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ABSTRACT

The primary aim of this study was to establish whether memory impairments in
pregnancy could be attributed to sleep disturbance, while controlling for confounding
variables including attention, mood, hormone level and nocturnal oxygen saturation.
Twenty-seven women in the third trimester of pregnancy, 21 women in the first trimester
of pregnancy and 24 nonpregnant controls were administered a series of verbal and visual
episodic memory tasks and two procedural memory tasks, and underwent an overnight
sleep study. Firstly, the results indicated that compared to controls, both pregnant groups
had reduced scores on immediate and delayed verbal episodic memory tasks, but were
unimpaired on visual and procedural memory tasks. Similarly, both pregnant groups had
reduced overnight retention rates on the verbal episodic memory tasks when compared to
the control group. Reduced verbal memory retention during pregnancy was not related to
measures of attention, mood, progesterone level or nocturnal oxygen saturation. Sleep
during pregnancy was characterised by decreased sleep efficiency with increased
awakenings and cortical arousals, less time in REM sleep, and less deep sleep in favour of
more light, non-restorative sleep. Sleep-related conditions such as snoring and leg
movements were also more common in the third-trimester pregnant women. Contrary to
prevailing theories regarding memory consolidation during sleep, reduced episodic
memory retention during pregnancy was not related to any measure of sleep. This study
highlights several issues of pregnancy. Although memory difficulties were minor, the
perception of memory problems may have implications for everyday tasks of living for
pregnant women. Health professionals should understand the characteristics of sleep
during pregnancy, in order to recognise when referral to a sleep specialist may be
required. However, the question of why memory difficulties exist during pregnancy

remains unanswered, and there remains plenty of scope for further research in this area.
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Chapter 1

Literature Review

Episodic and Procedural Memory Consolidation during Sleep: Can Memory

Impair ment during Pregnancy be attributed to Sleep Disturbance?



Chapter 1 — Literature Review

During pregnancy, many physiological changes occur to meet the demands placed
on the mother as the foetus grows. As well as the physical changes that oc cur, many
pregnant women report memory impairments and sleep disturbances. Objective measures
of m emory pe rformance dur ing pr egnancy h ave f ound a n i mpairment i n de clarative
memory (de Groot, Hornstra, Roozendaal, & Jolles, 2003; Keenan, Yaldoo, Stress, Fuerst,
& Ginsburg, 1998; Sharp, Brindle, Brown, & Turner, 1993), and it has been documented
that pr egnant w omen have di sturbances i ns leep, e speciallyi nt he third t rimester
(Brunner, e t al., 1994; Hertz,etal., 1992). O ne c ommon t heory ist hat m emory
consolidation oc curs dur ing s leep (Drosopoulos, W agner, & Born, 2005; M cClelland,
McNaughton, & O 'Reilly, 1995; P lihal & Born, 1997), and t hus di sruptions of s leep
should also di srupt t he 1 ong-term s torage o f me mories. T herefore, itis of interestto
establish whether me mory imp airments in pregnancy can be at all attributable to sleep
disturbance.

Pregnancy and Memory Changes

Major ph ysiological ¢ hanges oc curt 0 a w oman w hen s he be comes pr egnant.
Among t he m ajor c hanges that oc cur in the m aternal s ystem ar e r ising oe strogen and
oxytocin levels, an increase in respiratory rate and blood volume, increased requirements
for nut rients and vi tamins, a nd t he ut erus und ergoes at remendous i ncrease i n s ize
(Martini, 1998) . W hileal 1t hese ph ysiological ch anges o ccur, 0 nei nteresting
phenomenon i s t he a bundance of anecdotal r eports b y pr egnant w omen t hat t hey are
plagued w ith cognitive problems, pa rticularly memory problems (Brett & Baxendale,
2001).

Although popular stereotypes exist of pregnant women who lack concentration or
are forgetful, there have been few attempts to investigate cognitive changes during this
period (Parsons & Redman, 1991). C ognitive changes may be of particular importance
because of their potential to reduce the ability of women to problem-solve at a time when

2



Chapter 1 — Literature Review
they are faced with considerable | ife changes and the ne cessary adaptive r esponses
(Parsons & R edman, 1991). A Iso, m emory | oss i n pr egnant w omen c ould a dversely
affect their compliance with medical instructions; pregnant women are a particular target
for health education (Sharp, et al., 1993).

Pregnancy and Self-Reported Memory Problems

To investigate s elf-reported ¢ ognitive ¢ hange during pr egnancy, P arsons a nd
Redman (1991) invited 236 w omen t o c omplete a qu estionnaire a ssessing ¢ ognitive
changes during pregnancy, within three days of delivery. Between 50-64% of the sample
felt that they had experienced decreases in cognitive function during the last three months
of pregnancy. A second study looked further into the cognitive changes reported during
pregnancy. O fa sample of 50 pr egnant w omen, 82% r eported ¢ hanges 1 n ¢ ognition
associated with pregnancy, with 68% reporting changes in recall or memory. Most of the
affected women noticed that the onset of changes occurred by the second or third month
of gestation. N one of the w omen r eported 1 ong-term m emory | oss; only s hort-term
memory was affected.

In their study, Sharp et al. (1993) looked at the subjective awareness of memory
disturbances i n pr egnant w omen. E ighty-one p ercent of S harp etal.’s s ample o f48
pregnant w omen r ated t heir m emory dur ing t he pr evious t wo w eeks a s w orse t han
normal, w hereas only 1 6% of the control group did so. C omments made by pregnant
women regarding me mory alterations inc luded difficulty in following t he ¢ ourse of a
conversation, an inability to remember daily tasks, and an inability to remember friends
names.

Crawley, Dennison, and Carter (2003) used self-assessment ratings and found that
women in the third trimester of pregnancy reported mild impairments in focused a nd
divided a ttention, and their a bility to remember ve rbal ma terial c ompared with the
nonpregnant w omen. H owever, us ing a n ope n-ended que stionnaire Crawley (2002)

3



Chapter 1 — Literature Review
found that when specifically asked to rate their memory, most pregnant women reported
no change. Also, women would only report a pregnancy-related impairment in memory,
concentration and clarity of thought if they were specifically asked to rate their abilities.

Other studies investigating the prevalence of memory problems during pregnancy
have f ound t hat p regnant w omen w ere f ar m ore 1 ikely t o r ate t heir o verall m emory
performance as worse since pregnancy than were a control group relative to a year ago
(Casey, Huntsdale, Angus, & Janes, 1999; Janes, Casey, Huntsdale, & Angus, 1999), and
that 59% of a group of pregnant women rated their memory during the last two weeks as
worse t han no rmal, w hereas onl y 19 % of the control gr oup did s o (Brindle, B rown,
Brown, G riffith, & T urner, 1991) . E xamination of be liefs a bout pr egnancy-related
cognitive decline found that both women and men with and without close experience of
pregnancy rated pr egnant w omen’s ¢ ognitive abilities a s s lightly w orse t han b efore
pregnancy, suggesting aw idespread beliefth at ¢ ognitive a bilities de cline dur ing
pregnancy (Crawley, Grant, & Hinshaw, 2008).

Although a number of studies have suggested that subjective memory complaints
are a s ignificant f eature of pr egnancy f or m any women, s ubjective reports m ay no t
reliably indicate actual performance, and pregnant women may be more aw are of their
cognitive s lips due t o cultural e xpectations of ¢ ognitive d ecline dur ing pr egnancy
(Crawley, et al., 2008). Objective techniques have consequently been employed to more
thoroughly investigate memory performance during pregnancy.

Pregnancy and Objectively Measured Memory Performance

Few s tudies h ave employed s tandardised ne uropsychological t ests t o quantify
memory abilities during pregnancy (Brett & Baxendale, 2001). The term ‘memory’ refers
to a broad and complex range of abilities and has be en c onceptualised in a num ber of

ways. Objective memory tests are usually designed to test a particular aspect of memory



Chapter 1 — Literature Review
and m ay focus on t he a cquisition, ¢ onsolidation a nd r etrieval of information w ithin a
particular subsystem (Brett & Baxendale, 2001).

Types of memory.

Memory is commonly c onceptualised into two distinct s ystems, namely explicit
(declarative) and implicit ( non-declarative) m emory. E xplicit or de clarative m emory
refers to information encoding and retrieval that is carried out explicitly, or consciously
by the individual (Peigneux, Laureys, Delbeuck, & Maquet, 2001). O n the other hand,
implicit memory, or non-declarative memory, can be acquired and re-expressed without
awareness t hat the ne w information has be en encoded or is retrieved, b ut be havioural
performance is affected by the new memory.

Declarative memory can be further divided into episodic and semantic memory.
Episodic memory refers to a system that stores events located in time and space, whereas
semantic memory encompasses knowledge of the world regardless of the spatio-temporal
context of acquisition (Rauchs, et al., 2004). Tulving’s (1983) initial conceptualisation of
long-term me mory proposed that semantic and episodic memory are based on separate
memory systems, but the evidence now seems to point to their reflecting the same system
operating unde rdi fferent ¢ ircumstances. T ulvingr egardst he phe nomenological
experience of a past event as being crucial to labelling a memory as episodic. Semantic
memory stores information that may have originated in many separate experiences, which
are no 1 onger i ndividually r etrievable. T herefore, s emantic m emory consists of t he
accumulation of many episodes (Baddeley, 1995).

A common procedure for testing declarative memory performance is to present the
participants with the novel testing materials, and then to assess recall of the information.
This type o f me mory assessment is targeting the individual’s ability to mentally travel
back in time and recall the features of an experience they previously had. This experience
of r emembering mor e c losely r esembles e pisodic me mory retrieval ( remembering an
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event w hich happenedi n the pa st), rather than semantic m emoryr etrieval ( the
accumulation of knowledge and facts). Therefore, to correspond with the methodological
procedures most commonly used in declarative memory testing, this review will focus on
episodic rather than semantic memory.

Two s ubsystems of non -declarative m emory ar e cl inically r elevant; pr ocedural
memory and priming or pe rceptual m emory. P rocedural m emory i ncludes m otor and
cognitive skill 1 earning and pe rceptual “how to” I earning, w hereas priming refers to a
form of cued recall in which, without the subject’s awareness, prior exposure facilitates
the response (Lezak, Howieson, & Loring, 2004). Procedural learning is important as the
pregnant woman will be required to learn many new skills as she becomes a parent; hence
procedural memory will be the other focus of this review.

Episodic memory during pregnancy.

During objective testing, Sharp et al. (1993) asked participants to remember verbal
and visual items for recall and recognition. O n word list recall, pregnant women were
found to be significantly impaired when compared to nonpregnant controls. T he deficit
was greater when the learning was incidental than when women were asked explicitly to
remember the ite ms. It w as t herefore s uggested t hat pe rhaps s ome of t he potential
memory loss of those in the pregnant group may be overcome by conscious effort. If so,
forgetfulness in e veryday living may be greater t han that found during formal t esting
(Brindle, et al., 1991).

Keenan et al. (1998) hypothesised that pregnant w omen w ould s how d ecreased
explicit memory functioning compared with nonpregnant control women. On paragraph
recall, there w as as ignificant de cline i n performance between t he s econd a nd t hird
trimester of pregnancy for immediate and delayed recall. A Iso, third-trimester pregnant

women showed significantly worse paragraph recall than the control women.
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Another study to find significant memory impairment in pregnancy was conducted
by Buckwalteret al . (1999). A ¢ omprehensive ne uropsychological ba ttery was
administered to women during their last two months of pregnancy and again within two
months of delivery. In terms of memory, pregnant women performed significantly worse
on a verbal learning test as measured by the number of items recalled after the fifth trial.
Participants also showed a significantly lower learning slope across the five learning trials
when pregnant. B uckwalter et al. also compared pe rformance du ring p regnancy t o
published normative data. W hile the pregnant women performed slightly above average
on an intelligence test, performance on i ndices of verbal memory ranged as low as the
fifth percentile when compared with women of similar age and education.

De Groot et al. (2003) focused their investigation of cognitive functioning on early
pregnancy. Results showed a clear di fference b etween women in early pregnancy and
their matched controls on t he mean number o f words recalled over three trials, delayed
recall of the words, and the word fluency test. A later longitudinal study by de Groot,
Vuurman, Hornstra, and Jolles (2006) investigated cognitive performance across multiple
time points in pregnancy and at c omparable times in a non pregnant group. M emory
encoding a nd retrieval, a s a ssessed w itha w ord 1 earning t ask, w ere f oundt ob e
significantly lower in the pregnant group in all trimesters when compared to the control
group.

