises the remaining 20-25%.  Awakenings during the night are a normal 

aspect of sleep architecture. 

 

 

 

Figure 1.2  Sleep cycles throughout the sleep period in a young healthy adult.  (Tan, van 
Egmond, Partinen, Lange, & Benedict, 2019)  
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2005), and REM rebound following selective REM deprivation also a common phenomenon 

(Datta, Mavanji, Ulloor, & Patterson, 2004; Shea et al., 2008). 

The interaction of the circadian effects on sleep and homeostatic sleep pressure is described by 

the two process model of sleep regulation (Borbély, 1982).  For healthy individuals, the two 

processes interact during the day to produce stable levels of wakefulness, and during the night 

to provide a consolidated period of sleep.  The homeostatic sleep pressure is considerable early 

in the night.  During the second half of the night, the sleep drive begins to weaken but the 

circadian system sends signals to support sleep.  At the end of the night the sleep drive is sated, 

wake signals from the circadian system emerge, and together they prompt the emergence from 

sleep to wake.  Figure 1.3 illustrates the two-process model highlighting how the two systems 

interact.  

 

Figure 1.3 Two process model of sleep.  The solid line illustrates the homeostatic 
pressure to sleep, which is low upon waking and gradually increases during 
the day.  The dotted line, the rhythmical sleep alerting signals from the 
circadian system, demonstrates how the circadian signals maintain sleep 
even when homeostatic drive is low (Beersma & Gordijn, 2007). 
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In recent years, research has consistently indicated that habitual short sleep among adults is an 

independent predictor of poor mood, negative motor and cognitive performance, obesity, 

cardiovascular disease, diabetes, hypertension, respiratory diseases, learning difficulties, 

increased mortality risk and an increased risk of accidents (Cappuccio, D'Elia, Strazzullo, & Miller, 

2010; Ferrara & De Gennaro, 2001; Gangwisch et al., 2006; Krueger & Friedman, 2009; Magee, 

Caputi, & Iverson, 2011; Stranges et al., 2008).  Habitual long sleep is also associated with many 

of the same negative health outcomes (Cappuccio et al., 2010; Steptoe, Peacey, & Wardle, 

2006).  A systematic review and meta-analysis of prospective studies showed consistent 

patterns of both short (less than seven hours) and long sleep duration (more than eight to nine 

hours, depending on the study) being associated with a 12% and 30% increased risk of all-cause 

mortality respectively (Cappuccio et al., 2010).  Long and short sleepers may be at higher risk for 

a range of medical comorbidities, which would contribute to these associations (National 

Institutes of Health, 2011; Stranges et al., 2008).  It is important to note that regularly sleeping 

more than nine hours may be appropriate for young adults or those recovering from illness (N. 

F. Watson et al., 2015).  Even so, it remains that short and long habitual sleepers represent 

higher risk population groups. 

There is increasing evidence that short sleep is highly prevalent in modern Western culture. 

Approximately one in five New Zealand adults have insufficient sleep (Paine & Gander, 2016) 

and similarly in Australia, two large studies investigating sleep quantity found comparable 

prevalence of short sleep durations.  Bartlett et al. (2008) analysed 3300 responses from adults 

between the ages of 18 to 64 living in New South Wales and found that 18.4% were sleeping less 

than six and a half hours per night, while in the 2010 Australian Sleep Foundation poll that 

surveyed 1512 Australian adolescents and adults, 23.7% of respondents were reporting 

insufficient sleep (less than seven and a half hours), mostly women and younger to middle-aged 
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of sleep (Bei, Coo, & Trinder, 2015).  It is also an effective way of collecting long-term data or 

acquiring pilot data to inform further enquiry (Okun, 2019).  Self-report measures have also been 

used extensively in assessing sleep patterns of pregnant women.  

There are several self-report measures with adequate reliability and criterion validity for adults 

and numerous sleep scales have been developed to obtain personal accounts of habitual sleep.  

Because subjective measures typically rely on a retrospective account of sleep and a reliance on 

memory, they can introduce recall bias and therefore undermine the accuracy of the data.  

Wilson et al. (2013) compared self-reports to PSG and found that while women in the third 

trimester were equally likely to slightly over or under estimate their sleep duration, women in 

the first trimester and non-pregnant women underestimated sleep duration by almost one hour 

on average.  This is similar to Herring et al. (2013) who noted that women in the second trimester 

underestimated self-reported sleep time by nearly 30 minutes when compared to actigraphy, 

and McIntyre et al. (2016) who found that women in the third trimester underestimated self-

reported sleep time by nearly 60 minutes when compared to video recording.  McIntyre et al. 

(2016) also found there was poor agreement between self-reports and video for sleep latency, 

however caution needs to be applied when interpreting the results of this study, as sleep onset 

was defined as the participant lying still for more than three minutes.  This is much less than the 

10 minutes of inactivity required for actigraphically measured sleep onset. 

Many studies have found that subjectively measured sleep disruption, but not objective sleep 

measures, are more strongly associated with depressive symptoms (Bei et al., 2010; Okun et al., 

2013; Park et al., 2013; Volkovich et al., 2016) thus, the perception of sleep quality may be an 

important clinical indicator of low mood in new mothers (Stremler, McMurray, & Brennenstuhl, 

2019). 
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The New Zealand Perinatal and Maternal Mortality Review Committee (PMMRC) guidelines 

recommend that all women should register with maternity care before 10 weeks gestation 

(Perinatal and Maternal Mortality Review Committee, 2012) which is similar to other developed 

countries recommendations (National Collaborating Centre for Mental Health, 2014).  This 

offers the opportunity to screen for sexually transmitted infections, family violence, mental 

health issues and congenital abnormalities.  In 2017, over two thirds of New Zealand women 

register with a LMC as soon as the pregnancy is confirmed, an increase from 2008 when only 

half registered within the first trimester (New Zealand Ministry of Health, 2019b). 

In addition to health care, New Zealand women also receive 10 days unpaid special leave 

during pregnancy to attend medical appointments, antenatal classes etc. and are also eligible 

for 22 weeks of government funded paid parental leave, plus an additional 22 weeks un-paid 

leave, to care for the child after birth (based on 12 months service with the same employer for 

more than 10 hours a week) (leave entitlements increase to 26 weeks from July 2020).  

Spouses or partners are also eligible for up to two weeks leave or have maternal entitlements 

transferred if the partner is the primary care giver (Employment New Zealand, 2018).   
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poor sleep as compared to 8% who did not have HG and furthermore, for women with HG, there 

was also a positive correlation between depressive symptoms and poor sleep.  Similar 

associations have been found between nausea, vomiting, insomnia and depression (Swallow, 

Lindow, Masson, & Hay, 2004), and nausea, vomiting, fatigue and depression (Bai et al., 2016; 

Chou, Lin, Cooney, Walker, & Riggs, 2003).  While nausea and vomiting are not likely to be the 

result of a psychological disorder, it is well understood that affected women have psychological 

symptoms that become entwined with, and possibly intensify, their physical symptoms (N. M. 

Lee & Saha, 2011).  

Short or long sleep durations and subjective poor sleep continuity in early pregnancy have also 

been associated with cardiometabolic risk factors (Haney et al., 2014; Qiu, Frederick, Sorensen, 

Enquobahrie, & Williams, 2014; Williams et al., 2010), an increased risk of gestational diabetes 

(Zhong et al., 2018), premature labour (Klebanoff, Shiono, & Rhoads, 1990) and short infant birth 

length (W. Wang et al., 2017).  Poor sleep continuity and quality during the first trimester can 

also be a result of increased need for urination (Baratte-Beebe & Lee, 1999), nasal congestion 

(Caparroz, Gregorio, Bongiovanni, Izu, & Kosugi, 2016; Ellegård & Karlsson, 2006), hot flashes 

during sleep (Thurston, Luther, Wisniewski, Eng, & Wisner, 2013), back pain (Ray-Griffith, 

Wendel, Stowe, & Magann, 2018; Sabino & Grauer, 2008), indigestion or heartburn (Vazquez, 

2015) and breast pain (Nazik & Eryilmaz, 2014). 

The first trimester of pregnancy is accompanied by a dramatic rise in hormones throughout the 

body and while these are vital for creating and sustaining a healthy fetal environment, they can 

have an adverse effect on sleep and circadian rhythms (Pien & Schwab, 2004).   

Progesterone is a key hormone in pregnancy.  Dramatic increases in progesterone are secreted 

by the placenta and are vital for maintaining a pregnancy.  Progesterone is also  soporific (K. A. 
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Wade, 1976).  Research has shown that hCG reaches its maximum levels at the end of the first 

trimester between days 56-68 and dramatically reduces after this time (Braunstein et al., 1976).  

Recent findings suggest that although levels are low in trimesters two and three, hCG may also 

contribute to myometrial quiescence (active relaxation of the uterine smooth muscle) during 

these trimesters (Rahman & Rao, 2009). 

Interestingly, hCG is only found in humans, primates and equines, and this may be why there is 

minimal research on the effects of hCG on sleep behaviour.  While the soporific hormone, 

progesterone, is considered to be associated with sleep changes during pregnancy (and indeed 

hCG promotes progesterone production), Toth et al. (1994), suggests that the levels of 

progesterone do not correlate with the sleep changes throughout the trimesters (i.e. sleepiness 

is lower in the second trimester, but progesterone levels are higher), however hCG correlates 

better with sleep changes.  This is also supported by findings that found hCG receptors are 

present in the brain centres that control sleep (Toth et al., 1994).  However, the effects of hCG 

on human sleep are not yet well understood (Bourjeily, 2009). 

1.4.2.2 Second Trimester 

Compared to the first three months, the second trimester sees a significant increase in NREM3 

sleep but may also be accompanied by increased restlessness (Pien & Schwab, 2004).  Although 

the mechanisms are not fully understood, both subjective and objective reports of sleep are 

improved during the second trimester compared to the first (Okun et al., 2012), and many 

women find they have higher levels of daytime energy (Wolfson & Lee, 2005).  Once again, it 

must be emphasised that this is highly variable from woman to woman.   

Conversely, there is a marked increase in the prevalence of snoring in the second trimester 

compared to pre-pregnancy levels.  Wolfson & Lee (2005) state that 30% of women report the 
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onset of snoring that did not exist prior to pregnancy, while Franklin et al. (2000) found that 23% 

of pregnant women reported snoring every night and 25% occasionally snoring, compared with 

only 4% prior to pregnancy.  Snoring is also an indicator for pre-eclampsia and hypertension in 

the mother, as well as growth retardation and lower APGAR (appearance, pulse, grimace, 

activity, and respiration) scores in the infant (Franklin et al., 2000; Wolfson & Lee, 2005).  

As discussed earlier, melatonin plays an important role in sleep physiology, but also has a crucial 

part in normal fetal development (Carlomagno, Tilotta, Minini, & Unfer, 2018) and is a highly 

effective antioxidant in the ovaries, placenta and fetus (Reiter, Tan, Korkmaz, & Rosales-Corral, 

2014).  Night-time concentrations of melatonin begin to increase after 24 weeks gestation, with 

significantly higher levels after 32 weeks (Voiculescu, Zygouropoulos, Zahiu, & Zagrean, 2014).  

Melatonin crosses through the placenta without modification, providing photoperiodic 

information to the fetus thereby influencing circadian rhythms (i.e. sleep/wake cycles) of the 

offspring (Carlomagno et al., 2018; Voiculescu et al., 2014).  These rhythms have been shown to 

be interrupted if mothers are kept in continuous light environments (Carlomagno et al., 2018).  

Circadian disruption due to shift work changes melatonin production and is associated with 

adverse obstetric conditions such as pre-eclampsia and growth restriction, prematurity and 

spontaneous abortion (Nakamura et al., 2001; Reiter et al., 2014; Voiculescu et al., 2014), as well 

as neurological disability in the fetus (Carlomagno et al., 2018).     

Relaxin levels increase in the first trimester and reach a stable elevated state in the second 

trimester.  Because relaxin serves as a muscle and blood vessel relaxant, it may also increase 

upper airway softening during sleep.  This can increase the likelihood of snoring or breathing 

problems, especially later in pregnancy.  The relaxant properties of relaxin on the back muscles 

and ligaments are also believed to be one reason why women experience increased back pain 

during this trimester. 
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trimester (Srivanitchapoom, Pandey, & Hallett, 2014).  A review of RLS in pregnancy noted a 

prevalence of up to 32%, approximately two to three times higher than in non-pregnant women.  

Fortunately most pregnancy-related RLS cases fully resolve within a month after birth 

(Srivanitchapoom et al., 2014).  Leg cramps are involuntary muscle contractions which also often 

occur at night and are commonly felt by women in their second and third trimesters (K. Zhou, 

West, Zhang, Xu, & Li, 2015).  Prevalence of leg cramps in pregnancy and subsequent adverse 

sleep issues are similar to those of RLS (Hensley, 2009). 

1.4.2.3  Third Trimester 

Sleep in the third trimester is characterised by decreased SWS, REM sleep (Brunner, Münch, 

Biedermann, & Huch, 1994) and total sleep time (J. J. Chang et al., 2010).  For some women, the 

third trimester is also distinguished by high levels of sleep fragmentation which continues to 

increase through to the last week of pregnancy (M. L. Evans, Dick, & Clark, 1995). 

The growth of the fetus, placenta, uterus, breast tissue, blood volume, amniotic fluid and 

nutrient storage equate to a weight gain of approximately 11.5-16 kilograms for a woman with 

a healthy BMI range (Rasmussen et al., 2010).  This places a large energy demand on the body 

to supply oxygen and nutrients to the fetus, placenta and uterus and places a significant load on 

the cardiac system (Yosefy et al., 2012).  For a healthy woman with a normal-sized fetus, blood 

plasma volume increases during pregnancy by almost 50%, in turn increasing cardiac output 

(Hytten, 1985).  Increased demand on heart and lung capacity requires an increase in 

metabolism, which can have a fatiguing effect on the body (K. A. Lee & Zaffke, 1999).  The 

enlarged abdominal girth causes upward pressure on the diaphragm, resulting in increased 

effort to breath, increased minute ventilation and a decrease in functional residual capacity 
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(Butkov & Lee-Chiong, 2007).  Additionally, the recumbent position reduces the mechanical 

efficiency of breathing, increasing dyspnea and precipitating sleep fragmentation. 

Many other factors contribute to poor sleep quality in the last trimester, such as uterine 

contractions, abdominal pain, frequent urination, cramps, feeling uncomfortable, feeling hot, 

having bad dreams and gastroesophageal reflux (Ursavas, 2009; Wolfson & Lee, 2005).  

Increased uterine size and fetal movements can make finding a comfortable sleep position 

difficult later in pregnancy.  Joint and muscle pain, fluid retention and breast tenderness can be 

painful enough to prevent sleep onset or cause frequent arousals from sleep (Baratte-Beebe & 

Lee, 1999).  Nocturia and reflux can cause awakenings as the uterus compresses the bladder, 

reducing its capacity (resulting in frequent nocturia) and as the uterus squashes the diaphragm, 

the intestines and oesophageal sphincter are displaced (causing reflux).  Iron deficiency 

anaemia, of which tiredness is a symptom, can also result from the increased blood volume (K. 

A. Lee & Zaffke, 1999).   

Poor sleep in pregnancy has been linked to increased pain sensitivity, inflammation, discomfort 

during labor, and preterm labor (Beebe & Lee, 2007; Blair, Porter, Leblebicioglu, & Christian, 

2015; K. A. Lee & Gay, 2004).  Bourjeily et al. (2010) found sleep disordered breathing is 

associated with adverse pregnancy, delivery and fetal outcomes, specifically, gestational 

diabetes (even after controlling for body mass index), unplanned caesareans and low one-

minute APGAR scores but not five-minute APGAR scores.  Similarly, short sleep duration in 

pregnancy is associated with significantly longer labour, higher rates of caesarean births (K. A. 

Lee & Gay, 2004), more pain and discomfort in labour, higher rates of preterm labour (J. J. Chang 

et al., 2010), excessive weight gain (Althuizen, van Poppel, Seidell, & van Mechelen, 2009) and 

psychiatric disorders (Qiu, Gelaye, Fida, & Williams, 2012).  Interestingly, long sleep durations in 
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Difficulty recruiting women in the first trimester is understandable, given the small window 

between when mothers have a pregnancy confirmed and the beginning of the second trimester.  

A range of reasons may lead to delayed announcement of pregnancy, including previous 

miscarriage or termination, family or friends struggling with infertility, discussions about 

whether to terminate the pregnancy, couples wishing to keep the first trimester as a special time 

between themselves, fear of employment discrimination against pregnant women, and women 

not recognising they are pregnant until later in pregnancy.  

Studies with narrow eligibility criteria or complex protocols face additional recruitment 

obstacles.  Recruiting nulliparous women could be seen as more challenging, as they and their 

partners are experiencing an unfamiliar, and quite possibly overwhelming life event, though 

multiparous women may decide research studies create a further burden in an already 

challenging environment of looking after multiple children.  Furthermore, women with a history 

of depression may be hesitant to reveal their psychiatric history.  By no means an extensive list, 

these illustrate important considerations when recruiting pregnant women in the first trimester. 