Recently Henry and Rendell (2007) performed a m eta-analysist o assess t he
impact of pregnancy on memory. Overall, they concluded that although pregnancy does
impact negatively on memory performance as indexed by objective behavioural measures,
this w as onl yt rue for m easurest hat p laced r elatively high de mands on effortful
processing, m easures of free recall and the e xecutive c omponent of w orking m emory.
They found that the magnitude of the deficits was small and thus the observed impairment

may be regarded as relatively subtle.
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In contrast to the aforementioned literature, some studies have produced data in an
attempt to dispute the hypothesis that m emory impa irment e xists dur ing p regnancy.
Brindle et al. (1991) found that pregnant women were unimpaired compared to controls
on tests of recall of household objects and word lists, and on recognition of faces. T he
authors do a dmit that it w as pos sible that had other t ests be en us ed t hey m ight ha ve
revealed a deficit in explicit memory, as the difficulty of the recall and recognition tasks
used was que stionable. F or e xample, s ome p articipants pe rformed at ceilinginthe
recognition task and this may have reduced the s ensitivity o f the ¢ omparison be tween
groups. Sharp et al. (1993) also found that pregnant women were unimpaired on tasks of
verbal or picture recognition, but again the authors note that the sensitivity of this test was
reduced because performances of some of the women were at ceiling.

A s tudyb yM cDowall and Moriarty (2000) also f ailedt o f ind a ny g roup
differences be tween pr egnant a nd nonpr egnant pa rticipants, on bot h data-driven a nd
conceptually-driven memory tests. A Ithough, a closer examination of the study results
revealed t hat t he m emory t ests i nvolved onl y cued r ecall. T hus, the me mory ta sks
provided clues that would have en couraged better pe rformances than free recall al one.
Also, the authors admit that the relatively l ow power of the study, with regard to the
detection of between-group differences, suggests that further study is warranted.

Janes et al . (1999) and C asey et al . (1999) found no s ignificant di fferences
between a pregnant and nonpregnant group on an explicit memory test which involved
answering twelve questions about a short cartoon. T he methodology of these studies is
questionable. The cartoon was fifty seconds in length, shown to the participants twice,
and the groups answered the twelve questions immediately a fter the viewing. T his test
appears to be insensitive for detecting group differences in memory performance, could

be s ubject t o i nterpretation, and was the onl y te st of e xplicit me mory utilised by the
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authors. A Iso, t he a uthors di d not pr ovide a ny de scriptive or s tatistical i nformation
concerning the explicit memory test to support their conclusion.

Crawley et al.’s (2003) longitudinal study comparing verbal memory in the second
and t hird t rimester of pr egnancytoa group of nonpr egnant ¢ ontrols a lso f ound no
significant differences between groups on each testing occasion. V erbal memory in this
study was tested using a short passage of text with eight questions about the text asked
immediately afterwards. Again this test is likely an insensitive measure and also involves
a form of cuing, and considering the small sample size the authors were unlikely to find a
pregnancy effect. More recently, Crawley et al. (2008) tested women in the second and
third t rimester of pr egnancy o n i mmediate a nd de layed s tory r ecall, a nd f ound no
significant di fferences comparedt o a control group. T he a uthors ¢ oncede t hatt he
memory task used in this study may not have been optimal, as the women knew they were
being tested and could concentrate solely on the single task presented, which is a situation
rarely encountered in more cognitively complex, real world situations.

Int hel argests tudyt oda te, C hristensen, Leach,a nd M ackinnon (2010)
investigated cognition during p regnancy and specifically m easured immediate an d
delayed episodic memory with a list of 16 nouns. N o significant differences were found
between p regnant women a nd nonpr egnant w omen, or ¢ ompared t o t he pr epregnancy
baseline. The main limitation of this longitudinal study was that the interval be tween
prepregnancy ba seline and t esting dur ing pr egnancy w as variable be tween pa rticipants
(up to 4 years apart), and that women were at various stages of pregnancy at the time of
testing.

Procedural memory during pregnancy.

All of the above-mentioned s tudies focus on explicit t ypes of m emory, w hich
depend on conscious recollection of a particular episode or a particular learning event. In
contrast, i mplicit m emory doe s not r equire ¢ onscious r ecollection of any given pr ior

9
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learning experience. The most commonly used method of testing implicit memory during
pregnancy ha s been w ord-stem ¢ ompletion pr iming. T his t ask i nvolves pr esenting
participants w ith a list of w ords, but they are told they need not learnthem. Later,
participants are asked to complete three-letter word stems with the first word that comes
to mind. Normal individuals should complete a higher proportion of the word-stems with
words from the previously presented list of words than would be expected by chance.

Compared t o nonpr egnant ¢ ontrols, Brindle etal. (1991) found t hat w omen in
their first pregnancy used significantly fewer words from the priming list to complete the
word stems, with the deficit most marked in the second trimester. Sharp et al. (1993) also
found that pregnant women showed a significant impairment in priming as measured by
word-stem ¢ ompletion, a nd found t here w as no e vidence of priming for t he pr egnant
group as their mean score did not differ significantly from chance. Alternatively, in their
study J anes et al. (1999) used a s imilar w ord-completion pr iming t ask a nd f ound no
differences between pregnant women and nonpregnant controls.

Of the studies investigating implicit memory during pregnancy, priming has been
the focus. There appears to be a gap in the literature involving pregnancy and procedural
memory; therefore investigation into this field is warranted.

Overall, the majority of existing research studies appears to support the contention
that both subjective and obj ective m emory i mpairments oc cur during pregnancy. Itis
possible t hat m ethodological f laws a re r esponsible f or t he f ew s tudies w hich f ail to
demonstrate this.

Possible factorsinfluencing memory during pregnancy.

The most commonly assumed explanation for the observed memory impairments
in pregnancy has been related to the hormonal changes that take place. The hormones
oestradiol, pr ogesterone, t estosterone, d ehydroepiandrosterone, ox ytocins, a nd cortisol
change dramatically during pregnancy (Buckwalter, et al., 1999). It has been suggested
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that oestrogen plays a role in verbal memory (Sherwin, 1994). T here is some evidence
that hi gh dos es of ox ytocin c ause de ficits in verbal recall (Ferrier, K ennett, & D evlin,
1980), but this finding has not been consistent (Fehm-Wolfsdorf, Bachholz, Born, Voigt,
& Fehm, 1988) . F or example, no correlation between ox ytocin concentration and
cognitive function during pregnancy was found by Silber, Almkvist, Larsson and Uvnas-
Moberg (1990). Little i s know n of t he a ctions of pr ogesterone on br ain m emory
structures (Brett & Baxendale, 2001). Buckwalter et al. (1999) looked at hormonal levels
during pr egnancy, a nd found t hat changes i n hormone | evels s howed no pa ttern o f
associations with cognitive change. T herefore, 1f hormonal changes are responsible for
the cognitive changes during pregnancy, then the evidence has not yet been found.

If hormonal change is not responsible for the o bserved m emory impairments in
pregnancy, it is reasonable t o propose t hat s ome ot her pr egnancy-related change m ay
negatively i mpact on m emory p erformance. In a dditiont o m emory disturbances, a
frequently r eported pr oblem dur ing pr egnancy i s t hat of disrupted sleep. A necdotal
reports f rom pr egnant women a nd obs tetricians 1 ndicate t hat s leep p roblems dur ing
pregnancy are c ommon (Mindell & J acobson, 2000), and hence t he s ubject of s leep
disturbances during pregnancy warrants further investigation.

Sleep Disturbances during Pregnancy

Many o ft he ph ysiological changes that oc cur to a woman when she b ecomes
pregnant could be expected to interfere with normal sleeping patterns. M ost obviously,
the l1arge abdom inal mass and associated di scomfort that accompanies pregnancy could
lead to difficulty in finding a comfortable sleeping position. M ore than half of women
report suffering from low-back pain during pregnancy (Fast, et al., 1987), and nocturnal
foetal movements may be disruptive. Increased frequency of urination occurs during the
first 12w eeksandin thel ast m onth of pr egnancy, a nd na usea a nd vom iting a re
commonly accepted s ymptoms of normal pregnancy (Chamberlain, 1995). C omplaints
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such as heartburn, oesophageal reflux, increased appetite and minor digestive upsets are
also c ommon dur ing pr egnancy (Chamberlain, 1995; N elson-Piercy, 2 002), a nd m ay
result in further sleep disturbances.

Pregnancy and Self-Reported Sleep Problems

Several studies to date have investigated commonly reported sleep complaints in
pregnant women. One of the earliest studies by Schweiger (1972) carried out a subjective
survey of s leep with 10 0 w omen w ho w ere at least 38 w eeks pregnant. S ixty-eight
respondents r eported t hat t heir s leep w as altered from nor mal during t heir pr egnancy,
with m ost ¢ ases r eporting t he c hange had oc curred onl y in the third trimester. S leep
problems during the first trimester were mostly attributed to nausea and vomiting, and
during t he s econd trimester av ariety of causes including discomfortand foetal
movements were reported. The most frequently given reasons for sleep alterations in the
third trimester were discomfort, urinary frequency, foetal movement and heartburn.

Hertz et al . (1992) presented a de tailed i nvestigation of s leep pa tterns i n 12
women in their third trimester of p regnancy. S everal sleep complaints w ere r eported
significantly m ore frequently by the pregnant w omen as compared to a group of age-
matched controls, such as low back pain, nocturnal leg cramps, and morning headaches.

Baratte-Beebe and Lee (1999) used sleep diariesto investigate mid -sleep
awakenings at four time points across pregnancy. T here was a 1.4 fold increase in the
number of a wakenings from pr econception t hrough t he first and s econd t rimesters of
pregnancy and a twofold increase in the number of mid-sleep awakenings from baseline
to the third trimester. Leading s ources of midsleep disturbances w ere aw akening t o
urinate, foetal movements, and general discomforts from pregnancy such as joint pain and
muscle cramping. They also found that external stimuli such as co-sleepers, children and
outside noi ses, a nd i nternal a nd ps ychological s ources s uch a s dr eams, ni ghtmares,
anxiety and restlessness contributed to the problem of disturbed sleep during pregnancy.
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With the use of a questionnaire, Mindell and Jacobson (2000) found that the most
commonly reported sleep disturbance during pregnancy was night wakings, with 97.3%
of w omen w aking a t ni ght by the e nd of pregnancy. T he average num ber of ni ght
wakings and their duration increased significantly throughout pregnancy. By the end of
pregnancy, 91.9% of women noted that their sleep was restless, and more than two-thirds
noted that sleep problems resulted in significant da ytime s leepiness. Compared to the
first ha If of pregnancy, women in the s econd half of pregnancy r eported s ignificantly
more pr oblems w ith 1 nsomnia-type ¢ omplaints, including p roblems falling asleep a nd
staying a sleep. M ost of the w omen in this s tudy a ttributed t heir s leep pr oblems t o
common ph ysical complaints dur ing pr egnancy, s uch a st he ne ed t o urinate, f oetal
movements, back pain, leg cramps, and difficulty finding a comfortable position.

Lopes et al. (2004) interviewed 300 pr egnant women in an effort to establish the
prevalence of sleep disorders in pregnancy. W hen c omparing s leep disorders reported
during pregnancy to what would be expected in the general population, it was found that
insomnia, sleep-disordered breathing, excessive daytime sleepiness, and night awakenings
were reported significantly more often in the pregnant sample.

Although t he ge neral ¢ onsensus of pr evious s elf-report r esearch ist hat s leep
disruption i s c ommon d uring pr egnancy, que stionnaire-based studies c an give limite d
information and can be affected by reporting biases and accuracy of recall. In order to
look m ore obj ectively at s leep p atterns du ring pr egnancy, i nvestigators b egan us ing
polysomnography (PSG) to get a clearer picture.

Pregnancy and Sleep M easurement with Polysomnography

Sleep is not a unitary process; instead it is comprised of physiologically different
stages. P olysomnography ( PSG) al lows obj ective m easurement of s leep s tages us ing
electroencephalography ( EEG)t ogether with electromyogram ( EMG)an d
electrooculogram ( EOG) s o thats leep can be cl assified into different s leep stages
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accordingto as eto fcriteria (Rechtschaffen & K ales, 1968). Rapid eye m ovement
(REM) s leep is cha racterised by t he pr esence of rapid eye m ovements, and a g lobal
abolition of m uscle t one. N on-REM ( NREM) s leep i s di vided i nto s everal s tages,
corresponding to increasing sleep depth. Stages 1 and 2 correspond to light sleep, with
Stage 2 characterised by K complexes and sleep spindles. Stages 3 and 4 (also known as
slow-wave s leep (SWS)) ha ve an increase in slow os cillations as s leep de epens, and
muscle tone decreases compared to the lighter sleep stages. Through-out the night, the
NREM a nd R EM s leep pe riods a Iternate following an ul tradian ¢ ycle, w ith S WS
invariably preceding REM sleep in healthy individuals (Peigneux, et al., 2001). The need
for sleep is universally recognised, however the complexities of the function of sleep are
still not fully understood.

To date, obj ective research on s leep during pregnancy has be en limited (K. A.
Lee, Zaffke, & M cEnany, 2000 ), e specially s tudies t hat i nclude c omplete P SG. T wo
early polysomnographic investigations into sleep during pregnancy were lead by Karacan
(Karacan, et al., 1968; K aracan, W illiams, H ursch, M cCaulley, & H eine, 1969), w ith
similar findings. B oth studies monitored pregnant women for three c onsecutive ni ghts
during t he 1 ast m onth of pregnancy, and ¢ ompared them t o a ge-matched nonpr egnant
controls. B oth studies found that the pregnant women spent more time aw ake and had
more awakenings during the night compared to the controls, and that Stage 4 s leep was
suppressed during pregnancy. However, Karacan et al. (1968) found that sleep latency
was longer for pregnant women, but REM sleep was comparable across groups, whereas
Karacan et al. (1969) found no difference in sleep latency, but found that REM sleep was
significantly lower in the pregnant group as compared to the nonpregnant controls.

Hertzet al . (1992) also utilised PSGto objectively me asure s leep dur ing
pregnancy. Firstly, Hertz et al. found that s leep e fficiency, de fined as the time s pent
asleep as a pe rcentage of the time al lowed for s leeping, w as s ignificantly 1 owered in
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pregnancy as compared to controls. Decreased efficiency of sleep was mostly due to a
marked increase in wake after sleep onset in the pregnant group. Sleep fragmentation, as
defined b y t he num ber of a wakenings, w as found t o be s ignificantly higherint he
pregnant group a s ¢c ompared t o c ontrols. O ther s leep c hanges i n t he pregnant group
included a significant increase in Stage 1 sleep and a significant decrease in REM sleep as
compared to the control group. T here was also a slight, but non-significant, decrease
noted in SWS. Similarly, Brunner et al.’s (1994) analysis of sleep EEG in nine healthy
women during each trimester of pregnancy revealed an increase in waking from trimester
two to trimester three, and a reduction of REM sleep from trimester one to two.

Driver and Shapiro (1992) performed PSG on five women across each trimester of
pregnancy, and used the first six hours of sleep for statistical analysis. In contrast to other
studies, they found no reduction in Stage 4 s leep during pregnancy; with SWS actually
increasing in the third trimester compared to the first. No significant differences in REM
sleep across trimesters were found, however compared to a group of nonpregnant women
REM s leep t ime w as d ecreased du ring t he | ast t wo m onths of pr egnancy. During
pregnancy, the time spent awake during the first six hours of sleep was increased, but
there were no changes in sleep latency.

Schorret al . (1998) investigated sleep patterns in pr egnancy, b y p erforming
overnight PSG studies on four pregnant women, at each trimester o f pregnancy. When
compared to well-matched controls, Schorr et al. found no significant differences between
the g roups w hen comparing s leep | atency and R EM sleep latency. Inthe pr egnant
sample, sleep alterations were evident during SWS. Qualitative analysis of all pregnant
participants revealed alpha-wave intrusions into the delta-range EEG recordings, whereas
normal SWS was seen in the control participants. Abnormalities in Stages 3 and 4 sleep
have be en i mplicated i n s ome s leep di sorders r esponsible f or s ymptoms of e xcessive
tiredness and daytime sleepiness. An alteration in this portion of sleep architecture may

15



Chapter 1 — Literature Review
play a prominent role in the frequent c omplaints of e xcessive tiredness and s leepiness
during pregnancy. S chorr et al. also found that the pregnant women spent significantly
less m ean pr oportion of their sleep time in S WS w hen c ompared to the ¢ ontrols, t his
finding was evident during the first and third trimester. No other significant differences
were found longitudinally throughout pregnancy.

The most recent study in this field by K. A. Lee, et al. (2000) used portable PSG
in the home on 33 women prior to and during pregnancy. Compared to prepregnant sleep
characteristics, significant changes in sleep patterns were evident by the first trimester,
with a significant increase in total sleep time but less deep sleep and more awakenings
during sleep. Sleep efficiency continued to decline throughout pregnancy, and deep sleep
was diminished throughout pregnancy compared with baseline. However, there was no
significant change in the percentage of total sleep time spent in REM sleep throughout
pregnancy.

In summary, previous research has consistently and convincingly demonstrated a
reduction in s leep e fficiency dur ing pr egnancy. H owever, i nconsistencies exist asto
whether REM sleep and SWS are affected, and if so in which manner. Furthermore, there
have been no additional objective investigations into sleep patterns during pregnancy for
the past 10 years.

So far there is compelling evidence to conclude that both memory and sleep are
compromised during pregnancy. If both of these phenomena co-exist during pregnancy, a
relationship m ay exist be tween t he t wo functions. O ne c ommon be lief i s t hat s leep
participates in the long-term consolidation of recent memory traces. Hence, a disturbance
in sleep should disrupt the memory consolidation process. It is, therefore, possible that
sleep disturbances during pregnancy are ne gatively impacting on t he obs erved m emory
performances. To de termine w hether s leep plays a role in m emory consolidation, a
review of the available literature is necessary.
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M echanisms of Memory

To investigate the basis of memory impairments during pregnancyi, it is necessary
to e xamine t he pr ocesses i nvolved i n m emory and m emory c onsolidation. ~Although
much research exists on the brain regions involved in episodic memory, much remains
unclear. Episodes are highly variable in their information content, and it is believed that
the ne ocortical r egions activated at e ncoding d epend on t he na ture of t he ex perience
(Mayes & Roberts, 2001). For example, memory for visual elements of the experience is
stored in visual processing areas, memory for linguistic elements are stored in language
processing a reas, and soon. A fter e ncoding, t he r epresentations of the m emoryin
multiple neocortical sites must interact with the hippocampal complex, located within the
mesial temporal lobe.

In terms of the storage of episodic memories, the most widely believed view is
that 1 ong-term e pisodic memories are de pendent on ne w protein s ynthesis and s torage
changes at s ynapses, initially oc curring in the medial temporal 1obes and hi ppocampus.
The s mall hi ppocampal network gradually * trains’ the large cortical network with very
slow and incremental changes in synaptic weight (McClelland, et al., 1995). As aresult,
storage changes gradually o ccur primarily i n the pos terior ne ocortex s o that r etrieval
ceases to depend on the medial temporal lobes. It is proposed that the medial temporal
lobes initially store a kind of index, which enables the different neocortical regions that
represent t he di stinct ¢ omponents of a r emembered e pisode t o be activated t ogether
despite the fact that there are no direct links between them initially (Mayes & R oberts,
2001). D irect links develop slowly through the ne ocortical pl astic process, and at this
point, cortical representations no longer benefit from hippocampal reactivations, and thus,
no 1 onger de pend upon t he hi ppocampal s ystem. I nthis fashion, the m odel exhibits

gradual consolidation which can be thought of as strengthening the memory. In this way,
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memory for the entire experience is stored in a distributed fashion across multiple cortical
areas (McClelland, et al., 1995).

In contrast, the brain structures thought to be central to the circuitry involved in
implicit me mory are the basal ganglia. The basal ganglia receive projections from all
regions of the neocortex and send projections via the globus pallidus and ventral thalamus
to the pr emotor c ortex. T he basal ganglia also receive pr ojections from c ells in the
substantia nigra. The model for implicit memory has been developed from an extensive
series of studies using monkeys and rats. Animals with damage to the basal ganglia
circuitry appear to display preserved declarative memory, but impaired learning of motor
skills, appropriate responses to cues, and association tasks. Further, patients with damage
to t he ba sal ga nglia, s uch a s i n H untington’s ¢ horea, d emonstrate i mpairments i n
procedural learning tasks but unimpaired verbal-recognition memory (Kolb & W hishaw,
2007).

Memory Consolidation in Sleep
Mechanisms of Memory Consolidation in Sleep

During sleep, a central mechanism for memory consolidation is thought to be the
covert r eactivation of n euronal popul ations us ed for encoding the respective m aterials
during pr ior | earning (Maquet, 2001; M cNaughton, e t a I., 2003; S tickgold, H obson,
Fosse, & F osse, 2001). Ithasb een p roposed t hat t he r eactivation o f hi ppocampal
memory r epresentations dur ing s leep dr ives a transfer of i nformation t o ne ocortical
networks in which it becomes consolidated and integrated into long-term representations
residing in neocortical networks (Buzsaki, 1996; McClelland, et al., 1995; McNaughton,
etal ., 2003). A sde scribed e arlier, dur ing w akefulness ne w 1 nformation e nters t he
hippocampal region through the entorhinal cortex, where is it stored temporarily without

disturbing previously acquired memories. D uring NREM and SWS, it is proposed that
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the flow of information is reversed and hippocampal e fferents to the ne ocortex be come
predominant.

Similarly, Buzsaki (1989) puts forth the possibility that sharp wave (SPW) bursts
carry vi tal i nformation a nd t he r epeated bur sts dur ing s leep s erve t o ¢ onsolidate t he
embedded information and transfer it to neocortical structures. SPW bursts are the most
synchronous ne twork p attern i n t he 1 imbic s ystem, a nd a re pr edominant dur ing s leep
(Buzsaki, Leung, & Vanderwolf, 1983). S WS represents the highest coherent neuronal
activity in m any forebrain structures. The repeated recurrence of t he s ame n euronal
activity s hould s trengthen s ynaptic w eights a mong t he active members of the net; a
principle known as long-term potentiation. T herefore, it is not difficult to imagine how
coherently discharging neurons, binding together various attributes of objects and events
in the brain can modify their s ynaptic c onnectivity to form long-term me mories of the
perceived events.

In hum ans i ti s di fficult t o de monstrate s igns ofa replay of n ewly a cquired
memories dur ing s leep. T herefore, evidence for a n of f-line r eactivation has be en
provided m ainly from s tudies i n r ats us ing hi ppocampus-dependent s patial t asks. B y
using s ingle a nd m ultiple uni t r ecordings 1 n r ats, m any r esearchers ha ve f ound t hat
hippocampal activity observed during encoding was replayed during subsequent periods
of S WS (Kudrimoti, B arnes, & M cNaughton, 1 999; P avlides & W inson, 1989; Q in,
McNaughton, Skaggs, & Barnes, 1997; Stickgold, et al., 2001; Wilson & M cNaughton,
1994). W ith the use of functional neuroimaging in humans, it has been posited that the
deactivation of mesio-temporal areas during SWS compared to wakefulness reflects local
slow s ynchronous os cillations (Maquet, 2000 ), already observed i nt he hi ppocampal
formation of r ats dur ing S WS a nd pos sibly r elated t o of fline r eactivation of 1 abile
memory traces during sleep for consolidation into more permanent knowledge structures
in the neocortex (Buzsaki, 1989, 1998; Wilson & McNaughton, 1994).
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Another popular theory regarding the assembly of a long-term memory involves
the ne urotransmitter a cetylcholine ( Ach), w hich i s i nvolved in t he r egulation of t he
NREM/REM s leep cycle (Hobson, S tickgold, & P ace-Schott, 1998), and has r eceived
considerable attention in memory research. According to a model of cholinergic memory
modulations proposed by Hasselmo and McClelland (1999), Ach inhibits feedback loops
within t he hi ppocampus a nd be tween t he hi ppocampus a nd ne ocortex. T hus, hi gh
cholinergic act ivity dur ing w akefulness al lows enc oding of ne w de clarative m emories,
whereas low cholinergic activity during SWS supports the spontaneous replay of newly
acquired 1 nformation i n t he hi ppocampus. T hisreplay t henleadsto t he t ransfer o f
information from the temporary hippocampal to the permanent neocortical storage and to
memory consolidation. I nline with this model, Gais and Born (2004b) found thatby
increasing | evels of ¢ holinergic t one dur ing S WS b y 1 nfusion of t he ¢ holinesterase
inhibitor physostigmine, the recall of a word list task was significantly impaired.
Although REM sleep is not as frequently related to declarative memory as SWS,
there still exists reason to explore its role in episodic me mory consolidation. Buzsaki
(1998) hypothesised that every new REM sleep episode with a new neocortical (dream)
content may alter the functional connectivity of the CA3 circuit of the hippocampus. The
newly created s ynaptic weights after e ach R EM sleep episode, in turn, de termine t he
recruitment order of the discharging neurons in subsequent SPW events associated with
the ensuing SWS cycle. Therefore, Buzsaki (1989) hypothesised that the goal of REM
sleep is to ‘update’ connectivity of the CA3 recurrent matrix, which information will be
consolidated a nd t ransferred ba ck t o t he ne ocortex dur ing t he following S WS pe riod.
From hi s pe rspective, b oth R EM and S WS s tages are c ritical for m emory formation,
representing the ‘loading’ and ‘consolidating’ stages of the physiology-based model.
Significantly activated cortical areas in REM sleep include the anterior cingulate
cortex, the parietal 1obule, the inferior temporal and fusiform gyri and the hippocampal
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formation, which all receive an important number of amygdalar projections (Maquet &
Phillips, 1999). T he strong activation of amygdaloid complexes observed during REM
sleep suggests that they modulate the activity of cortical areas during REM sleep and that
this amygdalo-cortical interplay reflects the p rocessing o f's ome t ype o f m emory trace,
mainly emotional or procedural memories (Peigneux, et al., 2001).

The Role of Sleep Stagesin Memory Consolidation

The role of sleep stages implicated in memory systems has been interpreted in two
different ways. The dual-process hypothesis argues that REM sleep and NREM sleep act
differently on memory traces, depending on the memory system they belong to. The most
common hypothesis is t hat S WS f acilitates the ¢ onsolidation of de clarative me mory,
whereas REM sleep facilitates consolidation of non-declarative memory (Plihal & Born,
1997). A lternatively, the double-step process view contends that SWS and REM sleep
play c omplementary roles and have to act serially in order to c onsolidate the m emory
trace (Stickgold, Whidbee, Schirmer, Patel, & Hobson, 2000). In other words, each state
would s ubserve a p art of a process w hich r equires bot h t o be fully e ffective (Ficca,
Lombardo, Rossi, & Salzarulo, 2000).