1.4.4 Sleep from pregnancy to the postnatal period 

Typically, sleep is disrupted through the early postpartum period.  This is highly variable, with 

sleep returning to pre-pregnancy levels within three months postpartum for some women 

(Hedman et al., 2002), while for others sleep continues to be a challenge (Richter, Krämer, Tang, 

Lemola, & Montgomery-Downs, 2019).  One early study by Lee et al. (2000), assessed 29 women 

with home-based (ambulatory) PSG for two nights during pre-pregnancy, once per trimester, 

and during the first and third months postpartum.  The authors found no significant variation in 

sleep duration throughout pregnancy (though a declining trend), but there was a significant 

decrease at one month postnatal and improvement by the third month back to pre-pregnancy 
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values.  A similar significant pattern was seen in sleep efficiency, though improvements did not 

return to pre-pregnancy levels. 

Coo et al. (2014) examined 29 pregnant women late in the third trimester, 15 days postpartum, 

and 10 to 12 weeks postpartum.  Objectively measured sleep duration (via actigraphy) declined 

significantly in the immediate postpartum but recovered by three months postpartum to late 

pregnancy levels, while subjective reports (as measured by the Pittsburgh Sleep Quality Index 

(PSQI)) also declined but did not improve to late pregnancy levels.  They found a greater impact 

on sleep efficiency and though there was some improvement by three months postnatal, sleep 

did not return to pregnancy levels.  This is similar to Montgomery-Downs et al. (2010), who also 

found that sleep efficiency improved from the first month to fourth month postpartum, however 

they did not see a significant change in nocturnal sleep duration over the three months.   
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1.5 Depression 

For women of childbearing age, mental illness (specifically depression) is the leading cause of 

disease burden globally (World Health Organization, 2009) and women are twice as likely to 

become depressed than men (Buist et al., 2002).  Importantly, depression is a highly recurrent 

disorder, with more than 75% of depressed patients having more than one depressive episode, 

usually within two years of recovery (Gotlib & Joormann, 2010).  

Depression is a condition that primarily involves a disturbance of mood, characterised by being 

sad, hopeless, discouraged, or simply depressed (American Psychiatric Association, 2010).  

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (American 

Psychiatric Association, 2013), major depressive disorder (MDD) requires five or more symptoms 

to be present within a two-week period.  One of the symptoms should at least be either a 

depressed mood or anhedonia (loss of interest or pleasure).  The secondary symptoms of MDD 

are appetite or weight changes, sleep difficulties (insomnia or hypersomnia), psychomotor 

agitation or retardation, fatigue or loss of energy, diminished ability to think or concentrate, 

feelings of worthlessness or excessive guilt, and suicidality.  

Among all age groups in New Zealand, depressive and anxiety disorders are the second leading 

cause of health loss behind heart disease, but of greater prevalence than obesity.  For 

childbearing aged women (aged between 15-44 years) mental health disorders are the leading 

cause of health loss, accounting for over 25% overall and nearly three times the rate of cancer 

or injury (New Zealand Ministry of Health, 2016).  Based on 2013 Organisation for Economic Co-

operation and Development (OECD) figures, New Zealand women aged 15-24 had the highest 

suicide rates from the 34 countries (New Zealand Ministry of Health, 2017a). 
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1.5.1 Sleep and depression 

A ruffled mind makes a restless pillow. 

Charlotte BRONTË, The Professor, (1857), 1st Ed., Smith Elder & Co., London, England 

One of the most consistent symptoms or risk factors for depression is poor sleep (Murphy & 

Peterson, 2015).  In all types of sleep disorders, 25-58% of patients exhibit some form of 

depression (Vandeputte & de Weerd, 2003).  Conversely, it is well established that those 

diagnosed with psychological disorders typically have disturbed sleep (Benca et al., 1997).  Up 

to 90% of depressed patients reporting poor sleep quality (Drago, 2008) and approximately 40% 

suffering from insomnia related complaints, such as difficulties with sleep onset, sleep 

maintenance and early morning awakenings (Murphy & Peterson, 2015; Perlis, Giles, 

Mendelson, Bootzin, & Wyatt, 1997), daytime sleepiness and fatigue (Franzen & Buysse, 2008), 

subjective sleep disturbances and poor sleep quality (Nutt, Wilson, & Paterson, 2008; Thase, 

2006).  Multiple disturbances in sleep are evident in about 45% of depressed outpatients and 

80% of more severely depressed inpatients (Tsuno, Besset, & Ritchie, 2005).  Furthermore 

depressive disorders are often associated with hypersomnia or long sleep durations (van Mill, 

Hoogendijk, Vogelzangs, van Dyck, & Penninx, 2010) and changes to sleep architecture, such as 

decreased latency to REM, increased REM and decreased SWS (Finan, Quartana, & Smith, 2015).  

The association between psychological disorders and sleep is so strong that the DSM-5 classified 

mental health disorders, such as depression and anxiety, list sleep disruption as a diagnostic 

criteria (R. Cooper, 2014). 

On reflection, it is not surprising that suboptimal waking function is associated with disrupted 

sleep and vice versa, since these are interdependent states of the same brain.  Sleep disturbance 

can pre-date the onset of depression (Meerlo, Havekes, & Steiger, 2015) and depression is 
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depressive symptoms (Dennis & Dowswell, 2013; Lancaster et al., 2010).  Inconsistent findings 

have been found for smoking, alcohol and drug use, parity and employment status (Dennis & 

Dowswell, 2013).  Moreover, a systematic review and meta-analysis of 15 studies demonstrated 

that immigrant women have a two-fold risk of developing postnatal depression as compared to 

non-immigrant women (Falah-Hassani, Shiri, Vigod, & Dennis, 2015).  A review by Biaggi et al. 

(2016) noted mixed findings about the role of parity as a risk factor for antenatal depression 

with five studies finding that multiparous mothers had more risk than nulliparous, three studies 

finding the reverse and 10 studies finding no difference.  Gravidity was also examined and found 

to be just as inconclusive.  

1.5.3 Consequences of depression in pregnancy 

While pregnancy depression prevalence is not dissimilar to the general population (English et 

al., 2018), it is the consequences of depression in pregnancy that can lead to considerable 

problems for both mother and baby.  In extreme cases, suicide is the most devastating 

consequence.  Sadly, maternal suicide is the leading cause of death in the year after birth (Oates, 

2003) and has higher rates than haemorrhage as a cause of mortality (American College of 

Obstetricians and Gynecologists., 2015).  Estimates reveal that 56% of all women committing 

suicide have a known mental health disorder with a mood disorder being the most common 

(Koslow, Ruiz, & Nemeroff, 2014).   Furthermore, a study of 1298 women in the third trimester 

found that depressed women with poor sleep quality had 13.56-fold increased risk of suicidal 

ideation (Gelaye et al., 2017).  This author also reported on a separate cohort of 641 women in 

the first trimester and similarly, depressed women with poor sleep quality had 3.48-fold 

increased odds of suicidal ideation (Gelaye et al., 2015).  Sadly, on a national basis, New Zealand 
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has maternal suicide rates seven times higher than those in the United Kingdom (Perinatal and 

Maternal Mortality Review Committee, 2012).   

Depressed women may have a diminished ability to make good health decisions, so are more 

likely to have a poor diet, smoke, misuse illicit substances (Buist et al., 2002) or overuse 

prescription drugs (Newport et al., 2012).  They may also be less compliant with prenatal care 

(Leigh & Milgrom, 2008) and feel less invested in the care of the fetus (Marcus & Heringhausen, 

2009).  Depression in pregnancy has been shown to be associated with adverse gestation and 

birth outcomes, such as small-for-gestational age, maternal preeclampsia, low birth weight, 

smaller head circumferences, increased risk of premature delivery, increased surgical delivery 

interventions, lower APGAR scores, and more admissions to the neonatal intensive care unit 

(Marcus & Heringhausen, 2009), as well as increased risk of infant mortality (Goedhart et al., 

2010). 

Nicholson et al., (2006) found that in a group of 175 women in the first trimester, those with 

elevated depressive symptoms had significantly poorer health-related quality of life compared 

to those with minimal depressive symptoms, even after controlling for sociodemographic 

factors.  This is similar to the work by Da Costa et al. (2010) who found that experiencing sleep 

problems in the third trimester was linked with poorer health-related quality of life which was 

also then independently associated with elevated depression scores.  Moreover, Setse et al. 

(2009) found that quality of life scores improved in consecutive trimesters if depression scores 

improved compared to those who remained depressed. 

A strong correlation between maternal and paternal depression is evident, with up to 50% of 

fathers developing paternal depression if their partner is depressed (Goodman, 2004).  Critically, 

infant outcomes and developmental milestones are more greatly impaired when both parents 
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are depressed (Kerstis et al., 2016).  Marital conflict and dissatisfaction are also associated with 

maternal depression (Dennis & Ross, 2006). 

Depression during pregnancy can also have detrimental effects on infant development (Barker, 

Kirkham, Ng, & Jensen, 2013; Meijer et al., 2011).  A study of nearly 800 women in their early 

first trimester (approximately 10 weeks gestation) found that over 40% of the sample had 

significant depressive symptoms, with this group having a 60% increased risk of preterm delivery 

(Li, Liu, & Odouli, 2009).  Maternal depression is associated with disruptions in mother-infant 

bonding (Hairston, Solnik-Menilo, Deviri, & Handelzalts, 2016), with evidence demonstrating 

that depressed mothers are less engaged, less responsive and more inconsistent to their infant 

needs and are less likely to interact through reading, singing, and playing games (Campbell et 

al., 2004).  Depressed mothers also exhibit other compromised parenting behaviours such as 

less compliance with infant safety practices, such as using car seats and childproof latches on 

cupboards (Field, 2010).  Infants of mothers who had depression during pregnancy are more 

likely to cry regularly, are more difficult to console, have more irregular sleep patterns (Marcus 

& Heringhausen, 2009; Zuckerman, Bauchner, Parker, & Cabral, 1990), more sleep problems 

(Armitage et al., 2009; Field et al., 2007), have reduced social interaction and poor fear 

regulation (Feldman et al., 2009).  Maternal depression decreases the likelihood of 

breastfeeding initiation (Grigoriadis et al., 2013) and can lead to the cessation of breastfeeding 

(Cato, Sylvén, Lindbäck, Skalkidou, & Rubertsson, 2017; Nishioka et al., 2011).     

Toddlers of depressed mothers have delayed developmental milestones (Tuovinen et al., 2018), 

while pre-school and school-aged children often have deficits in social, behavioural, 

neurophysiological and cognitive areas (Burke, 2003; Kingston, McDonald, Tough, & Austin, 

2015; O'Connor, Monk, & Fitelson, 2014).  Long-term parental depression has been found to be 

associated with a substantial increase in the child presenting at emergency departments and 
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1.6 Sleep, pregnancy and depression 

Changes in sleep across all perinatal time points appears to coincide with the occurrence of 

mood disturbances and likely share a reciprocal causal relationship (Baiardi et al., 2016), though 

directionality is unclear (Bei, Coo, Baker, & Trinder, 2015), with both cross sectional and 

longitudinal studies showing that insufficient and poor sleep quality are associated with 

depressive symptoms at the same time point (Bais et al., 2019; Jomeen & Martin, 2007; Sattler 

et al., 2017; Yang et al., 2017), and additionally, poor sleep predicts worsening depressive 

symptoms in later pregnancy (M.-W. Chang, Brown, Nitzke, Smith, & Eghtedary, 2015; Eichler, 

Schmidt, Hiemisch, Kiess, & Hilbert, 2019; Skouteris, Wertheim, Germano, Paxton, & Milgrom, 

2009).  To illustrate, Mellor et al. (2014) found that among women with low mood in pregnancy, 

87.5% of women who attributed this to sleep-related causes and did in fact have poor sleep 

quality according to the PSQI.  In addition, studies have found associations between poor sleep 

in late pregnancy and an increased risk of postnatal depression (Lawson, Murphy, Sloan, Uleryk, 

& Dalfen, 2015; H. Zhou, Li, & Ren, 2018).   

Studies examining multiple sleep aspects have found a relationship with depression.  

Pietikäinen et al. (2018) found that poor sleep quality, daytime sleepiness, short sleep duration, 

difficulty getting to sleep in late pregnancy and postnatally were all associated with postnatal 

depressive symptoms, even after adjusting for demographic characteristics and prenatal 

depression.  Severity of poor mood has been found to be associated with the severity of sleep 

disturbance (Khazaie, Ghadami, Knight, Emamian, & Tahmasian, 2013).  Poor sleep quality, even 

in the absence of pregnancy depression, places women at increased risk of suicide ideation in 

the postnatal period, though experiencing depression greatly increases that risk (Gelaye et al., 

2017). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pietik%C3%A4inen%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=30121844
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symptoms.  This is intriguing, given that both groups of women reported similar sleep patterns 

postnatally.  Kamysheva et al. (2010) found that in a healthy sample of 257 pregnant women, 

second trimester physical discomfort predicted third trimester depressive symptoms, mediated 

by poor sleep.  

Poor sleep in the postnatal period has been shown to be associated with depression (Aksu, Varol, 

& Sahin, 2017), worse maternal/infant attachment, premature weaning, impatience, less ability 

to concentrate, fatigue, reduced daytime functioning and impaired infant development (Coo, 

Milgrom, Kuppens, Cox, & Trinder, 2014; Doering, Morin, & Stetzer, 2009; Goyal, Gay, & Lee, 

2009; Kennedy, Gardiner, Gay, & Lee, 2007; Tikotzky, 2016).  Indeed, in a study by Aksu et al. 

(2017) of 400 women at six weeks postnatal, found that of women (77%) reporting fatigue, 96% 

had elevated depressive symptoms.  This is similar to the work of Brown and Lumley (2000), who 

reported that 74% of women between six and seven months postnatal with elevated depressive 

symptoms reported higher levels of fatigue.  Postnatal maternal daytime sleepiness is associated 

with increased psychiatric problems, Attention Deficit Hyperactivity Disorder (ADHD) symptoms 

and poorer executive function (attention, working memory and inhibitory control) in pre-school 

children (Lahti-Pulkkinen et al., 2018), though this finding was attenuated when controlling for 

pregnancy depression and anxiety. 

Examining a different but pertinent angle, Finnbogadóttir & Persson examined 532 expectant 

fathers whose partner was in their first trimester.  They found that nearly 10% of fathers had a 

high risk of depression, but importantly fathers with sleeping difficulties were 5.7 times more 

likely to have elevated EPDS scores.  While having high stress was strongly associated with 

experiencing depressive symptoms, sleep was also significantly associated and had a stronger 

effect than hazardous alcohol consumption, sexual dissatisfaction and having an unfavourable 

lifestyle or socioeconomic position.  While expectant fathers were not included in this thesis, 
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interventions aimed at both mother and partner could provide additional information and 

should be considered in any further research in this area (Da Costa et al., 2017; Finnbogadóttir, 

Svalenius, & Persson, 2003). 

Some researchers have recognised the importance of early identification of both poor sleep and 

depression in pregnancy (Buist et al., 2002; Jeong et al., 2013; Jomeen & Martin, 2007; Sharp & 

Lipsky, 2002).  But despite strong evidence of links between sleep and depression, and 

indications that early pregnancy is a critical time for depression and sleep problems to emerge, 

few studies have explored depression and sleep longitudinally beginning early in pregnancy.  

Indeed, the International Federation of Gynecology and Obstetrics (FIGO) have recently stated 

that the first trimester is a window of opportunity to predict and prevent many pregnancy 

complications (Poon, McIntyre, Hyett, da Fonseca, & Hod, 2018).  Early detection and effective 

treatment of antenatal depression could result in fewer, less severe symptoms and faster 

recovery.  Thus, there is an urgent need to better understand the causal links between 

pregnancy, sleep and depression.   
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mother is in early pregnancy (NZGG 2008).  This is consistent with a recent review study on 

antidepressant use in pregnancy, which recommended that antidepressant medications should 

only be prescribed after trying other proven non-pharmacological treatments and alternative 

depression interventions should be more actively pursued (Campagne, 2018).  

1.7.2 Behavioural interventions 

Similar numbers of pregnant women are using natural/complementary/non-invasive therapies 

compared to antidepressant medication to treat depressive symptoms (Dennis & Dowswell, 

2013), and because the demand for non-pharmacological treatment is growing in pregnant 

populations, behavioural interventions are increasingly being sought. 