The dual-process hypothesis of memory consolidation in sleep has received much
support for the specific role of SWS sleep in episodic memory consolidation. One way to
investigate the e ffects of sleep stages on m emory processes is by dividing the retention
interval into either early night sleep versus late night sleep. In humans, sleep in the early
part of the night is dominated by extensive epochs of SWS, whereas periods of sleep later
in the night are characterised by high amounts of REM sleep. One of the earliest studies
to use this technique was by Yaroush, Sullivan, and Ekstrand (1971), who compared the
firsta nd s econd ha If of t he ni ght of s leep usinga ve rbal pa ired associates t ask.
Participants who were allowed to sleep during the first half of the night (dominated by
Stage 4 sleep) showed superior memory to those who were only allowed sleep in the later,
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REM sleep dominant part of the night. A totally sleep deprived group did not perform as
well on the memory task as those who received large amounts of Stage 4 sleep.

Fowler, Sullivan, and Ekstrand (1973) compared the first half and second half of
the night of sleep as retention intervals for paired associate learning and visual memory
for nons ense s hapes. T hey found t hat m emory r etention for word p airs w as i nferior
following an interval of relatively high amounts of REM sleep compared to an interval
with relatively high amounts of Stage 4 sleep. T here was no memory effect of retention
interval ¢ ondition for t he nons ense s hapes task. P lihal, P ietrowsky, and B orn (1999)
partly replicated these findings in their study, showing that recall of a paired associate
word list was substantially improved following early sleep filled with SWS, in contrast to
the marginal and nonsignificant improvements seen following late sleep filled with REM
sleep.

By us ing t he s ame r esearch t echnique, D rosopoulos et al. (2005) used a w ord
recognition task to demonstrate that explicit recollection was generally enhanced after 3-
hour retention intervals of sleep compared to wake intervals of the same duration, and that
the enhancing effect of sleep on explicit memory was particularly pronounced after early
night r etention s leep. S imilarly, P lihal and Born (1997, 1999) found that recall for a
verbal paired associates task and a mental spatial rotation task was better after sleep than
after wakefulness, and that recall was better when the retention interval was filled with
SWS (early sleep) rather than with REM (late) sleep.

Barrett and Ekstrand (1972) contend that many sleep studies 1ooking at memory
consolidation have confounded the sleep-awake variable with time of day. To control for
the influences of circadian and other biological rhythms, Barrett and Ekstrand compared
forgetting over intervals of sleep with forgetting over intervals of wakefulness, when the
intervals for both conditions occurred at the same time during the day. The sleep interval
was further divided into two different conditions, one with high Stage 4 sleep and low
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REM sleep, and the other with high REM sleep and low Stage 4 s leep, again run at the
same time of day. The results of the study led the researchers to conclude that retention
of a paired associate word list over the high REM sleep interval was inferior to retention
over the high Stage 4 s leep interval, and that these two e ffects cannot be explained as
artefacts of a circadian rhythm effect on memory.

Alternatively, the dual-process hypothesis that REM sleep facilitates consolidation
of non-declarative or implicit memory has also received support. For example, a study by
Karni, T anne, R ubenstein, A skenasy, and S agi (1994) showed t hat pe rformance on a
basic visual discrimination task ( perceptual 1 earning) i mproved a fter a normal ni ght of
sleep. However, selective di sruption of R EM sleep r esulted i n no pe rformance ga in
during a comparable sleep interval, whereas SWS disruption did not affect improvement.
Also, a s tudy e xamining pos t-training s leep in hum ans f ollowing me mory training
demonstrated increases in the number and density of rapid eye movements in REM sleep
during the night of sleep following cognitive procedural/implicit task acquisition (C. T.
Smith, Nixon, & Nader, 2004).

Fischer, Hallschmid, E Isner, and Born (2002) used a s equential mot or ta sk to
show that sleep after task practice, independent of whether sleep occurred during daytime
or ni ghttime, e nhanced s peed of s equence pe rformance a nd r educed r ate of e rrors
compared with corresponding intervals of wakefulness. Correlation coefficients indicated
that g reater p erformance g ains w ere not ed i n participants w ith hi gh a mounts of R EM
sleep, pointing to a particular relevance of REM sleep in procedural memory formation.

Plihal and B orn (1997) and Plihaletal. (1999) assessed t he c onsolidation of
mirror-tracing skill (procedural learning) using the partial sleep deprivation paradigm in
which the retention interval is either placed in the first or the second half of the night,
dominated by SWS and REM sleep respectively. T he authors found that mirror-tracing
skill impr oved more a fter R EM s leep than after S WS. U sing the same partial s leep
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deprivation pa radigm, Plihal a nd B orn (1999) found t hat pr iming, a f orm of non -
declarative m emory, w as m ore effective after a 3 -hour p eriod o fl ate r etention sleep
compared to early retention sleep.

C. Smith (2001) reviewed the relationship between procedural memory and REM
sleep, and revealed that 14 out of 16 s tudies utilising tasks of a procedural nature all
reported 1 ncreases i n s ome ¢ omponent of R EM s leep. S ome of t he s tudies r eported
increases in the num ber of minutes of REM sleep or percentage of R EM sleep, while
others observed increases in the number of actual REM’s and REM densities. F urther,
studies involving t otal R EM s leep de privation reported a lack o fe ffect on d eclarative
memory, whereas studies involving procedural memory reported impairment of memory.

The doubl e-step process of memory consolidation in sleep pos tulates that SWS
and REM sleep play complementary roles and have to act serially in order to consolidate
the memory trace (Giuditta, et al., 1995; Stickgold, et al., 2000). Using a b asic visual
discrimination t ask, G ais, P lihal, Wagner, a nd Born (2000) were a ble t o s how t hat
performance ont het ask i mproved s ignificantly after e arly ( SWSr ich) s leep, but
improvement was even more important after a whole night of sleep, suggesting that both
SWS and REM sleep may be necessary for an optimal consolidation process. U sing the
same vi sual di scrimination task, Stickgold eta 1. (2000) foundt hat pe rformance
improvement correlated with the amount of both SWS in the first quarter of the night, and
the amount of REM sleep in the last quarter. A two-step process, modelling throughput
as the product of the amount of early SWS and late REM sleep, accounted for 80% of
inter-subject variance, suggesting that both SWS and REM are required for consolidation
of this task.

Ficca et al. (2000) have shown that recall of pairs of unrelated words is impaired
after fragmented sleep leading to a disruption of the sleep cycle, but not if awakenings
during the night preserved the sleep cycle. In both conditions, the amount of REM and

24



Chapter 1 — Literature Review
NREM s leep was s imilar. T his e mphasises th e impor tance of s leep organisation of
NREM-REM sleep cycles, rather than a specific stage of sleep. Mazzoni et al. (1999)
investigated t he i mportance of s leep s tructure for s leep-related memory pr ocesses b 'y
studying recall of words in a sample of 30 elderly people. T hey found that recall was
positively related to the average duration of sleep cycles, and the proportion of total sleep
time spent in sleep cycles.

So far, r esults s upport e ither the dua l-process or the doubl e-step h ypotheses of
memory consolidation in sleep. Even so, the relationship between individual sleep stages
and m emory ¢ onsolidation i s pr obably not t hats imple (Gais & B orn, 2004a ), as
demonstrated by some contradictory findings. F or example, Empson and Clarke (1970)
found t hat t he r ecall of w ords, gr ammatically correct but m eaningless sentences, and
prose passages w as s ignificantly impaired after selective R EM sleep deprivation. The
recall o f short stories was also sensitive to R EM sleep deprivation (Tilley & E mpson,
1978). A beneficial e ffect of R EM sleep has also been found for the recall of words
belonging to different semantic c ategories (Tilley, 1981) ,a nd f ort he r etention of
emotional te xts (Wagner, Gais, & Born, 2001). In areview of the literature, R auchs,
Desgranges, Foret and Eustache (2005) concluded that while substantial evidence for the
role of REM sleep in the consolidation of non-declarative memories exists, some studies
concerning perceptual motor learning indicate a r elationship to features of NREM sleep.
For example, in a finger-tapping t ask where s ubjects w ere r equired t o type a s imple
numeric sequence on a computer keyboard, subsequent retesting 4-12 hours later the same
day showed no s ignificant improvement. In contrast, after a ni ght of sleep a significant
20 percent increase in speed was s een, an increase that correlated with the am ount of
Stage 2 NREM s leep in the |l ast qua rter of t he ni ght (Walker, Brakefield, M organ,

Hobson, & Stickgold, 2002).
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Objection to the Relationship between Sleep and Memory

Although support has been shown for memory consolidation in sleep, there are a
handful of studies disputing this relationship. For example, Chernik (1972) and Castaldo,
Krynicki, and Goldstein (1974) found that verbal paired associate learning was unaffected
by selective REM sleep deprivation, with Castaldo et al. also observing no changes in any
REM or NREM sleep parameter following task acquisition. A lso using a verbal paired
associate t ask, E kstrand, S ullivan, P arker, and W est (1971) found t hat 1 earning w as
unaffected by deprivation of either Stage 4 sleep or REM sleep following task acquisition.
Zimmerman, Stoyva, and Reite (1978) conducted a series of closely related experiments
designed to investigate possible R EM sleep augmenting ef fects of s patially r earranged
vision. They concluded that there was no consistent effect of distorted daytime vision on
the a mount or pe rcentage of R EM s leep, R EM 1 atency, o r t he num ber of rapid e ye
movements dur ing R EM s leep pe riods. M ost recently, Genzel, Dresler, Wehrle,
Grozinger, and Steiger (2009) tested verbal paired associate learning and sequential finger
tapping by depriving p articipants onc e each of REM sleep and SWS, and once letting
them sleep undisturbed through the night. They found that although REM sleep and SWS
awakenings led to a significant reduction of the respective sleep stages, both declarative
and pr ocedural m emory c onsolidation m easured 60 hour s I ater r emained unaffected.
However, Genzel et al. did find a positive association between verbal paired associate
learning and sleep spindles in the first third of the undisturbed night.

In their reviews, Vertes (2004) and Vertes and Eastman (2000) present several
arguments against a role for sleep in memory consolidation. Firstly, Vertes argues that as
the mental or cognitive content of sleep is dreams, then the hypothesis that sleep serves a
role in m emory consolidation w ould be more appealing i f dr eams reproduced w aking
experiences, but they do not. V ertes also argues that the c ontents of sleep are poorly
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remembered, which s uggests t hat s tructures r esponsible f or e ncoding a nd s torage o f
information in waking are suppressed or absent in sleep.

Schwartz (2003) providesa pos sible e xplanation f ore pisodic m emory
consolidation dur ings leep. D uringt he w aking s tate, i nformation f lowst ot he
hippocampus, which links together the various elements of an episodic memory that will
be stored in different neocortical areas. During SWS, the memory trace is transferred to
the neocortex through neuronal bursts initiated in the hippocampus. In contrast, during
REM sleep (when dreaming is most common), the hippocampal outflow to the neocortex
is blocked, and information flows mainly in the opposite direction. D uring REM sleep,
the information arriving in the hippocampus, at least for recent memories, probably flows
from independent cortical modules. Because of this, there is no reason to expect a report
of complete and integrated episodic memories during REM sleep. T he results would be
different for older, consolidated memories, this is, stored within inter-connected cortical
modules. M oreover, recall processes d epend o n the integrity of the pr efrontal ¢ ortex,
which is deactivated during sleep. T hus, one can assume that episodic elements will be
reactivated during sleep in a fragmented fashion, rather than in the form of an integrated
life episode.

In regards t o a nimal s tudies of m emory c onsolidation i n s leep, V ertes (2004)
proposed that “stress” due to the sleep d eprivation method used, rather than sleep 1oss,
largely accounts for the learning impairments in many of these studies. Specifically, it
has been argued that impairments with sleep deprivation were not true memory deficits,
but merely performance deficits as the animals were unable to perform the required tasks
due t o t he ph ysically d ebilitating e ffects of t he de privation. A Ithough hum an s leep
deprivation methods are not as severe as those used with animals, participant stress levels

are an important variable in studies of sleep and memory and should be considered.
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Vertes (2004) and Vertes and Eastman (2000) also use the case of a patient with
lesions in the left prepontine cistern, medial left temporal lobe, and left thalamus (Lavie,
Pratt, S charf, P eled, & B rown, 1984) to pr ovide s upport f or t heir ¢ ontention. A n
examination of the patients’ patterns of sleep revealed a virtual absence of REM sleep.
Vertes and Eastman claimed that despite this, the man led a normal life. A closer look at
Lavie et al.’s (1984) study reveals t hat no ne uropsychological t esting w hatsoever w as
performed on t he pa tientt o a ssess hi s ¢ ognitive f unctioning; t he on ly hi ntt o hi s
functioning was that ‘the patient had a relatively normal life’ (Lavie et al., 1984, pg. 120).

Another a ttempt t o refute m emory c onsolidation during sleep by V ertes (2004)
and Vertes and Eastman (2000) involved research into antidepressant drugs. Virtually all
major a ntidepressant dr ugs s uppress R EM s leep, and itis c laimed t hat t hey have no
detrimental effect on cognitive functions. Within their argument, the authors state that the
general cognitive status of individuals on one class of anti-depressant drugs has not been
systematically examined.

In all, it appears that Vertes (2004) and Vertes and Eastman (2000) have not
covered sufficient ground to make their assertion that there is no compelling evidence to
support a r elationship be tween s leep and m emory consolidation. Many of't heir
supporting s tudies di d not e mploy s ystematic m ethods of 1 nvestigating ¢ ognitive
functioning to confirm their standpoint. M ost notably, Vertes, and Vertes and Eastman
focused their review on REM sleep deprivation to argue their case, and almost neglected
to mention S WS. T he authors do not m ake a ve ry pe rsuasive a rgument a gainst t he
hypothesis of memory consolidation during sleep.

On the whole, the research detailing the process of memory consolidation during
sleep seems very feasible. A s discussed previously, difficulties with both memory and
sleep are experienced during pregnancy. It is possible that these processes are linked; in
that di sturbance of s leep dur ing pr egnancy i s responsible f or t he m emory pr oblems
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encountered. T hese findings logically lead to an investigation of whether this is in fact
the case.

Can Memory Impairment during Pregnancy be attributed to Sleep Disturbance?

To date, no studies have investigated whether sleep disturbances during pregnancy
are responsible for the observed memory impairments. Janes et al. (1999) observed that
pregnant pa rticipants r eported s ignificantly m ore s leep di sruption (as a ssessed by one
question) and that this was a significant predictor of reported memory change. Keenan et
al. (1998) reported that all of the pregnant women in the study noted difficulty with sleep,
but there was no significant correlation between sleep loss and paragraph recall. This
result is questionable however, as Keenan et al. neglect to mention how they measured
difficulty with sleep, and provide no statistical evidence.

Based on the assertion that sleep facilitates memory consolidation, it is proposed
that as sleep disturbances are commonly reported and objectively measured in pregnant
women, and as pregnant women h ave b een s hown to have m emory i mpairments, itis
reasonable to investigate whether sleep disruptions contribute to memory impairment in
pregnancy.

Possible Confounders

One potential problem with this investigation is that during pregnancy, there are
alterations in respiratory function that can lead to alterations in maternal ox ygenation
during sleep (Connolly, et al., 2001; Izci, et al., 2003; Prodromakis, Trakada, Tsapanos, &
Spiropoulos, 2004). T he brain receives a s ignificant por tion of t he c ardiac out put of
oxygen, but it doe s not store ox ygen. T herefore, s ustained ox ygen de privation m ay
render cerebral autoregulatory mechanisms ineffectual and the brain may become injured
(Caine & Watson, 2000). Even lower levels of oxygen deprivation can be associated with

brain damage if the h ypoxic e pisodes c ontinue or frequently recur (Gibson, Pulsinelli,
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Blass, & D uffy, 1981). T he hi ppocampus, w hich i s heavily implicated in memory
consolidation, is particularly vulnerable to oxygen deprivation (Caine & Watson, 2000).

Prodromakis et al. (2004) and Schorr et al. (1998) found no significant differences
in m ean a nd m inimal ox ygen s aturation i n pr egnancy compared t o p ostpartum a nd
controls. There were also no significant sleep-stage related oxygen saturation differences.
Bourne, O gilvy, Vickers and W illiamson (1995) did find t hat m ean ove rnight ox ygen
saturation in t he p regnant g roup w as s ignificantly | ower t han t hat i n t he nonpr egnant
group, although the pregnant group still showed ox ygen saturation levels ranging from
91%-98%, with a mean of 95.2%. The normal range for oxygen saturation at sea level is
approximately 95 -99% (Crapo, J ensen, H egewald, & T ashkin, 1999) , t herefore t he
pregnant group s hould not di splay any ill e ffects due t o s aturation 1 evels. E ven s o,
oxygen saturation will need to be monitored and controlled for when examining memory
consolidation in sleep.

Another c onsideration t o be made in regards t o t he r elationship be tween s leep
deprivation and memory consolidation is the role of attention. The clearest effect of sleep
loss is s leepiness, and the ma jor out come of the lite rature r elating sleepiness a nd
behavioural functioning has been response slowing and attentional lapses (Bonnet, 2000).
Performance d ecrements after sleep deprivation include a decrease in the ability of the
sleep-deprived pe rson t o focus t he a ttention a nd ef fort ne cessary t o complete t he t ask
successfully (Johnson, 1982; M eddis, 1982). Results from e xperiments e xamining the
relationship between sleep and mental performance generally show that sleep deprivation
is associated with increases in lapses of attention (Banks & Dinges, 2007; Polzella, 1975;
Williams & Lubin, 1967). T he impairments are thought to reflect the reduced level of
alertness produced by sleep deprivation and the increased propensity to take microsleeps
(Tilley & Brown, 1992). It is therefore conceivable that any memory deficits found after
sleep di sruption ha ve b een s omewhat i nfluenced by attentional failures. Theroleo f
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attention ne eds t o be investigated as a c onfounding variable to see if it me diates the
relationship between sleep deprivation and memory impairment.

Depressive s ymptomatology in the prenatal period is a significant problem with
reported prevalence rates between 14% and 37% (Andersson, et al., 2003; A. M. Lee, et
al., 2007; Priest, Austin, Barnett, & Buist, 2008), and has the potential to impact on both
sleep patterns and memory performance. Individuals w ith de pressive mood di sorders
have b een shown to exhibit s ignificant impa irments in explicit me mory function
(Bearden, et al., 2006), particularly episodic memory (Sweeney, Kmiec, & Kupfer, 2000).
Pregnant w omen 1 dentified as b eing depressed report poo rer s leep quality t han their
nondepressed counterparts (Field, et al., 2007; Jomeen & Martin, 2007), and researchers
have also begun to assess sleep deprivation as a contributor to both prenatal (Skouteris,
Germano, W ertheim, Paxton, & Milgrom, 2008) and postnatal mood changes (Wilkie &
Shapiro, 1992; Wolfson, Crowley, Anwer, & Bassett, 2003). T herefore, the mood state
of the pregnant women also needs to be taken into account.

Rationale of the Study

The pur pose of this research is to examine t he r elationship between s leep and
memory du ring p regnancy. It is widely know n t hat pr egnant w omen report m emory
problems during pregnancy (Casey, et al., 1999; Parsons & Redman, 1991; Sharp, et al.,
1993), and these difficulties have been confirmed with objective measures (Buckwalter, et
al., 1999; Keenan, etal., 1998; Sharp, et al., 1993). It has also been documented that
pregnant w omen ha ve di sturbancesi ns leep, e specially dur ingt he t hird t rimester
(Brunner, et al., 1994; Hertz, etal., 1992). M emory impairment has c onsistently be en
linked to measures of sleep deprivation (Drosopoulos, et al., 2005; Plihal & Born, 1997;
Yaroush, et al., 1971). In summary, the aim of this research study is to establish whether

memory 1 mpairments i n pr egnancy c anb e a ttributedt o s leep di sturbances, while
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controlling for variables such as attention, m ood, hor mone 1 evel and noc turnal ox ygen

saturation levels.
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Preface

Memory pr oblems a re r eported by pregnant w omen so frequently that thi s
phenomenon is c ommonly j oked about, and has even been given labels such as “baby
brain” or “placenta brain”. A sk any new mother and she will likely have an amusing
anecdote about a | apse in memory which she attributed to her pregnancy. S tudies have
consistently found that pregnant women report memory difficulties more frequently than
nonpregnant w omen or when compared t ot heir pr e-pregnant s tate. T he r esearch
investigating objectively measured memory performance during pregnancy is not as clear
cut how ever, w ith v arying | evels of 1 mpairment r eported on a num ber of di fferent
memory tasks.

The pur pose of the first e mpirical ¢ hapter of this the sis is to report the ini tial
findings of an investigation into memory consolidation during sleep in pregnancy. In
particular, C hapter 2 a ims to investigate e pisodic and procedural m emory pe rformance
during the f irsta nd third trimesters of pr egnancy, w hilst a ccounting f or pos sible

confounding factors.
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Chapter 2 —Episodic and Procedural Memory in Pregnancy
Abstract
This study investigated episodic and procedural memory performance in early and
late pregnancy. Twenty-six women in the third trimester of pregnancy, 20 women in the
first trimester of pregnancy and 24 nonpr egnant controls were administered a battery of
verbal and vi sual episodic m emory t asks and t wo pr ocedural m emory tasks. R esults
indicated t hat ¢ ompared t o ¢ ontrols, bot h pr egnant groups h ad reduced scores on
immediate and delayed verbal episodic memory tasks, but were unimpaired on visual and
procedural m emory tasks. V erbal m emory di fferences c ould not be accounted forby
mood state or attention; however progesterone level accounted for a small amount of the
variation. Although memory differences were minor, the perception of memory problems

may have implications for everyday living for pregnant women.

Keywords: Pregnant, Explicit, Implicit, Recall, Recognition, Attention
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Chapter 2 —Episodic and Procedural Memory in Pregnancy
Anecdotal reports of m emory problems dur ing pr egnancy a re abundant. In
particular, pregnant women frequently rate their memory as worse than normal (Crawley,
Dennison, & Carter, 2003; McDowall & Moriarty, 2000; Parsons & Redman, 1991) and
are more likely than non pregnant women to have memory complaints (Brindle, Brown,
Brown, Griffith, & Turner, 1991; Casey, Huntsdale, Angus, & Janes, 1999; Janes, Casey,
Huntsdale, & A ngus, 1999; S harp, Brindle, Brown, & T urner, 199 3). Ho wever,
subjective reports may not reliably indicate actual performance, and pregnant women may
be more aware of their cognitive slips due to cultural expectations of cognitive decline
during pr egnancy (Crawley, G rant, & H inshaw, 2008) . O bjective t echniques ha ve
consequently been employed to investigate memory performance during pregnancy.
Explicit memory refers to the conscious recall or recognition of facts (semantic
memory) or events (episodic memory) and is commonly tested in experimental settings.
Compared t o ¢ ontrols, pregnant w omen ha ve shown s ignificant de ficits on e xplicit
memory tasks such as word-list learning (Buckwalter, et al., 1999; de Groot, Vuurman,
Hornstra, & Jolles, 2006; Sharp, et al., 1993), paragraph recall (Keenan, Yaldoo, Stress,
Fuerst, & G insburg, 19 98) and semantic fluency (de G root, H ornstra, Roozendaal, &
Jolles, 2003) . D ifficulty in discriminating r elevant f rom ir relevant responses le d
Buckwalter et al. (1999) to conclude that pregnancy is associated with less effective, more
haphazard learning s tyles. A recent m eta-analysis indicated t hat pr egnant w omen are
specifically 1 mpaired on memory m easures t hat pl ace hi gh demands on e xecutive
cognitive c ontrol (Henry & R endell, 2007). In contrast to e xplicit me mory, impl icit
memory can be acquired and re-expressed without conscious awareness but behavioural
performance i s af fected. P riming ha sbe en af ocus, with pregnant w omen us ing
significantly fewer words from a priming list to complete word stems than do controls

(Brindle, et al., 1991; Sharp, et al., 1993).
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Physiological and psychological factors differ as a function of stage of pregnancy
and parity. Some investigators describe memory impairments appearing as early as the
first trimester (de Groot, et al., 2003; de Groot, et al., 2006; Sharp, et al., 1993) whereas
others describe a maximal decline in memory in the second trimester (Shetty & Pathak,
2002) or the third trimester (Keenan, etal., 1 998). M emory performancei s o ften
unrelated to prior pregnancy history (Casey, et al., 1999; M cDowall & Moriarty, 2000;
Parsons, et al., 2004; Sharp, et al., 1993), however Brindle et al. (1991) found that only
primigravid women were impaired on implicit memory measures.

Impaired m emory function dur ing pr egnancy i s not a lways obs erved (Casey,
2000; Casey, etal., 199 9; C hristensen, P oyser, Pollitt, & C ubis, 1999). S pecifically,
pregnant w omen ha ve b een uni mpaired on m easures of ve rbal a nd vi sual r ecognition
(Sharp, et al., 1993), recall of visually presented objects (Brindle, et al., 1991; Sharp, et
al., 1993) word-list r ecall (Brindle, etal., 1991), story recall (Crawley, etal., 2003;
Crawley, et al., 2008) and priming (Casey, et al., 1999; Janes, et al., 1999; McDowall &
Moriarty, 2000) .  Prospective me mory, orr emembering to remember, isla rgely
unimpaired dur ing pr egnancy (Casey, etal ., 1999; C rawley, e ta 1., 2 008), a Ithough
Rendell and Henry’s (2008) data suggest t hat pr ospective m emory di fficulties m ay be
context de pendent. Al arge ex perimental s tudy condu cted recently concluded that
pregnancy and m otherhood a re not a ssociated with p ersistent c ognitive de terioration
(Christensen, Leach, & Mackinnon, 2010).