In a review of the potential cost benefit of 24 early interventions that prevent or reduce perinatal 

depression (defined as being conducted during pregnancy and up to one year postpartum) 

(Bauer et al., 2016), interventions were categorised into five groups: universal interventions; 

selective preventive interventions (targeted high-risk groups); interventions addressing mild or 

sub-threshold symptoms; interventions addressing moderate to major symptoms; and 

interventions addressing major symptoms only.  Interventions included yoga, exercise, cognitive 

behavioural therapy, healthy lifestyle, parenting and peer support.  Overall, interventions were 

shown to be effective in helping prevent or recover from mood disorders and led to positive net 

benefits from a societal perspective.  Women in the universal or selective preventative 

intervention categories also saw health benefits.  Groups that targeted women with mild or sub-

threshold symptoms achieved health care benefits only if initiated in pregnancy or long term 

throughout pregnancy and the postnatal period.  Interventions addressing only moderate and 

major symptoms required significant investment but appeared to have a substantial positive 
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impact on both mother and child.  Specifically, the review suggests that parent education and 

infant sleep interventions are likely to provide good value for money. 

Alternative therapies, such as psychotherapy and cognitive behavioral therapy (CBT) are 

promising (Sockol, Epperson, & Barber, 2011) but are generally associated with high cost, 

logistical hurdles, attitudinal barriers and waitlist times (Kim, Hantsoo, Thase, Sammel, & 

Epperson, 2014).  Bright light therapy, acupuncture and herbal remedies are also being 

increasingly researched, but are far from mainstream or easily available.  A study investigating 

mindfulness training (Felder et al., 2018) found that women who slept poorly at baseline 

suffered from increasing depression regardless of intervention group  and similarly mindful yoga 

was found to improve the sleep of pregnant women if they started in their second trimester, but 

not in their third (Beddoe, Lee, Weiss, Kennedy, & Yang, 2010).  Both studies suggest that early 

intervention would be highly valuable.   

1.7.3 Availability of pregnancy sleep information 

Women are hungry for pregnancy-related health information.  In a Canadian study by Hall et al. 

(2012), 39 women in the third trimester were equally keen to receive information about what 

interfered with sleep in pregnancy (73%) as understanding concerns, fears, and anxieties 

regarding pregnancy and labor (73%).  Interestingly, the authors indicated that sleep may be an 

area where women lacked knowledge, either because it has not received adequate research 

attention, or the transfer of knowledge from existing evidence was not available to pregnant 

women, and that mothers were looking for reassurance that their sleep experiences were 

shared by other pregnant women.  Similarly, a study by Da Costa et al. (2017) explored the web-

based search behaviour of 174 men, whose partners were pregnant or had recently given birth.  

Ninety-eight percent of the men had spent approximately six hours per month searching for 
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it covers diverse topics (such as exercise, nutrition, alcohol use, mental health), the only 

information relating to sleep is a statement on sleep position (Raising Children Network, 2019).  

The New Zealand Ministry of Health website provides another illustration of the scarcity of 

pregnancy sleep information.  Pregnancy-related health information covering nutrition, 

smoking, dietary supplements and alcohol consumption is presented but information on sleep 

is absent, with the exception of a brief statement on sleep position (New Zealand Ministry of 

Health, 2019a).  The New Zealand Health Navigator provides a simple one page fact sheet on 

sleep in pregnancy with brief information on avoiding fluids at bedtime, snacking options, 

sleeping comfortably on either side, relaxation routines at bedtime, getting regular exercise and 

asking for help if tired (Health Navigator, 2019). 

1.7.4 Sleep education 

Sleep education involves learning about healthy sleep and strategies to improve sleep.  In a 

recent systematic review and meta-analysis comparing sleep education to cognitive behavioural 

therapy for insomnia (CBTi), Chung et al. (2018) found that sleep education was an efficacious 

insomnia treatment option, produced significant small to medium effects, although CBTi 

treatments were more effective, showing medium to large effects.  The authors also state that 

sleep education intervention studies suffer from methodological and implementation issues, 

such as the level of practitioner training and coverage of material (basic leaflet vs comprehensive 

program).  Nevertheless, they recommend that sleep education may be a sound first-option 

treatment, especially if CBTi is unavailable or too expensive, though implementation should 

encompass broad and complete sleep education material. 

A study by Tsai et al. (2016) investigating the relationship between sleep hygiene knowledge and 

sleep quality found that pregnant women with poor sleep quality engaged in poor sleep hygiene 
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1.7.4.1 Pregnancy sleep education interventions  

Sleep is one of only a handful of modifiable risk factors for numerous health problems, so 

contains a unique utility for behavioural change interventions. Sleep education interventions in 

pregnancy are limited and only a handful of reviews examining non-pharmacological 

interventions for improving pregnancy-related sleep have been published.  Hollenbach et al. 

(2013) completed a systematic review of seven non-pharmacological pregnancy interventions 

(acupuncture, physical activity, mindfulness/yoga and massage) with sleep as an outcome 

measure.  Findings supported trends for improving sleep, however, the authors concluded that 

studies were generally low quality, and none focused on sleep hygiene or sleep education.  No 

direct sleep education interventions were identified in a review by Carroll et al. (2019), even 

though the authors were assessing maternal sleep interventions in pregnancy and the postnatal 

period.  The authors discussed limited intervention options, such as CBTi, mindfulness, yoga/tai 

chi and nutrition and family focused strategies.  Though sleep hygiene/education was addressed 

within the CBTi intervention, the review only provided a description of the intervention and no 

appraisal of the studies or effect.  

An additional handful of recent sleep-based interventions were discovered in the literature post 

these reviews.  An Iranian study by Sanaati et al. (2017), provided sleep hygiene information as 

part of a broader lifestyle education intervention to pregnant women and their partners in their 

second trimester.  Of the 189 women in the study, 126 generally healthy women (including 

having no history of depression) were allocated to two intervention groups, one group had 

husbands/partners attending and the other were women on their own.  The remaining 63 

women were in a routine care group.  EPDS scores were not statistically significant different 

between groups at baseline, but both groups receiving the lifestyle (and sleep) intervention had 

significantly lower EPDS scores at the conclusion of the eight-week intervention. 
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affecting sleep and sleep hygiene principles) and were followed up two weeks later to revisit the 

material if problems were arising or material misunderstood.  Delivery information (length or 

format) was not provided by the authors.  Pre-intervention PSQI scores were not significantly 

different between intervention and control groups, however post-intervention PSQI scores were 

significantly lower compared to pre-test scores for the intervention group, indicating that sleep 

education had benefit in this population. 

A recent study by Lee et al. (2017) found that 25 women who were hospitalised for a high-risk 

pregnancy in the third trimester and participated in a hospital-based behavioral intervention 

(including elements of sleep hygiene and CBTi) had significantly lower sleep disturbance than 

controls.  Importantly, the authors have suggested that promoting healthy sleep hygiene 

behaviours would be beneficial in early pregnancy during routine prenatal visits. 

Another study by the same lead author, Lee et al. (2016) evaluated the feasibility and efficacy of 

a four-week CBT based sleep enhancement program for women in late pregnancy and one to 

two months postnatally.  The intervention program included auditory and reading relaxation 

programs, sleep diaries and dietary recommendations, while the control group only received 

dietary information.  Though adherence to the program was variable, the intervention group 

reported positive feedback about their experience, and they also had significantly longer sleep 

duration and better sleep continuity than two comparison groups, particularly at the postnatal 

assessment.  A specific recommendation from this study was initiating sleep interventions 

earlier in pregnancy so women have greater opportunity to practice skills prior to the onset of 

sleep problems. 

It appears that sleep education in pregnancy is rapidly becoming a popular choice of 

intervention.  Hawkins et al. (2019), has published an randomised controlled trial (RCT) study 
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protocol examining the use of a 12 week sleep education program including the use of a personal 

health monitor to achieve sleep goals, starting in the mid to late second trimester.  The study 

aimed to increase sleep hygiene knowledge, however there was no mention of providing 

trimester specific information.  Results from the study have not yet been published.  Kempler et 

al. (2012) also focused on the third trimester to implement a psychoeducational sleep 

intervention in an effort to improve mothers sleep and mood in the early postnatal period, but 

did not look at improving sleep throughout pregnancy.  Again, results for this study are not yet 

published. 

1.7.4.2 Postnatal sleep education interventions 

Postnatal sleep interventions have been studied more, with some placing a greater emphasis on 

the mother-infant dyad and/or managing infant sleep rather than trying to improve maternal 

sleep.  A systematic review by Douglas et al. (2013) showed that educational sleep interventions 

focusing on infant sleep had limited success, though studies looking at maternal sleep as an 

outcome had more positive results (Hiscock, Bayer, Hampton, Ukoumunne, & Wake, 2008; J. 

Phillips, Sharpe, & Nemeth, 2010; Smart & Hiscock, 2007).  A recent review assessing the current 

status of non-pharmaceutical management of perinatal depression, including novel 

interventions under investigation, did not discuss any studies examining sleep education 

intervention in pregnancy (Johansen, Robakis, Williams, & Rasgon, 2019).   

A systematic review and meta-analysis of 15 non-pharmacological sleep-focused interventions 

found that, collectively, non-pharmacological interventions exerted moderate effect on 

improving postnatal maternal sleep, with massage and exercise having the largest effect on 

maternal subjective sleep quality (Owais et al., 2018), though there are not enough studies to 

compare relative effectiveness.  The review also concluded that sleep interventions were most 
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1.8.1 Research questions 

This program of research aimed to investigate the relationship between sleep and depressive 

symptoms throughout an extended perinatal period, namely early pregnancy to three years post 

birth, and was prompted by three key questions. 

1.  What does sleep health look like for healthy women in each trimester of pregnancy? 

2a.   What are the patterns of depressive symptoms from late pregnancy through to three 

years post birth? 

2b.  What is the relationship between these patterns of depressive symptoms and sleep 

health during this timeframe?  

3a.  Is an early and longitudinal sleep education intervention feasible and acceptable to 

pregnant women?  

3b.  Is an early and longitudinal sleep education intervention effective in optimising sleep 

and minimising depressive symptoms for nulliparous pregnant women with a history of 

depression? 

3c.  How do sleep and depressive symptoms change over a nine-month period, from 12 

weeks gestation to 12 weeks postnatal? 
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1.8.2 Thesis components 

To answer these key research questions, this thesis was constructed around three separate 

studies, as illustrated in figure 1.6, each respective to the questions above.  Study 1 is a scoped 

review to explore what normal sleep looks like for a healthy pregnant woman (Chapter 3).  Study 

2 examines the trajectories of maternal depressive symptoms from late pregnancy to three-year 

post birth and investigates sleep dimensions related to those trajectories (Chapter 4), and Study 

3 develops and implements a sleep education intervention and assesses the feasibility, 

acceptability (Study 3a, Chapter 5) and efficacy (Study 3b, Chapter 6) of an early and longitudinal 

intervention aimed minimising depression symptoms throughout pregnancy. 

  

Figure 1.6  Thesis study design. 
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2.2.6 Inclusion criteria 

Minimal inclusion and exclusion criteria were established in an effort to obtain the most 

representative sample of self-selected, community-based women.  To participate, women 

needed to be 16 years of age or older, carrying a single fetus and able to answer questions in 

English. 

2.2.7 Late pregnancy questionnaire 

The Sleep and Health during Pregnancy questionnaire was developed and pre-tested in 2009 

with careful attention to question selection and language, as it was understood that the 

questionnaire would be completed by women of varying literacy abilities, including having 

English as a second language.  The final version was a 58 item, 12-page questionnaire (Appendix 

3) which women were asked to complete between 35-37 weeks gestation.  It included questions 

on demographics, sleep, general health, mental health and obstetric history and also included 

limited retrospective questions on sleep and mental health.   The demographic information 

collected included information on maternal age, parity, gestational weeks, ethnicity, 

socioeconomic position, partner support, stressful life events and employment details. 

2.2.8 12-week postnatal questionnaire 

Women were asked to complete the Postnatal Sleep and Health Questionnaire between 11-13 

weeks postnatal.  The final version was a 91-item, 27-page questionnaire (Appendix 4) and 

included repeated questions from the pregnancy questionnaire on demographics, sleep, general 

health and mental health.  Items relating to the birth experience and the infant were also 

collected, however given the focus of the current program of research on maternal sleep and 

mood relationships, only infant age was included from these items 
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2.3.2 Study team 

Sleep HAPi was led by the researcher, in conjunction with the supervisory team, Associate Prof 

T. Leigh Signal, Prof Philippa Gander, Dr Bronwyn Sweeney and Dr Mark Huthwaite, all of whom 

have extensive experience in conducting research protocols on sleep and/or mental health 

issues across the perinatal period.  Dr Sweeney, a clinical Psychologist and Dr Huthwaite, a 

consultant maternal mental health psychiatrist, provided guidance and clinical support when 

addressing mental health aspects of the study design, protocols and referrals of women to their 

health care provider.    

2.3.3 Researcher role 

As Sleep HAPi was a key focus of my thesis, my role in this research component was 

comprehensive.  With guidance and input from my supervisory team, my contribution was; 

concept formulation, study design and development, design and creation of recruitment and 

intervention material, participant recruitment and liaison, and education session 

implementation.  I also entered, cleaned the data, developed the statistical analysis plan, coded 

and analysed the data which involved substantial self-directed learning.  All statistical 

procedures were guided and reviewed by supervisor Dr Leigh Signal, fellow Sleep/Wake 

Research Centre colleague Dr Margo van den Berg and biostatistician Dr Mathangi 

Shanthakumar, of the Centre for Public Health Research, Massey University, Wellington.   

Two manuscripts on the Sleep HAPi intervention which are detailed in Chapters 3 and 4 were 

also first authored with involvement from my supervisory team. 
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2.3.4 Recruitment 

Recruitment for Sleep HAPi occurred over a 12-month period, from February 2017 to February 

2018. A study poster and flier were designed (Appendix 8) and distributed to medical centres, 

midwifery clinics, mental health clinics, hospitals, parent and community centres, book and toy 

libraries, primary schools and colleges, crèches/kindergartens, supermarkets and community 

fairs.  Massey University communications department assisted in the development of media 

releases and other material to promote the study through social and traditional media channels.  

The researcher conducted a national radio interview with Radio New Zealand discussing 

pregnancy sleep and depression while also promoting study recruitment.  Presentations were 

also given to hospital staff at the Wellington Hospital, the New Zealand College of Midwives, 

WellSleep continuing medical education (CME) workshop, Fertility Associates (assisted 

reproduction / fertility clinic) and various community midwifery groups to encourage medical 

professionals to pass fliers on to patients and/or clients.  Additional ethical submissions (to those 

described in 1.3.6) were completed for Fertility Associates, the Capital and Coast District Health 

Board (CCDHB) and the Hutt Valley District Health Board (HVDB) to allow medical professionals 

from these organisations to endorse the study.  Endorsement and promotion were also afforded 

by community and non-government agency websites, such as Perinatal Anxiety and Depression 

Aotearoa (PADA), Neonatal Trust, The Parents Centre and Family Planning New Zealand.   

Initially women were recruited from the Greater Wellington Region (Wellington, Porirua, Hutt 

Valley, Kapiti areas) due to the ease of meeting women in a 50km proximity of the Sleep/Wake 

Research Centre.  After six months of recruitment, advisements were extended to Palmerston 

North (140km proximity) in an effort to increase numbers, however this only resulted in one 

further woman completing the study. 
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Table 2.2 illustrates the location where the 22 women enrolled in the study saw study 

advertisements.  Over half of the women found out via clinician channels (midwives, antenatal 

groups, hospitals or medical centres).  The remaining women found out through media and 

social media platforms or from friends. 

Table 2.2  How enrolled participants found out about the study. 

n Recruitment channel 

6 Poster in medical centre/hospital/midwife clinic 

3 Antenatal Group at Wellington Hospital 

4 Directly from Community Midwife 

4 Word of mouth 

1 Radio Interview 

1 Poster in library 

1 Twitter post 

1 Eventfinder 

1 CME Presentation 

22 Total 
 

Figure 2.4 shows the flow diagram of study recruitment and retention.  Six women dropped out 

of the study.  Notably, three of these women dropped out for reasons outside their control (two 

women miscarried prior to their first week of actigraphy recording, and one women had an 

extreme pre-term birth at 22 weeks gestation).  Three women chose to discontinue their 

involvement in the study.  One was non-contactable at the beginning of the second trimester 

despite numerous attempts.  The remaining two women dropped out after the first trimester 

and second sleep education sessions, stating that burden was too great when combined with 

employment commitments and other activities occurring for them at the time.  
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3 SLEEP HEALTH IN PREGNANCY: A SCOPING REVIEW 

Scoped reviews aim to map the existing literature in a field of interest and are commonly 

undertaken to examine the extent, nature, and characteristics of research activity in a topic area 

(Arksey and O'Malley, 2005).  Scoped reviews are useful to summarize and disseminate research 

findings; identify research gaps in the existing literature; and determine the value, potential 

scope and cost of undertaking a full systematic review (Arksey and O'Malley, 2005). 

Both scoped reviews and systematic reviews share the same comprehensive, rigorous and 

transparent methods to identify and examine the relevant literature relating to a research 

question, however scoped and systematic review are performed for different reasons and have 

some key methodological differences.  Firstly, a scoped review aims to present an overview of a 

potentially large and diverse body of literature pertaining to a broad topic, whereas a systematic 

review attempts to present empirical evidence on a focused research question (Arksey and 

O'Malley, 2005).  Secondly, scoped reviews include a greater range of study designs and 

methodologies, while systematic reviews generally address the effectiveness of interventions 

(Arksey and O'Malley, 2005).  And thirdly, scoped reviews provide a descriptive overview of the 

reviewed literature without critically evaluating the design and methodology of individual 

studies, while systematic reviews aim to provide a synthesis of evidence from studies assessed 

for risk of bias (Arksey and O'Malley, 2005).  