Pregnancy is associated w ith dramatic ho rmonal cha nges; bot h oestrogen and
progesterone i nfluence brain r egions t hat s ubserve 1 earning a nd m emory (Dohanich,
2003). Oestrogen administration appears to help enhance verbal memory and capacity for
new learning (Kampen & Sherwin, 1994; Sherwin, 1997), however there is little evidence
to suggest that very high oestrogen levels like those in pregnancy have a beneficial effect
on m emory (Brett & B axendale, 2001) . T he a ctions of pr ogesterone on m emory
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structures has been rarely studied, though progesterone concentrations equivalent to term
pregnancy levels in healthy premenopausal women have been associated with decreased
verbal memory function (Freeman, Weinstock, Rickels, Sondheimer, & Coutifaris, 1992).
Despite thi s, no ¢ onsistent a ssociations be tween hor mones a nd ¢ ognition dur ing
pregnancy have be en f ound (Buckwalter, e tal., 1999; S ilber, A Imkvist, Larsson, &
Uvnas-Moberg, 1990).

Depressive symptomatology in the prenatal period is a significant problem, with
reported prevalence r ates be tween 14% and 37% (Andersson, etal., 2003; Lee, etal.,
2007; Priest, Austin, Barnett, & Buist, 2008). Individuals with depressive mood disorders
have b een shown to exhibit s ignificant impa irments in explicit me mory function
(Bearden, et al., 2006), particularly episodic memory (Sweeney, Kmiec, & Kupfer, 2000).
Mood symptoms experienced by some women during pregnancy may plausibly impact on
memory function. Pregnancy also triggers a major lifestyle adjustment and the mother-to-
be is likely to focus on t heir current state of pregnancy rather than on t he world around
them (Crawley, 2002 ). T his hi gh de gree o i ntrospection m ay r esult i n a ttentional
fluctuations and make encoding new information and learning new skills more difficult.

The e xperience of ¢ ognitive di fficulties ¢ an be frustrating and ups etting for an
individual. During a time such as pregnancy, women need to learn new information and
skills pe rtaining t o t he ¢ are o f t heir ne wborn 1 nfant and are r equired t o c omply with
specific medical instructions. M emory problems at such a time would disadvantage the
mother-to-be.

A di screpancy cu rrently exists be tween the consistently r eported memory
problems dur ing pr egnancy a nd t he ¢ onflicting findings on obj ective testing. O nly a
limited number of studies using well-established neuropsychological techniques exist, but
variations in their m ethodologies and choice of m emory tasks mayhaveled to their
contradictory conclusions. Furthermore, procedural memory, a type of implicit memory
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which i ncludes m otor a nd ¢ ognitive s kill | earning and p erceptual “ how t 0” | earning
(Lezak, Howieson, & Loring, 2004), has not been investigated in pregnancy.

This article aims to report the initial findings from a study looking at the impact of
sleep on memory consolidation during pregnancy. Specifically, the purpose of this study
is t o i nvestigate e pisodic a nd pr ocedural m emory performance du ring early and 1 ate
pregnancy, whilst accounting for possible contributors to memory impairment including
attentional deficits, hormonal change and mood disturbance. Based on consistent reports
of m emory pr oblems d uring pr egnancy a nd ob jectively m easured m emory d eficits in
much of the literature, it is hypothesised that pregnant women will show impairments on
memory tasks in comparison to the nonpregnant controls.

Method
Participants

The Human Research Ethics C ommittees at A ustin Health, Mercy Hospital for
Women and La Trobe University approved this study, and informed consent was obtained
from all participants (See Appendix B). Four hundred and thirty pregnant women from
the O utpatient O bstetrics C linic at the M ercy H ospital for W omen were ¢ onsecutively
approached to participate in the study; ofthese 56 agreed. P articipant declination was
mostly due to the requirements of the broader study. After volunteering to participate, 10
pregnant women withdrew prior to data collection due to pregnancy-related complications
or 1 nability t o a ttend t he t esting s ession. N onpregnant w omen were recruited from
advertisements in the ho spital ne wsletter and from friends of the pregnant participants.
Participants were excluded if they had a multiple pregnancy or pregnancy complicated by
hypertension, di abetes or pr e-eclampsia, as ignificant m edical, psychological or
psychiatric co -morbidity, a hi story of he ad i njury or m emory p roblems, poor E nglish
language skills, or if they were taking anti-depressant medication. In total, 26 women in
the t hird t rimester of pr egnancy ( T3: 30 -38 w eeks g estation), 20 w omen in t he first
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trimester of pregnancy (T1: 9-14 weeks gestation) and 24 nonpr egnant women ( control
group) participated in the study.

Materials

Memory tasks w ere chosen fort heirw idespreadus ei n standardised
neuropsychological t esting and t he a vailability of a ge- and sex-specific nor ms. A s
procedural memory has not yet been tested in pregnant women, task selection was based
on pr eviousr esearch examining procedural memory consolidationa nds leepi n
nonpregnant samples.

Memory questionnaire. Participants rated their current and general (or when not
pregnant) memory quality on a scale of 1 ( extremely poor) to 10 (extremely good), and
indicated whether they had noticed changes in memory and in attention and concentration
since be coming pr egnant ( or ove 1 t he pa st s ix m onths f or ¢ ontrol pa rticipants; See
Appendix C). Frequency of memory lapses over the past fortnight was rated on a scale of
“always”, “often”, “rarely”, or “never”.

Depression Anxiety Stress Scale — Short version (DASS21; Lovibond &
Lovibond, 1995). Current state of depression, anxiety and stress was measured using 21
items scored on a 4-point severity/frequency scale to rate the extent to which they have
experienced each state over the past week. The score range for each scale is 0-42.

Wechdler Abbreviated Scale of Intelligence (WASI; The Psychological
Corporation, 1999). The WASI is a short and reliable measure of intelligence, consisting
of four subtests which combine to yield the Full Scale IQ score. The WASI IQ scores are
scaled on a metric of a mean of 100 and a standard deviation of 15.

Test of Memory Malingering (TOMM; Tombaugh, 1996). This test assesses
effort and feigning of memory complaints in adults. Each of two learning trials contains
the same 50 line drawings of common objects shown for three seconds each. Following
each trial, recognition is tested with the presentation of 50 paired pictures with one target
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item plus a new line-drawn object. P articipants in this study were deemed to be giving
sufficient effort if they scored at least 45 out of 50 (90%) on the second trial.

Wechsler Memory Scale — Third Edition (WMS-I11; Wechsler, 1997). The
scaled s cores from the four primary subtests of L ogical M emory, Faces, V erbal-Paired
Associates and Family Pictures were used to assess episodic memory. The Rarely Missed
Index f or Logical M emory R ecognition (Killgore & D ellaPietra, 2000) was al so
calculated as a measure of response validity.

Austin Maze (Milner, 1965; Walsh, 1985). The maze consists of a grid of 10 x
10 buttons that must be pressed in a certain order to get from one corner to the opposite
corner. W hen the participant presses a button that is in the correct order they receive a
green light, and when they venture off track the light turns red and they must try another
path. Errors per trial are calculated as the number of times the participant presses a button
that is not on the correct path. A maximum of 10 trials were allowed to complete two
errorless tr ials; w ith the tot al s core a s t he ove rall num ber of e rrors for the 10t rials.
Delayed recall was assessed by the number of errors made on one further trial.

Rey Auditory-Verbal Learning Test (RAVLT; Rey, 1964). Alistof 15
unrelated nouns is read aloud for five consecutive trials; each trial is then followed by a
free-recall te st. O nly List A wasused forthisstudy. A fterthe delay period, the
participant i s required t o r ecall w ords w ithout f urther pr esentation o f't he w ord 1 ist.
Delayed recognition was tested whereby the participant must identify the 15 words from a
list of 50 words read aloud containing all items from List A and 15 w ords phonemically
and/or semantically similar to those in the list. Identified words that were not on List A
were scored as “false positive” responses.

Motor Sequence Learning. This procedural m emory task is the same as the
finger-tapping task used by Walker, Brakefield, Morgan, Hobson, and Stickgold (2002),
but for the purpose of this study is termed Motor Sequence Learning so as not to confuse
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with the Finger T apping T est (Reitan, 1979) used in neuropsychological test ba tteries.
Motor Sequence Learning requires participants to press four numeric keys on a standard
computer keyboard with the fingers of their left (nondominant) hand, repeating the five-
element sequence 4-1-3-2-4 as quickly and as accurately as possible for a period of 30
seconds. T he num eric s equence w as displayed at the top of the screen at all times to
exclude any working memory component to the task. Training consisted of ten 30-second
trials with 30-second rest periods between trials. T he scores (number of sequences and
number of errors) from the first trial of training were taken as the “baseline” measure, and
the a veraged s cores f romt he f inalt wot rialsw eret akena st he *“ posttraining”
performance. T he averaged scores of t wo further 30 -second trials assessed delayed
performance.

Mirror-Tracing Task (Model 31010; Lafayette Instrument Co., Lafayette,
Indiana). For this procedural memory task, participants were instructed to trace a flat,
six-pointed star with a pencil while only a mirror-inverted image of the star was visible.
Participants were instructed to be as quick and accurate as possible. Performance on each
of 10 trials was assessed by the number of errors (drawing outside the edges of the star)
and the time taken to trace the star. The scores from the first trial were taken as the
“baseline” measure, and the averaged scores from the final two trials were taken as the
“posttraining” performance. The averaged scores of two further trials assessed delayed
performance.

Test of Variables of Attention (TOVA; The TOVA Company, Los Alamitos,
California). The TOVA isa computerised a ttention t ask t hat measures r esponses t 0
visual stimuli for 21.6 minutes. The TOV A contains two test conditions: target infrequent
and target frequent. In the first half of the test (target infrequent), the target:nontarget
ratioi s 1: 3.5;a t argeti s pr esented ( randomly) onl yonc ee very 3.5 nont arget
presentations. In the second half of the test (target frequent), the target:nontarget ratio is
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reversed (3.5:1). Variables measured include response time, variability of response time
(consistency), errors of commission (impulsivity), and errors of omission (inattention).
Procedure

As the current study reports on part of a broader study investigating the impact of
sleep on memory c onsolidation, immediate me mory w as tested in the evening prior to
sleep and delayed memory was tested the following morning.

Participants ar rived at t he r esearch laboratory in the eve ning, having r efrained
from alcohol and caffeine from midday. The demographic questionnaire (see Appendix
D), m emoryqu estionnaire andt heD ASS21w erec ompletedbe foret he
neuropsychological tests were administered as ordered in Table 1. All participants were
tested atthe s ametime of da yb yth es ame inve stigator, w ho was tr ained in
neuropsychological test administration. The testing session took approximately two hours
and pa rticipants w ere g ivenr estbr eaksa sr equested. T he f ollowing m orning
(approximately ni ne ho urs 1 ater), t he de layed component of t he m emory t ests w ere

administered, and blood samples were taken for serum progesterone levels.
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Table 1

Schedul e of Neuropsychological Testing and Estimated Administration Time

Order of Testing Administration Time (mins)
Demographics and DASS21 5

WASI 30

TOMM 10

Motor Sequence Learning 10
Mirror-Tracing Task 10

Austin Maze 10

WMS-III 20

RAVLT 5

TOVA 20

Note. DASS21 = Depression Anxiety Stress Scale 21, WASI = Wechsler Abbreviated Scale of
Intelligence, TOMM = Test of Memory Malingering, WMS-III = Wechsler Memory Scale — Third Edition,

RAVLT = Rey Auditory Verbal Learning Test, TOVA = Test of Variables of Attention.

Statistical Analysis

All s tatistical ana lyses were pe rformed with the S tatistical Package for S ocial
Sciences 15.0 ( SPSS I nc., Chicago, I llinois). D ata were ¢ hecked f or linearity a nd
normality and non-normally distributed variables were transformed as appropriate. The
few extreme univariate outliers found (z score > 3.29) were assigned a raw score one unit
larger or smaller than the next most extreme score in the distribution, as recommended by
Tabachnick and Fidell (2007). There were no extreme outliers on any of the WMS-III or
RAVLT variables. A total of four third-trimester women, one first-trimester woman and
one control woman were unable to complete the Mirror-Tracing Task due to its difficulty.

TOVA data for one first-trimester woman were invalid due to an unanticipated disruption
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during the fourth quarter of the test. Up until this point performance was within normal
limits and therefore this participant was included in all other analyses. Chi-square tests
were us ed t o c ompare t he pregnancy groups on de mographic variables and s ubjective
memory ability. One-way between-groups analysis of variance (ANOVA) was used to
compare groups on the WMS-III subtests and the D ASS21. One-way be tween-groups
multivariate a nalysis of variance w as us ed to ¢c ompare gr oups on ove rall RAVLT and
Austin M aze pe rformance, w ith be tween-subjects ef fects i ndicating on which task
elements the groups differed. Procedural memory was analysed with one-way analysis of
covariance in order to control for existing differences in performance across the groups.
A mixed 3 (group) x 4 (quarter) analysis of variance was used to analyse TOVA response
time and response time variability. As progesterone is strongly linked to pregnancy status
it could not be a covariate for ANOVA; therefore the effect of progesterone on m emory
was 1 nvestigated using multiple r egression. E ffect s izes w ere ¢ alculated using eta-
squared and partial eta-squared with 95% confidence intervals according to Smithson’s
(2003) method. E ffect sizes of .01, .06 and .14 are considered small, medium, and large
in m agnitude. In or der t o de termine w hich groups di ffered on A NOVAs, pos t hoc
Newman-Keuls tests were set at a significance level of p <.05. A Il values are given in
mean = s tandard d eviation or m edian a nd i nterquartile r ange (IQR) f or non -normally
distributed variables.

Results
Participants

The average age in years of the third-trimester (M = 32.2, SD = 3.6), first-trimester
(M =294, SD =3.3) and control groups (M =29.3, SD =5.9) did not differ (p = .09).
Further demographic details for each of the groups are presented in Table 2. T he three

groups di d not di ffer i n t erms of ha ndedness, education 1 evel, employment s tatus or
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whether they already had children. However, significantly more pregnant women were in

a stable relationship as compared to the control group.

Table 2

Percentage of Participants in Each Demographic Category

Control Tl T3 P p

Right handed 87.5 95.0 96.2 1.60 45
Relationship status 25.61** <.001

Married/De facto 37.5 85 923

In a Relationship 25 15 7.7

Single 37.5 0 0
Has children 25 55 46.2 4.43 A1
Tertiary educated 87.5 100 76.9 5.38 .07
Employment 8.20 .09

Full time 50 45 38.5

Part time 50 50 38.5

Unemployed 0 5 23

Note. T1 = first trimester of pregnancy. T3 = third trimester of pregnancy.

#* < 01

I ntellectual Functioning

The third-trimester, first-trimester and control groups were equivalent in terms of
Verbal and P erformance 1Q, and subsequently Full S cale IQ did not di ffer a cross the
groups (control: M =114.8, D =8.2; T1l: M =111.1, D =8.6; T3: M =114.1, D =

10.7), F(2,67) = 0.96, p = .39).
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Measures of Effort

All participants scored 45 or greater on the second trial of the TOMM, indicating
that no participant was feigning memory difficulties.

Two control participants s cored under the cut o ff of 136 ont he Rarely Missed
Index for Logical M emory R ecognition. H owever, bot h of t hese pa rticipants s cored
above average on overall General Memory on the WMS-III and were deemed to be giving
sufficient e ffort dur ing testing. Several as pects of t he R AVLT pe rformance w ere
analysed for signs of malingering or reduced effort. All participants recognised at least
11 words ont he r ecognition c omponent of t he t ask (Berry & S chipper, 2008) and
performed b etter on r ecognition than they had in the first trial (Greiffenstein, Baker, &
Gola, 1996) and delayed recall (Bernard, Houston, & Natoli, 1993; Flowers, Sheridan, &
Shadbolt, 1996) further indicating that sufficient effort was given towards testing. Also,
no participant de monstrated “exceedingly poor learning” or “lack of primacy effect” as
defined by Barrash, S uhr, and M anzel (2004) as part of their E xaggeration Index for
auditory-verbal learning tests.
Episodic Memory

The m eans, s tandard de viations, s ignificance | evels a nd e ffect s izes w ith 95%
confidence intervals for each be tween-group c omparison on t he W MS-III subtests are
presented in Table 3. In terms of immediate memory, both the third- and first-trimester
pregnant groups performed significantly worse on the Logical Memory task than did the
control group; the effect size for this difference was large. A Ithough the difference in
scores a cross groups on the V erbal P aired Associates t ask was ne aring s ignificance,
simple contrast tests showed that the third-trimester pregnant group scored significantly
worse than the control group (p=.018). The groups did not differ on the Faces or Family

Pictures subtests.
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Table 3
Mean (x SD) of Immediate and Delayed Recall on the WMS-I 11 Subtests for Each Group

and Level of Sgnificance and Effect Szes for Between-Group Comparisons

Subtest Control Tl T3 F p partial n°°

Immediate Recall

LM 13.4+2.6, 11.6 £ 2.0y 11.4+2.0, 5.95*% .004 15 (.02, .27)
VPA 13.1+1.9 124+223 11.4+3.0 2.94 .06 .08 (.00, .21)
Faces 11.0+2.7 104+1.6 11.7+3.0 1.39 26 .04 (.00, .14)

Fam Pic 11.3+£2.2 10.7+2.8 9.9+3.1 1.57 22 .05 (.00, .15)

Delayed Recall
LM 126 £2.7, 9.8+2.7 11.0+2.6p, 6.44**  .003 .16 (.02, .30)
VPA® 13 13 13 1.93 15 .05 (.00, .17)
(12.3-13) (10-13) (10.8-13)
Faces 124+£29 11.3+2.7 12.6 £2.1 1.69 19 .05 (.00, .16)

Fam Pic 11.3+£23 10.7+3.2 9.8 +£3.1 1.49 23 .04 (.00, .15)

AudRec 122+2.7, 10.6 £ 2.5 104 +£2.2, 3.71% .03 .10 (.00, .23)

Note. WMS-III = Wechsler Memory Scale — Third Edition; T1 = first trimester of pregnancy; T3 = third
trimester of pregnancy. Means in the same row that do not share subscripts differ at p < .05 in the
Newman-Keuls significant difference comparison. LM = Logical Memory; VPA = Verbal Paired
Associates; Fam Pic = Family Pictures; Aud Rec = Auditory Recognition.

Adf =2,67. °95% Confidence intervals given in parentheses (upper, lower). values given as Mdn (IQR) as
variable was transformed, where Mdn = median, IQR = interquartile range.

*p<.05

**p<.01
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On delay, the third- and first-trimester pregnant groups p erformed s ignificantly
worse on t he Logical M emory t ask but not ont he V erbal P aired A ssociates t ask, as
compared to controls. Again, the effect size for the difference on Logical Memory was
large. There was a ceiling e ffect on the V erbal P aired Associates task, with 92% of
controls, 55% of first-trimester women and 62% of third-trimester women recalling all
word pairs on de lay (See Table 3). T he third- and first-trimester pregnant groups also
performed s ignificantly worse on t he r ecognition c omponents of t he a uditory s ubtests
than did the controls; the effect size for this difference was moderate to large. Again, the
groups did not differ on the Faces or Family Pictures subtests.
The average number of words recalled on each trial of the RAVLT by each group
is shown in Table 4. M easures of immediate memory on the RAVLT (Trial 1, T rial 5,
total) differed significantly across the groups, Wilks = .82, F(6,130) =2.32, p=.04, n* =
.10, with confidence intervals from .00 t 0 .16. Specifically, the control group recalled
significantly more words on each trial and in total for the five trials compared to both
pregnant groups (apart from Trial 3 on which the c ontrols recalled s ignificantly m ore
words than the third-trimester group only). Measures of delayed memory on the RAVLT
also differed significantly across groups, Wilks=.77, F(6,130) = 2.96, p =.01, n* =.12,
with ¢ onfidence i1 ntervals f rom .01t 0.19. Onde lay, t he ¢ ontrol group recalled
significantly m ore w ords, r ecognised s ignificantly m ore words, and m ade fewer false-

positives responses on recognition than did both pregnant groups.
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Mean (x SD) for RAVLT Recall and Recognition for Each Group and Level of

Sgnificance and Effect Szes for Between-Group Comparisons

Subtest Control Tl T3 F p partial n*°

Trial 1 83+2.1, 7.1 +£1.64 7.0+2.0, 3.28* .04 .09 (.00, .22)
Trial 2 13.0+1.6, 11.0+£22, 11.3£2.1, 6.90** .002 .17(.03,.31)
Trial 3 142+13, 133+1.7, 13.0£2.0, 3.61% .03 .10 (.00, .23)
Trial 4 14706, 140+1.0, 13.8+1.5, 4.53* .01 .12 (.00, .26)
Trial 5 150+0.2, 142+1.1, 139+1.7, 5.01** .009 .13(.01,.27)
Total 65.1+4.3, 595+£6.0, 589+£7.8, 6.80** .002 .17(.03,.31)
Delay 13.1+£2.0, 11.3+£3.1, 104£27, 7.18* .002 .18(.03,.32)
Recognition 15 (15-15), 15 (14-15), 15 (14-15), 3.68* .03 .10 (.00, .23)
Recog FP 0 (0-0.8)a 1 (0-3.5)y 2 (0-3)p 6.19** 003 .16 (.02, .30)

Note. RAVLT = Rey Auditory Verbal Learning Test; Recog FP = recognition false-positive responses; T1

= first trimester of pregnancy; T3 = third trimester of pregnancy. Means in the same row that do not share

subscripts differ at p <.05 in the Newman-Keuls significant difference comparison.

adf = 2,67. ®95% Confidence intervals given in parentheses (upper, lower).

*p<.05

#* < 01

The ave rage num ber of errors made on each trial of the A ustin Maze by e ach
group is shown in Figure 1. M easures of spatial episodic memory on t he Austin M aze
task (Trial 10 e rrors, learning over trials, total errors) did not di ffer a cross the groups,
Wilks= .95, F(6,130) = 0.59, p = .74, n? = .03, with confidence intervals from .00 to .05,
and there was no di fference in the number of errors made on delay, F(2,67)= 1.34, p =

27, n?= .04, with confidence intervals from .00 to .14.
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Figure 1. Mean number of errors (= SE) for the control (n=24), T1 (n=20), and T3 (n=
26) groups for each trial of the Austin Maze. T here were no significant di fferences
between groups on any trial of the task. T 1 = first trimester of pregnancy. T 3 = third
trimester of pregnancy.

Procedural Memory
Motor S equence Learning p erformance for each groupisshownin F igure 2.

There w ere no di fferences a cross groups ont he pos ttraining num ber of s equences,
F(2,65)= 2.29, p =.11, partial n* =.07, w ith confidence intervals from .00 t 0 .19, or
posttraining number of errors, F(2,65) = 2.00, p = .14, partial n? = .06, with confidence
intervals from .00 to .18, after controlling for baseline scores. The difference in number
of sequences on delay after controlling for posttraining scores was nearing significance,
F(2,65) =2.95, p = .06, partial n? = .08, with confidence intervals from .00 to .21, with
simple contrast tests revealing the control group performed significantly better than the

third-trimester group (p =.02). T here were no differences across the groups on e rrors
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made on delay after controlling for posttraining scores, F(2,65) = 2.37, p = .10, partial n?

= .07, with confidence intervals from .00 to .19.
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Figure 2. Mean number of sequences (+ SE) and mean number of errors (+ SE) for the
control (n=24), T1 (n=20), and T3 (n = 26) groups for baseline, for posttraining and on
delay fort he M otor Sequence Learningt ask. A fter ¢ ontrolling for pos ttraining
performance, the control group completed significantly more sequences than the T3 group
on delay (p=.02). T1 = first trimester of pregnancy. T3 = third trimester of pregnancy.

Mirror-Tracing T ask pe rformance f or e ach gr oup i s s hown in Figure 3. N o
differences across groups were found on time taken to trace the star at posttraining, after
controlling for baseline time, F(2,60) = 1.16, p =.32, pa rtial n = .04, w ith confidence
intervals from .00 t 0 .14, or on de lay a fter c ontrolling for pos ttraining time, F(2,60) =
1.54, p = .22, partial n? = .05, with confidence intervals from .00 to .17. T here were no
differences across groups on pos ttraining number of errors after controlling for baseline

errors, F(2,60) = .80, p = .45, partial n’= .03, with confidence intervals from .00 to .12, or
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on delay after controlling for posttraining errors, F(2,60) = 1.46, p = .24, partial n* = .05,

with confidence intervals from .00 to .16.
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Figure 3. Mean tracing time (+ SE) and mean number of errors (+ SE) for the control (n
=24), T1 (n=20), and T3 (n = 26) groups for baseline, for posttraining and on delay for
the Mirror-Tracing Task. T he groups did not differ on any trial of the task. T 1 = first
trimester of pregnancy. T3 = third trimester of pregnancy.

Attention

The average number of omission and commission errors made by each group did
not differ on any quarter of the test, and subsequently the total omission errors (control: M
=08, D =25Tl: M=04, D =0.8; T3: M=0.5, D =0.7) and commission errors
(control: M =8.5, D =6.2; T1: M =99, SD =8.0; T3: M =11.7, SD =8.7) did not
differ, Wilks= .93, F(4,130) = 1.15, p= .34.

As shown in Figure 4, t here was no i1 nteraction e ffect be tween the three groups

and test quarter on the T.O.V.A. for response time, Wilks= .98, F(6,128) =0.21, p=.97,
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and response time variability, Wilks= .93, F(6,128)= 0.80, p =.57, indicating that the
pattern of performance over time was similar across groups. A nonsignificant between-
subjects effect indicated that the groups did not differ overall on response time, F(2,66)=

0.98, p= .31, or response time variability, F(2,66)=1.36, p=.26.
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Figure 4. Mean response time (RT) and mean response time variability (RTV) for the
control (N =24), T1 (n=19),and T3 (n =26) groups for each quarter of the Test of
Variables of Attention (TOVA). The groups performed equivalently on each quarter of
the te st. 'V ertical line s de pict s tandard e rrors of the me an. T 1 = first tr imester of
pregnancy. T3 = third trimester of pregnancy.