Based on this guidance, a scoped review was chosen for Study 1.  Prior to this study, literature 

pertaining to sleep health throughout all trimesters of pregnancy had not been previously 

examined, hence the breadth and nature of previous research was unknown.  Including a range 

of study designs was considered important to understand the extent of the current literature 

and identify gaps in knowledge.  This chapter reports the findings of Study 1. 
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research on sleep health and sleep positioning to better inform women and their health 

providers. Future studies should ensure sample screening criteria are clearly specified and 

women are screened for complications throughout data collection not just at recruitment. 

3.2 Introduction 

For most women, altered sleep is one of a multitude of physiological changes occurring during 

pregnancy.  It is also one of the most noticed changes (Kennedy et al., 2007), and a topic women 

regularly seek information on, yet there is still limited empirical information available on what 

constitutes healthy sleep in each trimester of pregnancy.  This makes it difficult for maternal 

health providers to advise women on what changes are within the range of normal. 

Previous literature suggests there are alterations to sleep duration, the architecture of sleep, 

and perceptions of sleep quality with clear changes occurring from one trimester to the next 

(Brunner et al., 1994; K. A. Lee, Zaffke, et al., 2000; Tsai, Lee, Lin, & Lee, 2016a).  Many studies 

in this area have focused on the possible consequences of altered or disturbed sleep for the 

health of pregnant women and the health of their growing babies.  They have revealed 

important findings, showing for example, that short and/or long sleep duration and/or disturbed 

sleep are risk factors for pre-term birth (Micheli et al., 2011; Okun, Schetter, & Glynn, 2011), 

gestational diabetes (Facco, Grobman, Kramer, Ho, & Zee, 2010; Qiu, Enquobahrie, Frederick, 

Abetew, & Williams, 2010), hypertension (Williams et al., 2010), pre-eclampsia (O'Brien et al., 

2012), increased labor duration and a greater likelihood of caesarean delivery (K. A. Lee & Gay, 

2004).  Poorer antenatal mood and depression (Dørheim, Bjorvatn, & Eberhard-Gran, 2012; 

Okun, Kiewra, et al., 2011; Swanson, Pickett, Flynn, & Armitage, 2011) and poorer postpartum 

mood (Wolfson et al., 2003) have also been associated with disturbed sleep in pregnancy.  These 









 
CHAPTER 3 

123 

to include gestational diabetes, hypertensive disorders (e.g. hypertension and/or pre-

eclampsia/eclampsia) and other health concerns associated with small for gestational age 

infants and pre-term birth.   

3.3.4 Study selection 

Endnote reference management software was used to import and manage references. The 

initial search produced 1946 articles, of which 1218 were duplicates, leaving 728 for initial 

screening.  The titles, abstract and keywords of the 728 identified articles were reviewed by two 

researchers and 503 records were excluded as not relevant to the topic.  Full text records of the 

remaining 225 articles were read by both researchers to assess topic relevance, and a further 57 

articles were excluded. Thirty-nine articles were considered central to the topic and eight 

articles were identified as review papers.  The reference lists of these review papers and key 

articles were reviewed and yielded a further 88 studies (14 were additional review papers and 

the reference lists of these were also screened).   

Careful screening of the participant inclusion/exclusion criteria was completed for 248 articles 

and 224 records were excluded.  This resulted in 24 studies being included in the review.  Figure 

3.1 outlines the study selection pathway.  Throughout the entire process, a conservative 

approach was taken and if there was uncertainty about the inclusion/exclusions criteria, both 

researchers discussed the study and reached consensus. 
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3.3.5 Charting the data 

Data was extracted from the final 24 studies and charted in Excel.  The following information 

was recorded:  Author, year of publication, journal name, geographical location, sample size and 

characteristics, measurement tools, dimension of sleep reported, aims and conclusions.  Table 

3.1 summarises descriptive characteristics of the included studies.

Figure 3.1   Flow diagram of the study selection process 
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Table 3.1  Summary of characteristics of the included studies alphabetically by author (n=24). 
 

Authors n= Trimester 
(gestational week) Participant Characteristics Measure Sleep Parameters Reported Aim/Overview Conclusions 

Baker et al. 
(2016); USA 

172 1st Trimester  

(10-12 wks) 
2nd Trimester (14-
16 wks and 18-20 
wks) 

Parity: Does not specify  
Mean Age: 29.3 ± 4.9 yrs 
Recruitment Setting: Self-referral, 
physician referrals, local 
advertisements, or University 
research registries 
Other characteristics reported: 
BMI, marital status, household 
annual income, education, ethnicity 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI 

OBJECTIVE  
Duration: TST(min)acti 
Continuity/Efficiency: WASO(min)acti, 
SE(%)acti, SOL(min)acti,  
SUBJECTIVE 
Duration: TST(min)diary 
Continuity/Efficiency: WASO(min)diary, 
SE(%)diary, SOL(min)diary 
Satisfaction/Quality:  PSQI (global) 

To examine whether varying 
degrees of exercise were 
associated with better nocturnal 
sleep among pregnant women 
during early gestation. 

Some level of exercise among 
pregnant women appears to be 
more advantageous than no 
exercise at all. 

Brunner et 
al. (1994); 
Switzerland 

9 1st Trimester  
(9-14 wks) 
2nd Trimester (18-
23 wks) 
3rd Trimester  
(32-35 wks) 

Parity: 5 primiparous, 4 
multiparous 
Mean Age: 30.6 ± 2.9 yrs 
Recruitment Setting: University 
Obstetrics Clinic 
Other characteristics reported: Nil 

Objective:  
In-lab PSG 
Subjective:   
Nil 

OBJECTIVE 
Duration: TST(min)psg 
Continuity/Efficiency: SE(%)psg, 
SOL(min)psg, WASO(min)psg 
Other: REM Latency(min)psg, N1(min)psg, 
N2(min)psg, N3(min)psg, N4(min)psg, 
REM(min)psg, SWS sleep(min)psg, 
Movement time(min)psg 

To investigate changes in sleep in 
the course of pregnancy, PSG 
was recorded and analysed in 9 
healthy women on 2 consecutive 
nights during each trimester.  

Documents alterations in EEG 
spectral power that may be 
associated with hormonal 
changes during pregnancy. 

Crowley et 
al. (2016); 
USA 

14 2nd Trimester (21.0 
± 1.0 wks) 

Parity: All primiparous 
Mean Age: 29.9 ± 4.7 yrs 
Recruitment Setting: Community 
Other characteristics reported: 
Ethnicity, education, family income, 
depression history, anxiety history, 
EPDS, STAI 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI 

OBJECTIVE  
Continuity/Efficiency: WASO(min)acti, 
Fragmentation Indexacti, SOL(min)acti  
SUBJECTIVE 
Continuity/Efficiency: SOL(min)diary 
Satisfaction/Quality: PSQI(global) 

Pilot study to examine 
associations among stress-
related physiological factors 
(including GABA-ergic 
neurosteroids) and stress-related 
behavioral indices of anxiety 
during pregnancy. 

Data suggest that cortisol, 
progesterone and ALLO + 
pregnanolone levels in 2nd 
trimester are inversely related to 
negative emotional symptoms 
and the negative impact of acute 
stress challenge appears to exert 
its effects by reducing these 
steroids to further promote 
negative emotional responses.  
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Authors n= Trimester 
(gestational week) Participant Characteristics Measure Sleep Parameters Reported Aim/Overview Conclusions 

Hertz et al. 
(1992); USA 

12 3rd Trimester  

(30-38 wks) 

Parity: 7 primiparous, 5 multiparous 
Mean Age: 30.5 ± 5.1 yrs 
Recruitment Setting: Hospital 
Obstetrics Department 
Other characteristics reported: Nil  

Objective:    
In-lab PSG 
Subjective: SSS  

OBJECTIVE 
Duration: TIB(min)psg, 
TST(nighttime)(min)psg 
Continuity/Efficiency: SE(%)psg, 
SOL(min)psg, WASO(min)psg, No of 
awakeningspsg 
Other: REM Latency(min)psg, 
N1(min)psg, N2(min)psg, N3/4(min)psg, 
REM(min)psg 
SUBJECTIVE 
Alertness/Sleepiness: SSS 
Satisfaction/Quality: Restless Sleep 
Other: Snoring, Bad dreams 

To present a detailed 
investigation of sleep patterns, 
respiration and leg muscle EMG 
of 12 women in third trimester. 

In accordance with subjective 
reports, women in 3rd trimester 
demonstrated PSG patterns of 
sleep maintenance insomnia. 

Hux et al. 
(2017); USA  

103 1st Trimester (12.2 
± 1.1 wks) 

Parity: 63 primiparous, 40 
multiparous 
Mean Age: 29.8 ± 5.0 yrs 
Recruitment Setting: Self-referral, 
physician referrals, local 
advertisements, or university 
research registries 
Other characteristics reported: 
Ethnicity, income, education, 
Socioeconomic score, mean 
gestational age at delivery, preterm 
birth, pre-eclampsia, gestational 
diabetes 

Objective:    
Nil 
Subjective: 
PSQI 

SUBJECTIVE 
Satisfaction/Quality: PSQI(global) 

To validate previously developed 
novel model of Allostatic Load 
(AL) in early pregnancy by 
evaluating associations between 
AL scores and subjective 
measures of stress and proxies of 
chronic stress, including 
race/ethnicity, sleep quality, and 
socioeconomic status. 

Higher AL, measured by the 
pregnancy-specific model, was 
associated with poorer sleep 
quality and lower educational 
attainment, both considered 
chronic stressors. These 
relationships were consistent 
with previous findings in non-
pregnant populations and 
suggest that AL may be useful for 
capturing the physiologic impact 
of chronic stress in early 
pregnancy. 

Lee et al. 
(2000); USA 

31 3rd Trimester  
(35-36 wks) 

Parity: Does not specify 
Mean Age: 31.6 ± 4.5 yrs 
Recruitment Setting: Media 
advertisements, flyers on University 
campus 
Other characteristics reported: 
Annual income, employment status, 
marital satisfaction 

Objective:    
In-home PSG 
Subjective: 
Diary, POMS 

OBJECTIVE 
Duration: TST(nighttime)(min)psg 
Continuity/Efficiency: SE(%)psg, 
Wake(%)psg 
Other: REM Latency(min)psg, N1(%)psg, 
N2(%)psg, SWS(%)psg, REM(%)psg 
SUBJECTIVE 
Other: Fatigue(POMS) 

To test the hypothesis that 
increases in endogenous 
progesterone levels during luteal 
phase of menstrual cycle will 
alter REM sleep and mood state, 
and that decrease in endogenous 
progesterone levels postpartum 
will also alter REM sleep and 
mood state. 

REM sleep and mood state were 
related to low progesterone 
levels during menstrual cycle, but 
postpartum REM sleep and mood 
state were related to increased 
wake time rather than changes in 
progesterone levels. 
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Authors n= Trimester 
(gestational week) Participant Characteristics Measure Sleep Parameters Reported Aim/Overview Conclusions 

Tsai et al. 
(2017); 
Taiwan 

204 1st Trimester (11.8 
± 2.30 wks) 
2nd Trimester (16-
28 wks) 
3rd Trimester (>29 
wks) 

Parity: 107 primiparous, 97 
multiparous 
Mean Age: 32.5 ± 4.0 yrs 
Recruitment Setting: Medical 
centre outpatient obstetric clinic 
Other characteristics reported: 
Marital status, education, weekly 
working hours, BMI,  CES-D 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI, 
ESS 

OBJECTIVE  
Duration: TST(nighttime)(min)acti, 
TST(daytime)(min)acti 
Continuity/Efficiency: WASO(%)acti 
Other: Daytime sleepacti 
SUBJECTIVE 
Alertness/Sleepiness: ESS (global), ESS 
(global>=10) 
Satisfaction/Quality: PSQI (global), PSQI (global>5) 
Other: Snoring(n,%) 

To examine 1st trimester 
maternal characteristics 
associated with persistent and 
new onset daytime sleepiness in 
pregnancy. 

Snoring in the 1st trimester is 
involved in both persistent and 
new-onset daytime sleepiness with 
elevated depressive symptoms 
related to new-onset daytime 
sleepiness. Intervention strategies 
for alleviating daytime sleepiness in 
pregnant women should focus on 
managing snoring and symptoms of 
depression in early pregnancy with 
special attention to primiparous 
and employed women. 

Tsai et al. 
(2012); 
Taiwan 

38 3rd Trimester (32.6 
± 2.8 wks) 

Parity: 38 primiparous 
Mean Age: 32.1 ± 5.1 yrs 
Recruitment Setting: University-
affiliated hospital Other 
characteristics reported: BMI, 
education, working hours per week, 
CES-D 

Objective: 
Actigraphy  
Subjective: 
Diary, PSQI, 
VAS-F  

OBJECTIVE Duration: TST(nighttime)(min)acti 
Continuity/Efficiency: WASO(mins)acti  
SUBJECTIVE 
Duration: TST(min)psqi 

Continuity/Efficiency: SOL(min)psqi 

Timing: Bedtimeacti, Risetimeacti, 

Alertness/Sleepiness: Morning fatigue, Midday 
fatigue, Afternoon fatigue, Evening fatigue 
Satisfaction/Quality: PSQI(global), PSQI(global>5) 
Other: Number days nappedpsqi, Number naps on 
a given daypsqi  

To examine association among 
nighttime sleep and daytime 
napping behaviours, depressive 
symptoms, and perception of 
fatigue in pregnant women. 

Interventions designed to increase 
sleep duration and decrease 
depressive symptoms have the 
potential to prevent, ameliorate, or 
reduce fatigue in pregnant women. 
Depressive symptoms during 
pregnancy likely share some 
psychological and behavioral 
tendencies with fatigue or sleep 
disturbance which may complicate 
evaluation of intervention effect. 

Tsai et al. 
(2016); 
Taiwan 

164 1st Trimester (11.7 
± 2.4 wks) 
2nd Trimester (22.3 
± 2.3 wks) 
3rd Trimester (33.7 
± 2.3 wks) 

Parity: 85 primiparous, 79 
multiparous 
Mean Age: 32.7 ± 4.0 yrs 
Recruitment Setting: University 
affiliated hospital 
Other characteristics reported: 
Education, employment status, pre-
pregnancy BMI 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI 

OBJECTIVE  
Duration: TST(nighttime)(hr)acti, 
TST(daytime)(min)acti 
Continuity/Efficiency: WASO(mins)acti, SE(%)acti 
SUBJECTIVE 
Satisfaction/Quality: PSQI(global), PSQI(global>5) 

To examine cross-sectional and 
longitudinal association between 
sleep and health-related quality 
of life in pregnant women. 

Sleep disturbances are highly 
prevalent and a persistent problem 
in pregnant women. Adequate 
sleep is essential at all pregnancy 
stages and improving nocturnal 
sleep quantity and quality in early 
gestation is important for health-
related quality of life later in 
pregnancy. 
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Authors n= Trimester 
(gestational week) Participant Characteristics Measure Sleep Parameters Reported Aim/Overview Conclusions 

Tsai et al. 
(2013); 
Taiwan 

80 3rd Trimester (32.8 
± 2.7 wks) 

Parity: 80 primiparous 
Mean Age: 31.7 ± 4.6 yrs 
Recruitment Setting: University 
Hospital obstetric clinics 
Other characteristics reported: 
Education years, employment 
status, weekly working hours, BMI, 
CES-D 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI, 
VAS-F (7-item)  

OBJECTIVE Duration: TST(nighttime)(min)acti, 
TST(daytime)(min)acti,  TST(in 24hr)(min)acti, 
Continuity/Efficiency: WASO(min)acti, SE(%)acti, 
FragIndexacti,  
SUBJECTIVE 
Duration: TST(nighttime)(min)diary 
Continuity/Efficiency: Awakeningsdiary 
Satisfaction/Quality: PSQI(global), PSQI(global>5) 
Other: Total naps over 7 daydiary, Number women 
taking > 1 nap on a given daydiary 

To examine temporal association 
of nighttime sleep quality and 
quantity with subsequent 
daytime naps and temporal 
association of daytime naps with 
sleep quality and quantity the 
following night in 3rd trimester. 

Naps during pregnancy might 
indicate insufficient nighttime 
sleep, and longer daytime naps 
could compromise subsequent 
nighttime sleep. Further research is 
needed to determine if short sleep 
duration and longer daytime naps 
are associated with negative 
pregnancy outcomes. 

Tsai et al. 
(2011); 
Taiwan  

30 3rd Trimester (32.9 
± 2.7 wks) 

Parity: 30 primiparous 
Mean Age: 30.8 ± 4.8 yrs 
Recruitment Setting: University 
associated hospital prenatal clinics 
Other characteristics reported: 
BMI, education, daily work hours, 
CES-D 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI 

OBJECTIVE  
Duration: TST(min)acti,  TST(wkend)(min)acti, 
TST(wkday)(min)acti,  
Continuity/Efficiency: WASO(min)acti, 
WASO(wkend)(min)acti, WASO(wkday)(min)acti, 
SE(%)acti, SE(wkend)(%)acti, SE(wkday)(%)acti, 
SOL(min)acti, SOL(wkend)(%)acti, SOL(wkday)(%)acti,  
Timing: Bedtimeacti, Bedtime(wkend)acti, 
Bedtime(wkday)acti, Risetimeacti, Risetime(wkend)acti, 
Risetime(wkday)acti 
SUBJECTIVE 
Duration: Bedtimepsqi, Risetimepsqi,  TIB(hr)psqi, 
TST(hr)psqi 
Continuity/Efficiency: SE(%)psqi, SOL(min)psqi 
Satisfaction/Quality: PSQI(global), PSQI(global>5) 
Other: Number naps/day, Number naps/week, 
Number naps on weekdays, Number naps on 
weekends, Use of sleep enhancement strategies 

To identify sociodemographic, 
lifestyle, and health-related 
factors associated with poor 
sleep quality in women during 
3rd trimester. 

Primiparous women experience 
both objective and subjective sleep 
disturbances, and their sleep 
patterns differ between weekdays 
and weekends during 3rd trimester. 
Maternal sleep patterns may be 
improved by maintaining a regular 
and earlier bedtime, so women 
have more opportunity to obtain 
sufficient nocturnal sleep and 
improve sleep quality. 

Tsai et al. 
(2016); 
Taiwan 

274 3rd Trimester (33.2 
± 2.6 wks) 

Parity: All primiparous 
Mean Age: 31.9 ± 4.1 yrs 
Recruitment Setting: University 
affiliated obstetrics and gynecology 
clinics 
Other characteristics reported: 
Marital status, employment status, 
BMI, caffeine intake, smoking and 
alcohol consumption, education, 
CES-D scores 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI, 
ESS 

OBJECTIVE 
Duration:  TST(nighttime)(min)acti, 
TST(nighttime<6hrs)acti, TST (daytime)(min)acti, 
TST(24hrs)(min)acti, TST(24hrs<7hr)acti 
Continuity/Efficiency: SOL(mins)acti, 
SOL(>30min)acti,  SE(%)acti, SE(<85%)(%)acti 
SUBJECTIVE  
Alertness/Sleepiness: ESS(global), ESS(global>10),  
Satisfaction/Quality: PSQI(global), PSQI(global>5),  
Other: Napping 

To examine objective and self-
reported sleep disturbances and 
symptoms of depression and 
daytime sleepiness in a group of 
healthy pregnant women. 

Both objective nighttime sleep < 6 
hrs and self-reported poor sleep 
quality in healthy 3rd trimester 
pregnant women is associated with 
significant risks for clinical 
depression. Improving sleep may 
reduce depression symptom 
severity and attenuate prevalence 
of depression in pregnant women. 
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Authors n= Trimester 
(gestational week) Participant Characteristics Measure Sleep Parameters Reported Aim/Overview Conclusions 

Tsai et al. 
(2016); 
Taiwan 

197 3rd Trimester (33.2 
± 2.7 wks) 

Parity: All primiparous 
Mean Age: 32.0 ± 4.2 yrs 
Recruitment Setting: Medical 
center 
Other characteristics reported: 
Education, employment hours, 
BMI, CES-D 

Objective: 
Actigraphy  
Subjective: 
Diary, PSQI, 
SHPS  

OBJECTIVE 
Duration:  TST(nighttime)(min)acti,  TST 
variability(nighttime)(min)acti, TST(daytime)(min)acti, 

TST variability(daytime)(min)acti  
Continuity/Efficiency: SOL(min)acti, SOL 
variability(min)acti, WASO(min)acti, WASO 
variability(min)acti 
SUBJECTIVE  
Other: SHPS score 

A descriptive study examining 
associations of sleep hygiene and 
actigraph measures of sleep with 
self-reported sleep quality in 
pregnant women. 

Findings support avoiding 
physically, physiologically, 
emotionally, or cognitively arousing 
activities before bedtime as a 
target for sleep-hygiene 
intervention in pregnant women. 

Tsai et al. 
(2013); 
Taiwan 

120 3rd Trimester (33.7 
± 2.7 wks) 

Parity: 120 primiparous 
Mean Age: 31.3 ± 4.2 yrs 
Recruitment Setting: University 
affiliated hospital 
Other characteristics reported: 
Gestational age at delivery, pre-
pregnancy BMI, CES-D, infant birth 
weight, marital status, education, 
working hours per week, gender of 
infant, labour duration 

Objective: 
Actigraphy 
Subjective: 
Diary, PSQI 

OBJECTIVE  
Duration: TST(nighttime)(hr)acti, 
TST(nighttime<6)(%)acti, TST(daytime)(min)acti, TST(in 
24hr)acti 
Continuity/Efficiency: SE(%)acti, SE(<85%)(%)acti 
Other: Prevalence daytime napping(%) 
SUBJECTIVE 
Duration: TST(nighttime)(hr)psqi 
Continuity/Efficiency: SE(%)psqi 
Satisfaction/Quality: PSQI(global), PSQI(global>5) 

To examine associations of 
nighttime and daytime sleep 
during 3rd trimester with labor 
duration and risk of cesarean 
deliveries. 

There was a beneficial effect of 
sleep on labor duration, suggesting 
that studies of sleep duration 
effects on labor and pregnancy 
outcomes should consider amount 
of both daytime and nighttime 
sleep. 

Tzeng et 
al. 
(2015); 
Taiwan 

139 3rd Trimester 
(36 wks)  

Parity: 53 primiparous, 86 
multiparous 
Mean Age: 33.6 ± 3.8 yrs 
Recruitment Setting: Antenatal 
clinics 
Other characteristics reported: 
Education, employment status, 
prenatal exercise, planned 
pregnancy, anaemia, use of PCA 
(patient-controlled analgesia), use 
of pain medication, pre-pregnancy 
BMI, EPDS 

Objective:    
Nil 
Subjective: 
PSQI, FCF  

SUBJECTIVE 
Duration: TSTpsqi, Duration(subscale)psqi, 

Continuity/Efficiency: SOL(subscale)psqi, 
SOL(mins)psqi, SE(subscale)psqi, SE(%)psqi, 
Disturbances(subscale)psqi 
Alertness/Sleepiness: Daytime Function(subscale)psqi 
Satisfaction/Quality: PSQI (global), 
Quality(subscale)psqi 
Other:  Fatigue(FCF), Sleep medicationpsqi, 
Insomnia(%)psqi 

Two aims: 1) identify distinct 
classes of sleep-disturbance 
trajectories in women 
considering elective cesarean 
from 3rd trimester pregnancy to 
6 months postpartum and 2) 
examine associations of sleep 
trajectories with BMI, depressive 
symptoms, and fatigue scores. 

Women had 3 distinct sleep-
disturbance trajectories before and 
after elective cesarean. These poor-
sleep courses were associated with 
BMI and psychological well-being. 
Findings suggest need to 
continuously assess sleep quality in 
women considering elective 
cesarean and up to 6 months post-
cesarean. 
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3.4 Results 

Studies identified in the scoping review are predominantly from Taiwan (38%) and the USA 

(54%), with only one study from Australia (Brunner et al., 1994) and one from Switzerland 

(Wilson et al., 2011).  In reviewing studies from the same authors or groups of authors, it became 

evident that different studies potentially used the same sample of participating women, 

although this was not always explicitly stated in any publication.  To ensure data from the same 

cohort of participants was not included in the review multiple times, sample sizes and data 

collection time frames (when given) were carefully considered.  In the first instance, data are 

presented from studies with the largest number of participants and the widest timeframe.  Data 

from additional studies, thought to using the same sample of women, are included if different 

sleep variables are provided or if data are presented by sub-groups of women (e.g. those with 

and without insomnia symptoms). 

The majority of studies used well-validated and widely accepted sleep measurement tools.  PSG 

was used in six studies, actigraphy in 14 studies and sleep diary in 17 studies. Subjective sleep 

scales were used in a majority of the studies, with the Pittsburgh Sleep Quality Index (PSQI) being 

the most common (n=14).  The Epworth Sleepiness Scale (ESS) and various forms of the Visual 

Analogue Scale for Fatigue (VAS-F) were used in a limited number of studies (18-item, 13-item 

and 7-item).  The Fatigue Continuum Form (FCF), the Profile of Mood States (POMS) fatigue 

subscale, Insomnia Symptom Questionnaire (ISQ), Stanford Sleepiness Scale (SSS) and the Sleep 

Hygiene Practice Scale (SHPS) were each reported once.  It is important to note that although 

studies may have indicated they used the above tools, authors may have chosen not to present 

data on all measures.   
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Figure 3.2 shows an overview of publication dates of the included studies.  Recent publications 

dominate the review with 71% of the studies published after 2009.  However current literature 

using PSG measures of sleep is limited, with five of the six studies published prior to 2000 and 

the sixth study was published in 2011.  The six actigraphy studies are more current (range 2011-

2016), however, all are published by Tsai and colleagues.  

 

Sleep data are centred around the third trimester with 17 articles providing data from this 

gestational period.  Ten articles report on first trimester, while only eight articles report on the 

second trimester.  Six studies span two trimesters, while only three studies provide data from 

all three trimesters (Brunner et al., 1994; Tsai, Lee, Lin, et al., 2016a, 2016b). 

As seen in Figure 3.3, most articles report on sleep efficiency/continuity (42%) and sleep 

duration (24%).  Data are limited for other dimensions of sleep including quality, timing and 

alertness/sleepiness.  Over 50% of the data comes from five measures of sleep; nighttime TST, 

sleep efficiency, sleep onset latency, wake after sleep onset and PSQI scores. 

Figure 3.2  Number of publications over the past 25 years. 
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3.4.1 Duration 

There are PSG, actigraphy and self-report data available on the duration of nighttime sleep in 

each trimester of pregnancy (see Table 3.2).  Mean polysomnographic and actigraphic nighttime 

TST values are on average less than seven hours, with standard deviations of approximately one 

hour.  At each trimester, self-reported TST is longer than PSG and actigraphic TST, with women 

Figure 3.3  Hierarchical representation of reported sleep parameters from included studies. 
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reporting sleep durations over seven hours on average, particularly in the first and second 

trimester.  In the third trimester, self-reported TST is similar to PSG and actigraphic measured 

sleep duration.  There is limited actigraphic and subjective data on the amount of time pregnant 

women spend in bed at night, which on average is over eight hours. 

 
Table 3.2  Sleep duration in each trimester as reported for night-time and day-time 

periods, in studies using PSG, actigraphy and self-reported measures 
(Brunner et al., 1994; Ebert, Wood, & Okun, 2015; Elek, Hudson, & Fleck, 
1997; Haney et al., 2014; Hertz et al., 1992; K. A. Lee, McEnany, & Zaffke, 
2000; K. A. Lee, Zaffke, et al., 2000; Okun, Buysse, & Hall, 2015; Tsai et al., 
2011; Tsai, Kuo, Lee, Lee, & Landis, 2013; Tsai, Lee, Wu, et al., 2016; Tsai, Lee, 
Lin, et al., 2016a, 2016b; Tsai, Lin, Kuo, Lee, & Landis, 2013; Tsai, Lin, Kuo, & 
Thomas, 2012; Tsai, Lin, et al., 2016; Tzeng, Chen, Chen, Wang, & Kuo, 2015; 
Wilson et al., 2011; Wolfson et al., 2003). 

 
 

 1st trimester 2nd trimester 3rd trimester 

Measure Mean ± SD Mean ± SD Mean ± SD 

PSG TIB (mins) (no data) (no data) 462 ± 52  

Actigraphy TIB 
(mins) 

478 ± 43  (with insomnia) 
483 ± 49  (no insomnia) 

(no data) (no data) 

Self-report TIB 
(mins) 

509 ± 39  (with insomnia) 
508 ± 53  (no insomnia) 

(no data) 493 ± 70  

PSG TST (mins) 389 ± 10* 
446 ± 66  

401 ± 15          
 

370-415 ± 59-65           
430 ± 33  (negative 
postpartum affect) 
412 ± 69  (positive 
postpartum affect) 

Actigraphy TST 
(mins) 

390-412 ± 54-64   
380 ± 64  (frequent 
nappers) 
439 ± 45  (non-nappers) 
400 ± 60  (short nappers) 
372 ± 66  (long nappers) 
394 ± 65  (with insomnia) 
365 ± 69  (no insomnia)  

396-398 ± 50-51  
383 ± 53  (frequent 
nappers) 
422 ± 51  (non-nappers) 
405 ± 47  (short nappers) 
381 ± 56  (long nappers) 
 
 

386-394 ± 52-61               
441 ± 61  (frequent 
nappers) 
476 ± 55  (non-
nappers) 
388 ± 52  (good 
sleeper) 
390 ± 47  (poor 
sleeper) 
388 ± 45  (vaginal 
delivery) 
406 ± 58  (cesarean 
delivery) 
376 ± 54  (frequent 
nappers) 
411 ± 54  (infrequent 
nappers) 
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Self-report TST 
(mins) 

461 ± 52  
450 ± 49  (frequent 
nappers) 
474 ± 46  (non-nappers) 
464 ± 49  (short nappers) 
455 ± 57  (long nappers) 
444 ± 55  (with insomnia) 
466 ± 52  (no insomnia) 

454 ± 54  
441 ± 61  (frequent 
nappers) 
476 ± 55  (non-nappers) 
462 ± 48  (short nappers) 
439 ± 65  (long nappers) 
               

408-454 ± 56-92                    
375 ± 63  (weekdays) 
414 ± 72  (weekends) 
417 ± 74  (vaginal 
delivery) 
398 ± 80  (cesarean 
delivery) 
 

Actigraphy 
Daytime TST 
(mins) 

42 ± 33   
97 ± 60  (moderate 
nappers) 
82 ± 29  (frequent 
nappers)  

34 ± 26  
83 ± 36  (moderate 
nappers) 
91 ± 37  (frequent 
nappers) 

49-84 ± 51-52  
46 ± 46  (good sleeper) 
38 ± 34  (poor sleeper) 
42 ± 36  (vaginal 
delivery) 
41 ± 57  (cesarean 
delivery) 
75 ± 60  (frequent 
nappers) 
22 ± 15  (infrequent 
nappers) 

Self-report 
Daytime TST 
(mins) 

83 ± 46  (moderate 
nappers) 
93 ± 48  (frequent 
nappers) 

78 ± 41  (moderate 
nappers) 
104 ± 59  (frequent 
nappers) 

18 ± 5* 

Actigraphy 24-hr 
TST (mins) 

(no data) (no data) 435-442 ± 57-58  
430 ± 51  (vaginal 
delivery) 
448 ± 64  (cesarean 
delivery) 
451 ± 58  (frequent 
nappers) 
433 ± 58  (infrequent 
nappers) 

TST <8hrs  71% (PSG, nighttime TST) (no data) 74% (PSG, nighttime 
TST) 

TST <7hrs  38% (Actigraphy, 
nighttime TST) 
24% (Diary, nighttime TST) 

25% (Actigraphy, 
nighttime TST) 
26% (Diary, nighttime 
TST) 

42% (actigraphy, 24hr 
TST) 

TST <6hrs (no data) (no data) 26% (actigraphy, 
nighttime TST) 

PSG %TST in 
supine 

41 ± 24  (no data) 19 ± 15  

*SEM rather than SD 
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Detail on the percentage of time and number of minutes spent in the different stages of sleep 

and wake, REM latency and movement time can be found in Table 3.3.  With the exception of 

N1 light sleep, the amount of time spent in the different stages of sleep is markedly different 

from one study to the next. 

 

Table 3.3  Sleep stages, REM latency and movement time in each trimester, measured 
by PSG (Brunner et al., 1994; Hertz et al., 1992; K. A. Lee, Zaffke, et al., 2000; 
Wilson et al., 2011). 

 
 1st trimester 2nd trimester 3rd trimester 

 Mean ± SD (% sleep) Mean ± SD (% sleep) Mean ± SD (% sleep) 

N1 (mins) 34 ± 4* 
30 ± 16 

 
(3 ± 1%) 

31 ± 4* 
 

(no data) 36 ± 5* 
35 ± 15 

 
(4 ± 1%)  
(19 ± 13%) 

N2 (mins) 215 ± 14* 
166 ± 44 

 
(54 ± 6%) 

234 ± 17* 
 

(no data) 221 ± 14* 
162 ± 41 

 
(56 ± 6%)  
(55 ± 14%) 

N3 (mins) 40 ± 4* 
85 ± 38 

 
(9 ± 3%)# 

39 ± 3* 
 

(no data) 36  ± 3* 
67 ± 28 

 
(8 ± 4%)#    

(12 ± 3%)# 

N4 (mins) 20 ± 4* 
62 ± 27 

(no data) 24 ± 5* (no data) 18 ± 6* 
55 ± 24 

(no data) 

REM (mins) 80 ± 2* 
64 ± 16 

 
(24 ± 5%) 

73 ± 43* 
 

(no data) 71 ± 6* 
60 ± 23 

 
(21 ± 5%)   
(14 ± 4%) 

REM Latency 
(mins) 

  79 ± 8* 
118 ± 61  
  74 ± 26  

(no data) 70 ± 43* (no data)   65 ± 3* 
125 ± 51  
126 ± 55  

(no data) 

Wake (mins) (no data) (9 ± 6%) (no data) (no data) (no data) (11 ± 6%) 

Movement 
Time (mins) 

10 ± 1* (no data) 11 ± 41* (no data) 11 ± 1* (no data) 

*SEM rather than SD; # Combined N3 & N4 

 

Daytime nap duration is reported in Table 3.2, with average durations ranging widely from 

approximately 20 minutes to over 100 minutes, depending on the study.  Three studies describe 

the frequency of napping in the third trimester (Tsai et al., 2011; Tsai, Lin, et al., 2013; Tsai et 
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al., 2012).  The first study reports the prevalence of daytime napping as 97.5% (Tsai, Lin, et al., 

2013), while a second describes 50% of their cohort napping on 4 days or more (21% on four to 

five days and 29% napping on six to seven days) (Tsai et al., 2012) and the third study reported 

that the average number of naps per week was 4 ± 3, with 0.64 ± 0.45 naps on weekdays and 

0.53 ± 0.45 naps on weekends (Tsai et al., 2011).  There is a small amount of data on TST in 24 

hours, but only in the third trimester, and values average seven hours (see Table 3.2).  Some 

studies also reported the proportion of women obtaining <8, <7 and <6 hours sleep per night 

(see Table 3.2) and a single study reported on the percentage of time women spent in the supine 

position, dropping from nearly half the night in the first trimester to 20% of the night in the third 

trimester (Wilson et al., 2011).  Together this information demonstrates that during a healthy 

pregnancy both nighttime and daytime sleep duration is highly variable from one woman to the 

next. 

3.4.2 Continuity/sleep efficiency (SE) 

Compared to other dimensions of sleep, there is a large amount of data available on 

continuity/sleep efficiency (SE) (see Table 3.4).  Objective SE measured using both PSG and 

actigraphy range from 71-91% while subjective values of SE have a narrower range (83-91%).  

PSG WASO values (in mins) are highest in the third trimester, but one study that reports WASO 

(% of sleep) showed little difference between the first and third trimesters (K. A. Lee, Zaffke, et 

al., 2000).  WASO (in mins) is generally lowest in the third trimester when measured by 

actigraphy. When measured by self-report, WASO values (in mins) are lower than either PSG or 

actigraphically determined WASO.  Objective and subjective reports of SOL were similar, ranging 

from 10-27 mins with a SD of up to 23 min.  As with sleep duration, the data indicates how 

variable sleep is between studies and between women. 
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Table 3.4  Continuity/Sleep Efficiency in each trimester reported by SE, WASO and SOL, 
in studies using PSG, actigraphy and self-reported measures (Baker, Okun, 
Rothenberger, & Kline, 2016; Brunner et al., 1994; Crowley et al., 2016; Ebert 
et al., 2015; Haney et al., 2014; Hertz et al., 1992; K. A. Lee, McEnany, et al., 
2000; K. A. Lee, Zaffke, et al., 2000; Okun et al., 2015; Strange, Parker, 
Moore, Strickland, & Bliwise, 2009; Tsai et al., 2011; Tsai, Kuo, et al., 2013; 
Tsai, Lee, Wu, et al., 2016; Tsai, Lee, Lin, et al., 2016a; Tsai, Lin, et al., 2013; 
Tsai et al., 2012; Tsai, Lin, et al., 2016; Tzeng et al., 2015; Waters & Lee, 1996; 
Wilson et al., 2011; Wolfson et al., 2003). 

 
 1st trimester 2nd trimester 3rd trimester 

Measure Mean ± SD Mean ± SD Mean ± SD 

PSG SE (%) 85-91 ± 6-8  
87 ± 2* 
84 ± 7  (primiparous)  
86 ± 9  (multiparous) 

88 ± 3* 78-89 ± 6-14  
75 ± 15  (primiparous)  
86 ± 8  (multiparous) 
90 ± 4  (primigravidae)  
87 ± 7  (multigravidae) 
90 ± 6  (negative 
postpartum affect) 
89 ± 6  (positive 
postpartum affect) 

Actigraphy SE 
(%) 

82 ± 7  
74 ± 13  (inactive)  
76 ± 12  (insufficiently 
active) 
76 ± 12  (sufficiently active) 
76 ± 12  (frequent nappers) 
82 ± 7  (non-nappers) 
78 ± 10  (short nappers) 
74 ± 11  (long nappers) 
71 ± 13  (with insomnia) 
77 ± 11  (no insomnia) 

83 ± 6  
78 ± 9  (inactive)  
81 ± 8  (insufficiently 
active) 
79 ± 8  (sufficiently active) 
80 ± 9  (frequent nappers) 
80 ± 6  (non-nappers) 
80 ± 7  (short nappers) 
78 ± 9  (long nappers) 
 

80-81 ± 6-7  
81 ± 6  (vaginal delivery) 
82 ± 5  (cesarean delivery) 
80 ± 6  (frequent nappers) 
82 ± 6  (infrequent 
nappers) 
80 ± 7  (weekdays) 
80 ± 8  (weekends) 
 

Self-report SE 
(%) 

87 ± 7  (frequent nappers) 
89 ± 4  (non-nappers) 
89 ± 6  (short nappers) 
85 ± 6  (long nappers) 
87 ± 8  (with insomnia) 
91 ± 5  (no insomnia) 

86 ± 13  
88 ± 6  (frequent nappers) 
89 ± 5  (non-nappers) 
90 ± 5  (short nappers) 
89 ± 8  (long nappers) 
 

83-87 ± 13-19 
87 ± 13  (vaginal delivery) 
82 ± 13  (cesarean 
delivery) 
 

SE <85% (no data) (no data) 67% (actigraphy) 

PSG WASO 
(mins) 

49 ± 36  
33 ± 10* 
55 ± 36  (primiparous)  
45 ± 36  (multiparous) 

23 ± 5* 
 

62-80 ± 37-44  
58 ± 6* 
77 ± 38  (primiparous)  
44 ± 27  (multiparous) 



CHAPTER 3 

141 

Actigraphy 
WASO (mins) 

91 ± 57  
86 ± 54  (frequent nappers) 
73 ± 33  (non-nappers) 
88 ± 59  (short nappers) 
97 ± 54  (long nappers) 
113 ± 58  (with insomnia) 
91 ± 59  (no insomnia) 

28-72 ± 10-38  
70 ± 40  (frequent 
nappers) 
69 ± 25  (non-nappers) 
70 ± 31  (short nappers) 
76 ± 45  (long nappers) 

54 ± 27  
57 ± 21  (good sleeper) 
54 ± 23  (poor sleeper) 
53 ± 19  (frequent 
nappers) 
56 ± 21  (infrequent 
nappers) 
53 ± 21  (weekdays) 
56 ± 28  (weekends) 

Self-report 
WASO (mins) 

24 ± 18  
24 ± 18  (frequent nappers) 
16 ± 12  (non-nappers) 
24 ± 19  (short nappers) 
25 ± 17  (long nappers) 
38 ± 22  (with insomnia) 
23 ± 17  (no insomnia) 

20 ± 14  
20 ± 14  (frequent 
nappers) 
19 ± 12  (non-nappers) 
20 ± 14  (short nappers) 
20 ± 18  (long nappers) 
 

(no data) 

WASO >=30min 98% (actigraphy) (no data) (no data) 

PSG SOL (mins) 11 ± 8  (to stage 2) 
20 ± 4*(to stage 2) 
20 ± 17  (3 consecutive 
stages of sleep) 

22 ± 8*(to stage 2) 
 

14 ± 12*(to stage 1) 
13 ± 11  (to stage 2) 
25 ± 4*(to stage 2) 
18 ± 13  (no criteria) 

Actigraphy SOL 
(mins) 

15 ± 11   
15 ± 13  (frequent nappers) 
11 ± 6  (non-nappers) 
12 ± 9  (short nappers) 
19 ± 14  (long nappers) 
15 ± 9  (with insomnia) 
15 ± 12  (no insomnia) 

10-13 ± 6-10   
 

22 ± 16-21   
23 ± 20  (weekdays) 
21 ± 17  (weekends) 

Self-report SOL 
(mins) 

20 ± 15  
20 ± 17  (frequent nappers) 
17 ± 8  (non-nappers) 
17 ± 12  (short nappers) 
25 ± 18  (long nappers) 
27 ± 21  (with insomnia) 
20 ± 14  (no insomnia) 

16-27 ± 13-17   
 

23-27 ± 3-23   
 

SOL >20min 37% (actigraphy) (no data) 44% (self-report) 
(37% difficulty getting to 
sleep & 63% difficulty 
falling asleep after waking) 

SOL >30min (no data) (no data) 23% (actigraphy) 

*SEM rather than SD 
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awakenings per nights (Wilson et al., 2011).  This same study also provides information on the 

primary causes of the awakenings, with the need to urinate and feeling uncomfortable as the 

most prevalent.  Women have also reported almost an hour of sleep disruptions per night (59 

mins ± 6 SEM) (Wolfson et al., 2003). 

Only one study has reported on snoring in the third trimester, with 42% of women reporting 

that they never snored, 58% reporting they sometimes snored and 0% reporting they always 

snored (Hertz et al., 1992).  This same study reported on the percentage of women reporting 

restless sleep (17% never, 50% sometimes, 33% always) and bad dreams (25% never, 75% 

sometimes, 0% always). 

3.4.4 Timing 

This review yielded three studies on sleep timing in pregnancy, measured with actigraphy and 

diary self-reports in the first and third trimester (see Table 3.5).  In the first trimester, actigraphy 

and self-report bedtime were after 23:00. There is no information on rise times. On average in 

the third trimester, bedtime and sleep onset was after midnight on both weekdays and 

weekends and average wake times ranged between 6:50am and nearly 8:00am on weekdays 

and later on the weekend. For all timing values SDs were greater than 60 mins. 
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Table 3.5  Sleep timing in each trimester as measured by actigraphy (bedtime, onset 
and offset) and self-report (bedtime and wake time) (Okun et al., 2015; Tsai 
et al., 2011; Wolfson et al., 2003). 

 
 1st trimester 2nd trimester 3rd trimester 

Measure Mean Time ± SD (min) Mean Time ± SD (min) Mean Time ± SD (min) 

Actigraphy 
Bedtime 

23:24 ± 72  (with 
insomnia) 
23:15 ± 65  (no insomnia) 

(no data) (no data) 

Self-Report 
Bedtime 

23:12 ± 60  (with 
insomnia) 
23:19 ± 61  (no insomnia) 

(no data) 00:24 ± 150  
22:43 ± 7* 

Self-Report 
Wake time 

(no data) (no data) 7:46 ± 78  
6:50 ± 9* 

Actigraphy 
Onset 

(no data) (no data) 00:30 ± 60  (week) 
00:28 ± 60  (weekdays) 
00:39 ± 72  (weekends) 

Actigraphy 
Offset 

(no data) (no data) 7:55 ± 72  (week) 
7:37 ± 72  (weekdays) 
8:30 ± 84  (weekends) 

*SEM rather than SD 

 

3.4.5 Alertness/sleepiness  

Data on alertness/sleepiness is limited (see Table 3.6).  In the first and second trimester, daytime 

sleepiness and alertness was primarily measured using the ESS, with approximately a third of 

pregnant women reporting excessive daytime sleepiness. Similar proportions of women 

reported excessive daytime sleepiness in the third trimester. Measures of fatigue (using a visual 

analogue scale) were also utilised in studies focused on the third trimester, however, due to 

differences in the construction of each scale it is difficult to compare or summarise findings from 

these studies.   
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3.4.6 Satisfaction/quality  

Perceived sleep satisfaction and quality were all measured using the PSQI, with average scores 

>5 in first and third trimester across all studies, and slightly lower averages in the second 

trimester.  The proportion of women with PSQI scores >5 was approximately 40% in the first and 

second trimesters. In the third trimester, proportions with scores >5 were higher and ranged 

from 45-76% depending on how groups of women were defined. Table 3.7 details the measures 

and findings relating to perceived satisfaction and quality of sleep. 

 
Table 3.7  Sleep quality in each trimester, using the PSQI, ISQ and the SHPS (Baker et 

al., 2016; Crowley et al., 2016; Hux, Roberts, & Okun, 2017; Okun et al., 2015; 
Strange et al., 2009; Tsai, Kuo, et al., 2013; Tsai, Lee, Wu, et al., 2016; Tsai, 
Lee, Lin, et al., 2016a, 2016b; Tsai, Lin, et al., 2013; Tsai et al., 2012; Tsai, Lin, 
et al., 2016; Tzeng et al., 2015). 

 
 1st trimester 2nd trimester 3rd trimester 

Measure Mean ± SD or % Mean ± SD or % Mean ± SD or % 

PSQI 
(global) 

5.4-5.6 ± 2.4-2.5  5.2-6.7 ± 2.7-3.1  
4.9 ± 2.6  (inactive)  
4.2 ± 2.3  (insufficiently 
active) 
4.0 ± 2.4  (sufficiently active) 

5.7-8.4 ± 2.8-3.7  
5.8 ± 3.2  (vaginal delivery) 
6.7 ± 3.3  (cesarean delivery) 
7.9 ± 3.4  (frequent nappers) 
5.2 ± 3.3  (infrequent nappers) 

PSQI global 
>5 (%) 

45% 37% 45-66% 
48% (vaginal delivery) 
66% (cesarean delivery) 
76% (frequent nappers) 
36% (infrequent nappers) 

ISQ (met 
criteria) (%) 

13%   

SHPS 
(global) 

  63.3 ± 11.7  
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3.5 Discussion 

A scoping review was used to collect and summarise the available research evidence on healthy 

sleep in each trimester of pregnancy.  Consultation with maternal health providers confirmed 

the need for empirical information on this issue and although findings show that some data are 

available for most dimensions of healthy sleep in each trimester, information is relatively 

limited.  The growth in the number of studies published on this topic since 2011 points to an 

increased awareness of the importance of healthy sleep in pregnancy and to an increased need 

for information on the topic from pregnant women and their health providers. 

Most of the available data on healthy sleep in pregnancy focuses on sleep duration, the 

architecture of sleep, and sleep continuity/efficiency.  There is limited information on daytime 

sleepiness and alertness, and on subjective perceptions of sleep satisfaction and quality.  Very 

little information is available on sleep timing.  Recent literature points to the importance of 

stable sleep timing in health (Landhuis, Poulton, Welch, & Hancox, 2008), but we know little 

about how sleep timing might change across pregnancy and what the consequences may be for 

maternal and child health.  This is certainly an area deserving of further research attention.   

Another aspect of sleep, potentially relevant to sleep health during pregnancy, is the position in 

which women slept.  Position was only reported in one of the studies included in this review.  

Given the possible relationship between sleep position and stillbirth (Cronin et al., 2017; Gordon 

et al., 2015; Stacey et al., 2011) position is an important aspect of sleep that should be described 

for pregnant women, and one which women and health care providers are seeking information.   

This study did not aim to compare dimensions of healthy sleep across trimesters. However, 

several longitudinal studies were identified.  PSG recorded TST in a laboratory setting was similar 

across all three trimesters (Brunner et al., 1994), whereas PSG recording in the home indicated 
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4.3.2.3 Mental Health Measures 

Depressive symptoms were measured by the 10-item Edinburgh Postnatal Depression Scale 

(EPDS) at T1 and T2, with scores at or above 13 considered clinically significant (Cox et al., 1987; 

National Collaborating Centre for Mental Health, 2014).  The EPDS is a screening tool used 

internationally to detect depressive symptomatology in women during pregnancy and postnatal 

periods.  While validated for use in pregnancy and postnatally (Kozinszky & Dudas, 2015), the 

EPDS has not been used extensively beyond one year post birth.  For this reason, the 10-item 

Kessler (K-10, using a 0-4 Likert scale) was used to identify psychological distress at T3.  The K-

10 was developed for use in the US National Health Interview Survey and has been used in the 

annual New Zealand Health Survey since 2006-07 (New Zealand Ministry of Health, 2006) and 

the New Zealand Mental Health Survey since 2003/04, with scores of 12 or more strongly 

associated with having a depressive disorder in the previous month and in the previous year 

(Oakley Browne, Wells, Scott, & McGee, 2010).   

Even though depressive symptoms were assessed using different scales, both the EDPS and K-

10 cut-offs are recognised as indicating clinically significant depressive symptoms.  In the 

trajectory analysis described below, a binary variable (having clinically significant depressive 

symptoms or not) was used. 

4.3.3 Statistical analysis 

Latent Class Analysis (LCA) is an advanced statistical approach for identifying discrete subgroups 

of participants within a study cohort.  Classes (or groups) are not directly observable, they are 

dormant, hence the term latent (Roeder, Lynch, & Nagin, 1999).  LCA is similar to factor or cluster 

analysis, in that it classifies participants into mutually exclusive and exhaustive subgroups based 

on observed patterns in the data.  Furthermore, LCA is person-orientated rather than variable-
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4.4.5 Sleep variables associated with chronic high trajectory group 

The association between sleep dimensions and trajectory group membership was also 

investigated.  In these models, the sleep dimensions were modelled as continuous variables, so 

the odds ratios are interpreted as the likelihood of being in the CH group, per unit change in the 

sleep subscale (for example, at T1 every additional night per week a women reported difficulty 

getting to sleep, increased the odds of being in the CH group by 21%).  As can be seen in Table 

4.4, at all three time points, poorer sleep quality, reduced sleep continuity and latency and 

greater day time sleepiness increased the odds of being in the CH group.  After adjusting for age, 

ethnicity, partner relationship, history of depression and stressful life events, all associations 

remained significant, with the exception of daytime sleepiness at T3.  No association was found 

between sleep duration and depression trajectory group in either the crude or adjusted models. 
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Table 4.4  Sleep variables associated with the CH trajectory group.  Adjusted for socio-demographic variables (age, ethnicity, relationship with 
partner, history of depression, NZDep and PRAMS SLEs) 

  n Crude OR 95% CI Adjusted OR 95% CI 

T1 (36 weeks gestation)      

Duration (24 hr TST) 822 0.96 0.83 to 1.12 0.92 0.78 to 1.07 

Quality (GSDS Quality Subscale) 820 1.30 1.11 to 1.53 1.27 1.06 to 1.52 

Continuity (GSDS Maint. Insom. Subscale) 823 1.35 1.12 to 1.62 1.35 1.12 to 1.63 

Daytime Sleepiness (Epworth Sleepiness Scale) 810 1.12 1.06 to 1.19 1.11 1.04 to 1.18 

Latency (GSDS Onset Insom. Subscale) 826 1.30 1.17 to 1.44 1.21 1.08 to 1.35 

T2 (12 weeks postnatal)      

Duration (24 hr TST) 813 0.99 0.82 to 1.18 0.93 0.77 to 1.13 

Quality (GSDS Quality Subscale) 821 1.35 1.17 to 1.57 1.32 1.12 to 1.55 

Continuity (GSDS Maint. Insom. Subscale) 823 1.13 1.01 to 1.26 1.12 0.99 to 1.26 

Daytime Sleepiness (Epworth Sleepiness Scale) 809 1.08 1.02 to 1.14 1.05 0.99 to 1.12 

Latency per unit (GSDS Onset Insom. Subscale) 823 1.35 1.20 to 1.52 1.28 1.12 to 1.46 

T3 (three years post birth)      

Duration (24 hr TST) 788 0.92 0.73 to 1.16 0.79 0.65 to 1.07 

Quality (GSDS Quality Subscale) 798 1.40 1.19 to 1.65 1.35 1.15 to 1.63 

Continuity (GSDS Maint. Insom. Subscale) 791 1.23 1.07 to 1.40 1.22 1.08 to 1.44 

Daytime Sleepiness (Epworth Sleepiness Scale) 787 1.06 0.99 to 1.14 1.05 0.97 to 1.13 

Latency per unit (GSDS Onset Insom. Subscale) 796 1.31 1.16 to 1.48 1.18 1.04 to 1.37 
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Methods:  An individualised sleep education program was developed, and participants engaged 

in three trimester specific sleep education sessions.  Feasibility and acceptability were 

determined via recruitment and retention rates and participant feedback.  Depressive 

symptoms and sleep were measured at five time points throughout the study.   

Results:  22 women enrolled in the study and 15 completed the intervention.  Participants 

reported the intervention as highly acceptable.  There was minimal change in all dimensions of 

sleep across pregnancy, but sleep measures were significantly worse at six weeks postpartum 

and improved by 12 weeks postpartum.  Depressive symptoms were significantly lower at the 

conclusion of the intervention and 12 weeks postpartum compared to trimester 1.   

Conclusions:  This sleep education program appears feasible, acceptable and may be effective 

in minimising depressive symptoms in pregnant women with a history of depression.  Trials with 

larger and more diverse samples are warranted and further studies to ascertain efficacy should 

be undertaken with a control group. 

Keywords:  Sleep, depression, pregnancy, trimester, intervention 

5.2 Introduction 

Having a baby is often perceived as a positive and celebrated life event for most women, but not 

for all.   One in five women will experience significant depressive symptoms during pregnancy 

(Marcus et al., 2003; Yonkers, Wisner, et al., 2009) and the negative individual and societal 

impacts of perinatal depression are extensive, both in the short and long term (Stein et al., 

2014).  These include maternal suicide (Oates, 2003), adverse pregnancy, birth and infant 

outcomes (Accortt, Cheadle, & Dunkel Schetter, 2014; Stein et al., 2014), and difficulties in 

establishing the mother-infant relationship (Campbell et al., 2004; Hairston et al., 2016).  Long 
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term impacts include poorer cognitive development and behavioural problems in the child 

(Bernard-Bonnin, 2004) as well as greater risk of future depressive episodes for both the mother 

and child (Luoma, Korhonen, Salmelin, Helminen, & Tamminena, 2015; Pearson et al., 2013).   

A history of depression is the most consistent predictor of perinatal depression (Faisal-Cury & 

Menezes, 2012; Jeong et al., 2013).  Poor sleep is also a consistent predictor of perinatal 

depression and with profound physiological, psychological and hormonal changes occurring in 

pregnancy, sleep disruption is experienced by a majority of pregnant women (Howe et al., 2015; 

Mellor et al., 2014).  There is considerable evidence that sleep and depression are linked in 

pregnancy (Peterson & Benca, 2008) and likely share a reciprocal causal relationship (Fang, Tu, 

Sheng, & Shao, 2019).  This relationship has been established across all perinatal time points, 

with cross-sectional and longitudinal studies demonstrating that insufficient and poor sleep 

quality is associated with elevated depressive symptoms at the same time point (Jomeen & 

Martin, 2007; Sattler et al., 2017).  Additionally, poor sleep in early pregnancy predicts 

worsening depressive symptoms in later pregnancy (Eichler et al., 2019; Skouteris, Wertheim, 

Germano, et al., 2009) and poor sleep in late pregnancy presents an increased risk of postpartum 

depression (Tomfohr et al., 2015; Wolfson et al., 2003).  Only a few studies have investigated 

depression in early pregnancy and these show an increased vulnerability in the first trimester 

compared to later in pregnancy (Fan et al., 2009; Teixeira, Figueiredo, Conde, Pacheco, & Costa, 

2009; Truijens et al., 2017) and for women who become depressed early in pregnancy, an 

increased risk of postpartum depression (Skouteris, Wertheim, Rallis, Milgrom, & Paxton, 2009; 

Truijens et al., 2017). 

The first trimester is a window of opportunity to predict and prevent many pregnancy 

complications (Poon et al., 2018) including the early detection of both poor sleep and depressive 

symptoms.  Early detection is important but even more so are effective interventions to improve 
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5.3.2 Sample 

Women were recruited from the Greater Wellington area or Palmerston North, New Zealand 

through advertisements in medical centres, midwifery clinics, mental health clinics, hospitals, 

parent and community centres, libraries, schools, crèches/kindergartens, supermarkets, 

community fairs, and various social and traditional media channels.  Presentations were also 

given to hospital staff, midwifery groups, continuing medical education (CME) workshops and 

fertility clinics to encourage medical professionals to refer patients/clients.    

Eligible participants had a history of previously diagnosed depression but were currently non-

symptomatic and had been medication-free for at least three months prior to study enrolment.  

They were at or less than 14 weeks pregnant, nulliparous, had a singleton pregnancy and were 

at least 16 years of age and proficient in English.  They were also required to have a primary 

health care provider and no children under three years of age living in the home.  Participants 

were excluded if they had a diagnosed sleep disorder, medical condition or mental health 

disorder (other than depression) known to be associated with sleep abnormalities. 

Figure 5.1  Study design for Sleep HAPi 
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5.3.3 Procedure 

Written consent was obtained prior to study commencement and ongoing consent and 

screening for symptoms of depression was completed at each time point.  As required for ethical 

approval, a protocol was in place for participants reporting elevated depressive symptoms or 

thoughts of self-harm, which included women providing consent for the researchers to notify 

their doctor or lead maternity carer (LMC).  Women received a $50 gift card at the end of the 

pregnancy component and a further $20 gift card at the conclusion of the study. 

At study commencement the participants filled out a retrospective pre-pregnancy sleep 

questionnaire and received instructions on using the actigraph and sleep diary.  At T1, T2 and T3 

participants completed further questionnaires and their sleep was recorded and assessed using 

actigraphy and sleep diaries over seven nights.  Actigraphs, diaries and questionnaires were 

either delivered by the researcher (to home or work addresses) or provided at education 

sessions.  Analysed actigraphy and questionnaire data were presented to the participant at the 

education sessions (see below for details).  Immediately after the education sessions, a further 

seven days of actigraphy data and sleep diary recordings were collected.  At P1 and P2, only 

sleep and mental health questionnaires were completed were completed (using post and reply-

paid envelopes).  The first education session (T1) was 60-90 minutes in duration and sessions at 

T2 and T3 lasted 45-60 minutes.  

At the completion of the pregnancy component of the study, participants filled out a feedback 

questionnaire, requesting information on their sleep knowledge, the structure, content and 

helpfulness of the intervention and views on their participation.   
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5.3.7 Ethical approval 

The study was approved by the Massey University Human Ethics Committee:  Human Ethics 

Southern A Committee (SOA 16/29).    It was reviewed and registered with the Australian and 

New Zealand Clinical Trials Registry (ACTRN12617000055303).   

5.4 Results 

5.4.1 Participants 

Over a 12-month period from February 2017 to February 2018, 53 women responded to the 

recruitment advertisements. Twenty-two were screened and accepted into the study.  Six 

withdrew and one was excluded, resulting in 15 participants completing the study (see figure 

5.2). 

Participants ranged from 28 to 34 years of age.  All were of New Zealand European ethnicity, 

had a history of depression, did not report smoking nor recreational drugs consumption 

throughout the study and were not employed in shift work.  Five women had required assisted 

reproductive technology (ART) to become pregnant, four had previously miscarried and for 13 

of the women this was a planned pregnancy.   
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One had finished secondary schooling while 14 were tertiary qualified.  Two thirds had a  

household income of $100,000 or more and the other third ranged from $50,000 to $100,000, 

indicating that the majority of women in this study were financially advantaged.  Pre-pregnancy 

BMI calculations categorised 11 in the healthy, two in the overweight and two in the obese 

weight ranges.  Mean age was 31.47 years (SD ± 5.19) at study commencement.  Four women 

had experienced some depressive symptoms three to 12 months prior to becoming pregnant, 

four had experienced symptoms between one and three years ago and seven women had not 

experienced any symptoms for over three years (mean 6.18 ± 6.12 years).  A family history of 

mental illness was reported by 13 women, of which seven had multiple family members, 

spanning at least two consecutive generations.  Five women also reported that female family 

members experienced either antepartum or postpartum depression.  Additional characteristics 

that altered over the study period are summarised in Table 5.1. 

Figure 5.2  Recruitment and retention flow diagram. 
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5.4.4.1 Sleep duration  

Sleep duration measured either by actigraphy (F(4,54)=19.44; p=<0.0001) or self-report 

(F(4,24)=4.26; p=0.0259) varied significantly over time, though post hoc analyses of self-reported 

duration showed no differences in pregnancy.  Self-reported TST at P1 was significantly shorter 

than at all other time points and sleep was significantly shorter at P2 compared to T2 (Figure 

5.1, panel C).  Post hoc analysis of actigraphic TST data showed sleep duration at T3 was 

significantly shorter than at T2 (p=0.0086), but not compared to T1 (p=0.1255).  Sleep durations 

measured using actigraphy were not significantly different to subjective sleep durations at any 

time point in pregnancy.  

5.4.4.2 Sleep quality 

Sleep quality variables also varied significantly across the study; for PSQI (F(4,53)=6.13; p=0.0004) 

and GNS (F(4, 54)=6.03; p=0.0004).  Post hoc analyses for both measures showed that differences 

occurred in the postpartum, and not throughout pregnancy, with sleep quality at P1 significantly 

worse compared to all trimesters of pregnancy (Figure 5.1, panel A & B).  The proportion of 

women reporting >3 good nights sleep in the last week also decreased between T2 and P2.    

5.4.4.3 Sleep continuity 

Sleep continuity, as measured by the GSDS Maintenance Insomnia Scale (F(4, 54)=4.15; p=0.0053) 

varied significantly across the study, with post hoc analyses showing a significant decrease 

between T2 and P2 (p=0.0022) (Figure 5.1, panel D).    
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5.4.4.4 Daytime sleepiness 

Sleepiness, as measured by the ESS, (F(4,54)=4.08; p=0.0058), varied across time points, but post 

hoc analyses only found an improvement in daytime sleepiness between P1 and P2 (p=0.0033) 

(Figure 5.1, panel F).   

5.4.4.5 Sleep timing 

Self-reported midsleep difference (F(4,47)=1.98; p=0.0389), varied significantly across the study, 

but none of the post hoc analyses reached significance.  No significant effect of time was seen 

for actigraphically measured midsleep difference (Figure 5.1, panel E).   

5.4.5 Depressive symptoms 

Descriptive statistics across all time points are presented in Table 5.2.  At T1, BDI II scores ranged 

from 4-19, while at T3 scores ranged from 3-12.  Four women who experienced clinically relevant 

depressive symptoms at T1 had non-clinical scores by T3. Nine of the remaining ten women also 

saw reductions in BDI II scores over this time period.  BDI II scores (but not EPDS scores) changed 

across the study (F(4,52)=2.40; p=0.0013).  As illustrated in Figure 5.1, panel G, post hoc pairwise 

comparisons revealed multiple significant differences among BDI II scores, notably a decrease 

between T1 and T2, an increase between T3 and P1, and a significant decrease between P1 and 

P2.  
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Figure 5.4  Linear mixed model sleep and depressive symptom results throughout 
pregnancy (T1 (trimester 1), T2 (trimester 2), T3 (trimester 3)) (n=15) and 
early postpartum (P1 (postpartum 12 weeks), P2 (postpartum 12 weeks)) 
(n=14). 
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al. (1995) notes that ongoing, meaningful relationships for over three months make parents 

more receptive and the program more successful, as it takes time for parents to experiment and 

implement new ideas.  Similarly, Heinicke et al. (1988) found more successful outcomes for 

family-focused interventions when they are started early and extended over a minimum of three 

months.   Because we were able to intervene early and throughout pregnancy, women in our 

study had time to employ specific strategies to guide, reinforce and support positive sleep 

behaviours at relevant times.   

Women are eager for health information when finding out they are pregnant, with over 90% of 

pregnant women using the internet to source pregnancy-related information (Huberty et al., 

2013).  Additionally, a systematic review on internet use by pregnant women found they search 

for pregnancy information most often during the early stages of pregnancy and not 

unexpectedly, that nulliparous women search more than multiparous (Sayakhot & Carolan-Olah, 

2016).   A recent review on 27 Australian Government and leading industry websites reported 

that only two websites included information on sleep during pregnancy but neither 

communicated evidenced based guidelines (Cannon et al., In press).  Alarmingly, the majority of 

women perceive the health information they read on the internet to be trustworthy, reliable 

and useful (Sayakhot & Carolan-Olah, 2016).  Pregnant women, who can often find themselves 

confused and worried about how their actions might affect their baby, are in a no-win situation 

of either not finding accurate, regulated information or not knowing if the information can be 

trusted.  Hence, evidenced-based sleep health information, such as the education material in 

Sleep HAPi, would prove useful to both mothers and those in maternal healthcare services. 

In this study, women with elevated depressive symptoms in early pregnancy had improved by 

the end of pregnancy and those with minimal depressive symptoms in early pregnancy remained 

that way throughout pregnancy.  This suggests the intervention assisted in averting or 
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pregnancy and postpartum time points.  Waking due to discomfort, pain, heartburn, 

dreams/nightmares and fetal movements were common throughout pregnancy, but not in the 

postpartum.  As expected, common reasons for waking in the postpartum were to feed and care 

for their baby and baby noise/movement. 
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6 A PILOT LONGITUDINAL SLEEP EDUCATION INTERVENTION 

FROM EARLY PREGNANCY AND ITS EFFECT ON OPTIMISING 

SLEEP AND MINIMISING DEPRESSIVE SYMPTOMS  

The following manuscript was prepared by the researcher (Appendix 31) and was published 

with the journal Sleep Health in June 2020.  All rights reserved© Ladyman C. I., Signal T. L., 

Sweeney B. S., Gander P. H., Paine S-J., Huthwaite M. 

6.1 Abstract 

Objectives:  To investigate the efficacy of a pilot longitudinal sleep education program for 

optimising sleep and minimising depressive symptoms in a sample of nulliparous pregnant 

women. 

Design: Early and longitudinal sleep education intervention pilot study.  

Setting: Community-based convenience sample of New Zealand women. 

Participants:  15 nulliparous women who were involved in a pilot of a longitudinal sleep 

education intervention during pregnancy (N=15) were compared to a comparison group (n=76) 

from another observational study with the same time points.  Groups were matched on 

depression history and parity.    

Intervention: A longitudinal sleep education program (Sleep HAPi) was developed.  Women in 

the intervention group participated in three individualised and trimester specific education 

sessions designed to increase sleep knowledge and improve sleep practices.  The comparison 

group received no sleep education. 
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Measurements:  Self-reports of depressive symptoms and five dimensions of sleep (duration, 

quality, continuity, latency, daytime sleepiness) were compared between groups using linear 

mixed model analysis of variance. 

Results:   At the conclusion of the intervention, the intervention group had fewer depressive 

symptoms with none experiencing clinically significant depressive symptoms, while 21% of the 

comparison group were considered to have clinically significant depressive symptoms.  The 

intervention group also had better sleep quality, sleep initiation and sleep continuity than the 

comparison group at late pregnancy.  

Conclusions:  Findings suggest that a longitudinal sleep education intervention commencing 

early in pregnancy may be effective in optimising sleep and minimising depressive symptoms for 

nulliparous women with a history of depression.  Further investigation of sleep education 

interventions to improve maternal mental health in pregnancy and postnatally is warranted. 

Keywords: pregnancy, postnatal, depression, sleep, intervention, trimester 

6.2 Introduction 

Pregnancy is a common time for the manifestation of both depression and poor sleep (Okun, 

Kiewra, et al., 2011), and their co-occurrence is due to their strong bidirectional relationship 

(Fang et al., 2019).  The adverse obstetric, neonatal (Accortt et al., 2014; Szegda, Markenson, 

Bertone-Johnson, & Chasan-Taber, 2014), child and adolescent development outcomes 

(Brunton, 2013; Stein et al., 2014) as well as the economic cost of depression (Bauer, Knapp, & 

Parsonage, 2016), support the urgent need for longitudinal perinatal research commencing early 

in pregnancy, and timely interventions to limit or, if possible, prevent the severe and enduring 

consequences of depression and sleep disturbance in pregnancy (G. Wang et al., 2018).  Sleep, 
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6.3 Participants and methods 

Participants for the Sleep HAPi pilot study were recruited from the Greater Wellington area or 

Palmerston North, New Zealand through advertisements in medical centres, midwifery clinics, 

mental health clinics, hospitals, parent and community centres, libraries, schools, 

crèches/kindergartens, supermarkets, community fairs, and various social and traditional media 

channels.  Presentations were also given to hospital staff, midwifery groups, Continuing Medical 

Education (CME) workshops and fertility clinics to encourage medical professionals to refer 

patients/clients.    

Eligible participants completed a screening questionnaire to ensure they met the study criteria, 

which included having a history of previously diagnosed depression but currently non-

symptomatic and medication-free for at least three months prior to study enrolment.  Women 

were at or less than 14 weeks pregnant, nulliparous, had a singleton pregnancy and were at least 

16 years of age and proficient in English.  They were also required to have a primary health care 

provider and no children under three years of age living in the home.  Participants were excluded 

if they had a diagnosed sleep disorder, medical condition or mental health disorder (other than 

depression) known to be associated with sleep abnormalities. 

Data were collected from February 2017 to December 2018.  All women who agreed to 

participate reported being of sole New Zealand European ethnicity.  By 36 weeks gestation, 

participants in the Sleep HAPi intervention group had completed three one-on-one face-to-face 

sleep education sessions (one in each trimester) which included assessments of their own sleep 

and depressive symptoms.  They also completed two post-intervention assessments: one at six 

weeks postnatal and one at 12 weeks postnatal.  
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6.4 Results 

6.4.1 Sample characteristics 

Complete data sets were available for 15 women at 36 weeks gestation and 14 women at 12 

weeks postnatal in the intervention study.  Complete data sets were available for 76 women in 

the comparison study.  In both studies, all women were nulliparous, sole New Zealand European, 

had a history of depression and a singleton pregnancy.  As illustrated in table 6.1, the 

intervention and comparison groups were similar on most demographic and sleep 

characteristics, only differing in their current work status and requiring ART to become pregnant.     

6.4.2 Sleep characteristics 

As illustrated in Figure 6.2, univariate analyses show that in late pregnancy, the intervention 

group had significantly better measures of sleep quality (p=0.017) (Figure 6.2, panel B), sleep 

continuity (p=0.017) (Figure 6.2, panel C) and sleep latency (p=0.001) (Figure 6.2, panel D) 

compared to the comparison group, but no significant differences were seen for sleep duration 

(Figure 6.2, panel A) or daytimes sleepiness (Figure 6.2, panel E).  At the postnatal time point, 

the intervention group were significantly better on the measure of sleep latency (p=0.010) 

(Figure 6.2, panel D), but no differences were observed for other sleep dimensions. 
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Figure 6.2  Univariate analyses of sleep and depressive symptoms.  GSDS = General 

Sleep Disturbance Scale, ESS = Epworth sleepiness Scale, EPDS = Edinburgh 
Postnatal Depression Scale. 
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Linear mixed model results are described in Table 6.2.  For sleep latency, linear mixed models 

showed a significant main effect of group (F(1,86)=16.06; p=0.000) and time (F(1,88)=5.86; p=0.018), 

indicating that the intervention group had fewer difficulties falling asleep at both time points 

and all women had less difficulty falling asleep at the postnatal time point.  The covariates of 

maternal age (F(1,86)=16.06; p=0.000) and stressful life events (F(1,86)=16.06; p=0.000) were also 

significant, with younger women and women with fewer stressful life events having more nights 

per week where they had difficulty falling asleep.   

In the models for daytime sleepiness, there was a significant main effect of time (F(1,85)=7.02; 

p=0.010), but no group or interaction effect, indicating that women reported being less sleepy 

postnatally compared to late pregnancy.   

The models for sleep quality and continuity showed a time-by-group interaction (F(1,84)= 4.17; 

p=0.044 and F(1,85)= 6.28; p=0.014 respectively), with post-hocs showing that the comparison 

group had improvements in sleep quality (p<.0001) and continuity (p<.0001) from pregnancy to 

postnatal.  There were no differences between groups at either time point.  Women with greater 

relationship satisfaction had better sleep quality (F(1,85)=7.23; p=0.008) and fewer nights per 

week where they woke early or during their sleep (F(1,85)=4.22; p=0.042).  Maternal age was also 

significantly associated with sleep continuity, with younger women having more nights per week 

where they woke early or during their sleep (F(1,91)=4.47; p=0.037).   

For sleep duration, linear mixed models showed no main effect or interaction effects for group 

and time.  However, relationship satisfaction was independently associated with this aspect of 

sleep (F(1,85)=8.42; p=0.004), such that women who reported greater relationship happiness also 

reported longer sleep durations. 
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7 DISCUSSION 

Healthy sleep is rapidly becoming recognised as one of the three key pillars of health; of equal 

importance to a nutritious diet and regular exercise.  Healthy sleep across adulthood is an 

important predictor of longevity and wellbeing, while poor sleep is related to an increased all-

cause mortality, and associated with an extensive list of disease and disorder, including heart 

disease, cancer, diabetes and mood disorders (Bertisch et al., 2018; Grandner, Hale, Moore, & 

Patel, 2010; Rod et al., 2011; Yin et al., 2017).  This thesis has focussed on evaluating the 

relationship between sleep and depression across pregnancy (figure 7.1).  The strong bi-

directional relationship between sleep and depression is crucial in pregnancy, which is generally 

considered a time when sleep disruption is common.  Poor sleep and depression are related to 

many well-established risk factors for adverse pregnancy, fetal and child outcomes.   

 

Figure 7.1  Sleep, depression and pregnancy interactions 
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Chapter 1 highlighted important gaps in the current literature.  There is a lack of understanding 

of normal sleep characteristics throughout pregnancy; a shortage of research on sleep and 

depression in the first trimester and longitudinally throughout pregnancy; a paucity of literature 

investigating the longer term patterns of maternal sleep health and depression extending 

beyond 12 months after childbirth, although the limited longitudinal studies indicate chronic 

patterns of depression continuing many years past birth for some women; insufficient evidenced 

based pregnancy sleep information available to women and healthcare providers; and a 

shortage of interventions that attempt to prevent or minimise depression by normalising and 

optimising sleep in pregnancy. 

Thus, the research in this thesis aimed to investigate the relationships between sleep and 

depressive symptoms throughout an extended perinatal period, from early pregnancy to three 

years post birth and was prompted by three research questions.   

1. What does sleep health look like for healthy women in each trimester of pregnancy? 

2. Do patterns of depressive symptoms persist from late pregnancy to three years post 

birth and is this related to sleep? 

3. If there is an association between sleep and depressive symptoms, will an intervention 

optimising sleep throughout pregnancy help women to reach late pregnancy with 

minimal depressive symptoms? 

To answer these questions, three separate studies were undertaken.  Study 1 was a scoped 

review exploring what normal sleep looks like for pregnant women (Chapter 3).  Study 2 

examined the time course of depressive symptoms from late pregnancy to three-year post birth 

(Chapter 4), and Study 3 assessed the feasibility, acceptability (Chapter 5) and efficacy (Chapter 

6) of an early intervention aimed at minimising depression symptoms throughout pregnancy.   
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The Sleep Health conceptual model identified by Buysse (2014) is a common thread throughout 

the studies and provides a comprehensive representation of the multi-dimensionality of sleep.  

Sleep is a complex physiological process and cannot be portrayed by a single measure.  As 

described by Paulson & Miller-Graff (2019) , it may be that various sleep dimensions, or more 

importantly combinations of dimensions, are more predictive of mood changes at particular 

time points in pregnancy.  Though previous maternal sleep research has suggested that sleep 

quality is a dimension of sleep closely related to depressive symptoms (Bei et al., 2010; Dørheim 

et al., 2009; Huang et al., 2004), this research has emphasised the complexity of sleep and 

suggests there are the numerous ways in which it may be associated with mental health.   

Figure 7.2  Theses study design. 
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7.1 Contribution to the Literature 

Key findings, clinical implications and future research recommendations from studies 1, 2 and 3 

are summarised in figure 7.3, and discussed below. 
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interventions has been highlighted by numerous authors (Da Costa et al., 2010; Haney et al., 

2014; K. A. Lee & Gay, 2017; K. A. Lee et al., 2016; Qiu et al., 2014; Ryan et al., 2005; Williams et 

al., 2010; Zhong et al., 2018). 

Furthermore, pregnancy is considered a key teachable life stage, with women keen to improve 

their health for the benefit of their baby (Phelan et al., 2011).  Pregnant women actively seek 

health information, particularly on discomforts, emotional changes, physical changes, and 

expectations and beliefs during their pregnancy (Berman, 2006), and most often in early 

pregnancy (Sayakhot & Carolan-Olah, 2016). However, there is little evidenced-based 

information on sleep available to mothers. 

The design and trial of the Sleep HAPi intervention aimed to answer three questions:  

1) Is an early and longitudinal sleep education intervention feasible and acceptable to 

pregnant women?  

2) Is an early and longitudinal sleep education intervention effective in optimising sleep 

and minimising depressive symptoms for nulliparous pregnant women with a history 

of depression? 

3) How do sleep and depressive symptoms changes over a nine-month period, from 12 

weeks gestation to 12 weeks postnatal? 

The identified lack of research on the first trimester, together with having strict inclusion and 

exclusion criteria, were indicators that recruitment for this study would be challenging.  The time 

and effort required to recruit 22 women was greater than expected, however all who were 

eligible to enrol did so, and once enrolled, they were greatly enthusiastic about their 

participation.  Retention rates were 68% and 64% for pregnancy and the postpartum period 

respectively and 99.7% of study components were completed. This is an endorsement of the 
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is limited for maternity care providers (either midwives, childbirth educators or obstetricians).  

Maternity services in New Zealand provide education on nutrition and exercise in pregnancy but 

have not been able to provide evidenced-based sleep information to their clients/patients.  The 

sleep education information developed in Study 3 could prove to be a valuable frontline strategy 

in a stepped care approach to improve maternal mental health care and offers an intervention 

that avoids the medicalisation of (yet another) pregnancy characteristic (Sword et al., 2012). 

7.5 Recommendations for future research 

To date, there are limited studies examining sleep and depressive symptoms in pregnancy 

(including review papers) that include data from the first trimester. This promotes the tendency 

for authors to prematurely describe patterns of sleep and depressive symptoms based on two 

time points.  A recent intensification of early pregnancy research has highlighted just how critical 

the first trimester is in identifying factors in the development of sleep and depression patterns.  

More research spanning the full length of pregnancy is greatly needed so comparative data are 

available across all trimesters. 

Data collection for Study 3 commenced in the first trimester. However, pre-conception would 

be the ideal starting point for the characterisation of maternal sleep and mood symptomology.  

Very little prospective evidence exists on longitudinal patterns from this time point, but it seems 

likely that pre-conception sleep would provide a robust comparison for the changes in 

pregnancy sleep and that poor sleep pre-conception may be relevant to the sleep experience in 

pregnancy or postnatally (figure 7.4). 

Further to the recommendations above, there is a need to incorporate additional data collection 

time points during the perinatal period.  Though participant burden and research resources 

would need to be considered, monthly data collection, such as the study by Mindell et al. (2015), 
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may provide a more valuable understanding of the changes women are experiencing throughout 

pregnancy, as well as insight into the timing of greatest vulnerability for sleep and depression 

changes, especially when large change can occur within a trimester.  Similarly, gestational weeks 

need to be well defined in study populations, so correct comparisons and categorisations can be 

made between studies. 

Additional data time points are also relevant for the postnatal period.  Authors have described 

maternal depressive symptoms as highly variable and heterogeneous in their onset, course, 

duration and severity (Campbell, Matestic, von Stauffenberg, Mohan, & Kirchner, 2007; Nandi 

et al., 2009; Putnam et al., 2015; Van Der Waerden et al., 2015).  There would be great value in 

collecting data at regular time points to elucidate if women are prone to depressive symptoms 

at a particular point in the perinatal period or if periods of poor sleep or depressive symptoms 

exert their effects at later time points (M.-W. Chang et al., 2015; Skouteris et al., 2008).  While 

there are a small number of studies exploring long-term trajectories of depressive symptoms 

(past three years post birth), more studies would be helpful in further understanding the long-

term patterns of sleep and depressive symptoms (figure 7.4).  

Integrating pregnancy and postnatal time points into future research could also allow for a 

cohesive model of perinatal sleep and mental health care to be developed.  Studies to date have 

generally focused on either pregnancy (Sanaati et al., 2017; Rezaei et al., 2015; Tomfohr-Madsen 

et al., 2016) or postnatal (Owais et al., 2018; Kempler et al., 2016) sleep education interventions 

to improve mood, but it does not appear that any intervention studies have combined these two 

important and connected life stages.  Providing women with an integrated package of evidenced 

based sleep and mental health education material, that covers both maternal sleep and mood 

throughout the perinatal period, as well as incorporating information on baby sleep could prove 

to be a valuable addition to maternal health care. 
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Mothers are important too 

After my boys were born, there were appointments. 

To check their latch. 

To check their weight. 

To check their hearing. 

To check the colour of their skin for signs of jaundice. 

There were appointments. 

There were regular pokes and prods. 

Their well-being was front and centre. 

I'd say, when it comes to our health-care system, they were well taken care of. 

Then there was me. 

A first-time mom without a clue. 

Engorged, bleeding, and stitched up. 

Sent home with some painkillers and stool softeners. 

Thrown into motherhood with the expectation my instincts would kick in. 

That I would know how to handle colic and late-night feedings. 

That breastfeeding would come as nature intended. 

That my husband would sense my spiral into depression. 

That I would know how to live in my new and very foreign body. 

That this stomach wouldn't make me feel hideous. 

And my mind wouldn't make me feel less than they deserved. 

No one poked me. 

No one prodded. 

No one checked my stitches, my healing, or my sanity until eight weeks postpartum. 

And even then, it was a pat on the back and I was sent on my way. 
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Our world forgets about mothers. 

We slip through the cracks. 

We become background noise. 

And in that we learn our role...  

Our place in our family unit...  

To always come last. 

Folks, we can't put mothers last. 

Our babies need us. 

To be healthy. 

To know that we are worthy. 

To know that Motherhood, while natural, can sometimes feel like the least natural role in our 

life. 

And that deserves attention. 

That mothers deserve attention. 

We need our world to fuss over us the way they fuss over ten fresh fingers and ten fresh toes. 

We need to be seen. 

We need to be heard. 

We need someone to not only ask if we're okay but to check time and time again, just to be sure. 

We're not just a uterus. 

We're not just a lifeline to a new and precious soul. 

We're mothers. 

And we need someone to make sure we're ok, too. 

Anneliese Lawton  
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