Progesterone
Progesterone 1evel was significantly higher in the third-trimester pregnant group
(Mdn =413nmol/L, IQR =311.5-509.3) than in the first-trimester pregnant group (68.5,

58.6-82.3), which was significantly hi gher than that in the control group (4.2, 2.6-7.9);
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F(2,65) = 392.38, p <.001, n>=0.92. W ithin the control group, progesterone level was
not associated with verbal, visual or procedural memory. A fter combining the third- and
first-trimester pregnant groups, progesterone significantly explains an additional 19.5% of
the variance in Logical Memory immediate recall, F(1,42) = 10.26, p=.003, and 13% in
the Trial 1 score on the RAVLT, F(1,42) = 6.26, p =.016, over and above that explained
by num ber of w eeks gestation. In bot h 1 nstances, 1 ncreased pr ogesterone 1 evel w as
related to decreased memory performance (pr = -.44 and -.36 respectively).
Mood State

The average DASS21 scores for each group are shown in Table 5. M ood did not
differ across the groups, Wilks = .88, F(6,128) = 1.46, p = .20, n?=.06., and depression,
anxiety and stress did not show any significant associations with memory variables.
Primiparous versus Multiparous

Within the pregnant sample, there were 23 primiparous women (T3: n=14; T1: n
=9) and 23 multiparous women (T3: n=12; T1: n=11). Comparison of the primiparous
and m ultiparous pa rticipants on m easures of IQ, e pisodic m emory and pr ocedural

memory revealed no significant differences.
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Table 5
Median Scores on the DASS?1 for Each Group and Level of Sgnificance and Effect Szes

for Between-Group Comparisons

Control T1 T3 F p n°
Depression 2 (0-4) 2 (2-5.5) 2 (0-4) 43 .65 .01
Anxiety 1 (0-4) 2 (0-4) 4 (0-6) 1.72 19 .05
Stress ” 9.6+5.9 8.4+7.9 83+6.3 26 7 .01

Note. Interquartile range (IQR) in parentheses. DASS21 = Depression Anxiety Stress Scale — short
version; T1 = first trimester of pregnancy; T3 = third trimester of pregnancy. Normal range: Depression =
0-9, Anxiety = 0-7, Stress = 0-14.

adf =2,67. ®Values given as mean + standard deviation.

Subjective Memory Abilities

Both pregnant groups reported a significantly greater fall in memory quality on
average than did the control group. However, as shown in Table 6, this was because the
third-trimester group rated their general memory as significantly better than controls, but
their current memory as equivalent.

A total of 60% of women in the first trimester and 80.8% of women in the third
trimester of p regnancy reported a change in their ability to recall or remember thi ngs
since becoming pregnant, as compared to only 25% of controls (x> = 15.94, p<.001). A
total of 75% of women in the first trimester of pregnancy reported a change in attention
and concentration, w hich was significantly more than the third-trimester group (61.5%)
and controls (33.3%; x* =8.25, p =.02). Memory lapses were reported by 65% of the
first-trimester group, significantly mor e tha n the thi rd-trimester ( 46.2%) a nd c ontrol

groups (25%; x> =7.13, p=.03).
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Table 6
Mean (x SD) for Reported Memory Quality for Each Group and Level of Sgnificance and

Effect Szes for Between-Group Comparisons

Control Tl T3 F p n°
Past 2 weeks 6.6+ 1.2 6.0+1.6 6.5+2.0 .96 .39 .03
Generally 7.1+1.1, 75+1.6 4 83+1.2 5.19%* .008 A3
Difference 0.4+0.8, 1.5+ 1.2 1.7 £ 1.5y 7.70%* .001 .19

Note. Memory quality was rated on a scale of 1 (extremely poor) to 10 (extremely good). Means in the
same row that do not share subscripts differ at p < .05 in the Newman-Keuls significant difference
comparison. T1 = first trimester of pregnancy; T3 = third trimester of pregnancy.

4df =2,67.

**p<.01

Discussion

The results of the current study indicate that women in the first and third trimester
of pregnancy de monstrate reduced performance on e pisodic memory tasks compared to
the control group. In particular, pregnant women performed significantly worse on verbal
memory tasks comprising of paragraph recall, word-list recall and verbal recognition than
did nonpregnant women, supporting previous work (de Groot, et al., 2006; Keenan, et al.,
1998; Sharp, et al., 1993). In addition, these group differences persisted after a long delay
of time. The magnitudes of the effect sizes of these di fferences w ere all m oderate to
large, i ndicating t hat t he r elationship be tween pregnancy and reduced verbal m emory
performance i s fa irly s trong. A part from t he word-pairs t ask ( on w hich onl y t hird-
trimester women had difficulty), the first- and third-trimester pregnant women performed
similarly on v erbal m emory tasks, s upporting earlier s tudies s howing ¢ onsistent
performance spanning across pregnancy trimesters (de Groot, et al., 2003; de Groot, et al.,

2006; S harp,e ta l., 19 93). P rimiparous a nd multiparous w omen di d not pe rform
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differently on any memory task, supporting the contention that memory performance is
unrelated to prior pregnancy history (Casey, et al., 1999; McDowall & Moriarty, 2000;
Parsons, et al., 2004; Sharp, et al., 1993).

Our findings c ontrast t hose t hat f ound no di fferences on ve rbal m emory tasks
between pregnant women and controls (Brindle, et al., 1991; Casey, et al., 1999; Crawley,
etal., 2003; Janes,etal., 1999). H owever, c loser i nspection of t hese m ethodologies
revealed t hat m ost m easured onl y r ecognition m emory, w hilst a nother used w ord lists
comprising s emantic cat egories pr esented in both verbal and visual m odalities. T hese
cued memory tasks are less difficult than free recall and may explain why no differences
in performance between pregnant women and controls could be found.

Pregnant w omen di d not s how de ficits ona ny of't he vi sual m emory t asks,
performing s imilarly to the nonpregnant women. T his study is the first to investigate
procedural memory performance during pregnancy. O verall, both pregnant groups were
unimpaired on measures of procedural memory, apart from a slightly slower performance
by the thi rd-trimester pr egnant group ont he d elayed c omponent of Motor S equence
Learning.

Pregnant women were more likely than controls to notice a recent change in their
memory quality. H owever, as found by Christensen et al. (1999), this difference in the
women’s ratings appear due to pregnant women over-rating their m emory l evel b efore
pregnancy rather than to underrating their current memory.

Successful completion of memory tasks involves effective encoding, storage and
retrieval of information. R educed immediate recall on all verbal memory tasks by the
pregnant groups r elative to the c ontrols s uggests de ficiencies in t he e ncoding pr ocess,
resulting in a relatively decreased immediate memory span. Despite a reduced immediate
memory span, pregnant women displayed normal rates of learning over trials. Comparing
the de layed scores to the i mmediate s cores, the first-trimester g roup s howed a hi gher
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degree of forgetting on the paragraph recall task, whereas the third-trimester group had a
higher de gree of forgetting ont he w ord-list t ask t han di d t he nonpr egnant w omen.
Reduced recognition memory on s tory recall further implicates encoding problems, but
satisfactory r ecognition memory on the word list suggests that retrieval problems may
also c ontribute t o m emory di fficulties. A high number of false positive r esponses on
recognition suggests a disorganised encoding style, making retrieval less reliable.

The p otential caus e of memory-related di fficulties dur ing p regnancyisup f or
debate. T he pos sibility that pr egnant w omen a re m ore s usceptible t o a ttentional
fluctuations w as not s upported by our findings. F irst, pregnant w omen did not s how
deficits in sustained attention on t esting, and verbal recall di fferences p ersisted de spite
this. H owever, it is acknowledged that testing in the laboratory setting differs from the
real world in which pregnant women may be more introspective and readily distractible.
Mood state was also unrelated to memory performance, with relatively substandard verbal
recall in the absence of mood disturbance demonstrating that even pregnant women with
sound m ental he alth m ay experience m emory-related difficulties. Inr egard to the
potential 1 nfluence o f h ormonal cha nge, higher pr ogesterone I evels w ere w eakly t o
moderately related to poorer performance on immediate paragraph and word-list recall.
However, pr ogesterone level e xplained | ess t han 20% of t he v ariance in t hese t asks,
implying that several other factors are involved.

There is also the discordant finding that only verbal episodic memory was affected
within the pregnant groups, and not visual episodic or procedural memory. Although our
study d esign do es not allow for a ttribution of c ausality t o t his di screpancy, w e ¢ ould
speculate that as different kinds of memory are thought to have different functional and
neuroanatomical s ystems (Smith, 2001) , s ome neurotransmitter o r hor mone i s a cting
differently on those areas involved in verbal memory (such as the left hippocampus and
nearby cortical areas), as compared to the brain regions thought to be involved in visual
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and pr ocedural m emory ( such a s t he r ight hi ppocampus a nd t emporal 1 obe, a nd t he
neostriatum; Knowlton, Mangels, & Squire, 1996). Conversely, the differences between
verbal and visual memory performance may be the result of differences in task difficulty,
in t hat pr egnant w omen m ay onl y be unde rperforming on t asks pe rceived a s m ore
challenging and overwhelming. As mentioned, this study represents the initial findings of
an investigation into the impact of sleep on memory consolidation, and it is possible that
sleep di fficulties dur ing pr egnancy e xplain gr oup di fferences on de layed m emory
performance. This hypothesis is currently under investigation by the authors.

It has been argued that women may subconsciously perform more poorly due to
cultural e xpectations of ¢ ognitive de cline dur ing pr egnancy (Crawley, e tal., 2008) .
Incorporating w ell-validated tests of malingering into our methodology revealed that all
pregnant participants in this study were giving sufficient conscious effort towards testing.
Unfortunately, sensitivity issues with symptom validity te sts such as the TOMM have
been raised (Greve, Ord, Curtis, Bianchini, & Brennan, 2008), although the TOMM has
been s hown t o ha ve s imilar pr edictive r ates t o t hose of ot her t ests of m alingering
(Greiffenstein, G reve, B ianchini, & Baker, 2008 ). F urthermore, a s lightly di minished
performance resulting f rom ne gative ¢ ognitive e xpectations m ay go undetected b y
symptom validity testing, and therefore this cannot be ruled out as a contributing factor.

The r esults f rom t he ¢ urrent s tudy s hould be 1 nterpreted w ith ¢ aution. T he
participant groups in this study averaged a Full Scale 1Q within the above-average range
and w ere w ell e ducated. W hile a bove-average i ntellectual f unctioning g enerally
translated t o a bove-average v erbal m emory s cores f or t he ¢ ontrol group, obs erved
weaknesses on v erbal recall and recognition in the pregnant groups generally r educed
their pe rformances to w ithin the a verage range. A Ithough these group differences are
statistically significant, the question is whether they are clinically important. Despite the
long test battery administered, the pregnant women in this study were still able to perform
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within normal limits. H owever, 72% of the pregnant women reported a change in their
ability to recall or remember things since be coming pregnant. It is possible that e ven
these s mall di fferences m ay be noticeable, w ith t he pr egnant w oman finding t hat he r
abilities are not up to their usual standard.

Although minor, the observed shortfalls on verbal episodic memory tests and even
the perception of memory difficulties may have implications for tasks of everyday living
for pregnant women. Pregnant women may lack confidence in their memory abilities and
benefit from the use of compensatory techniques such as making lists and using pictorial
aids. Differences in verbal memory between the pregnant and nonpregnant women were
mostly due to a reduced i mmediate m emory s pan, so those who feel their memoryis
below par may want to avoid overwhelming themselves with too much information at one
time. G iven the inconsistencies in ¢ urrent literature, women s hould b e r eassured t hat
significant m emory 1 oss i s not a proven “side effect” o f pr egnancy, and t hey should
generally be ableto functionasperusual. Onthis note, vi sual m emory, r epetitive
learning a nd pr ocedural m emory remain una ffected. A pproaching m otherhood, t he
pregnant w oman ha s much to I earn and m any new s kills t o m aster, s 0 her a bility to
improve | earning w ith repetition and to master “ how to” ta sks w ithout di fficulty is
important.

A limita tion of the current s tudy is its c ross-sectional r ather than longitudinal
design, m ostly asa consequence of t he br oader s tudy t hat i nvolves ove rnight s leep
studies. Longitudinal memory research is also di fficult due to a paucity o frigorous
memory tests with multiple equivalent forms (Lezak, et al., 2004). In this study, the delay
period for memory testing was approximately nine hours compared to 30 minutes for
standardised testing. O ur results therefore may be difficult to compare to previous and
future research in this area. However, even with a lengthy delay period, performances
were generally within the normal ranges, and it could be argued that a longer delay period
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is mor e r ealistic to real-world de mands t han t he s tandard 30 m inutes. R ecruitment
difficulties due to the broader study requirements resulted in a reduced sample size. The
sample size in this study had less than a 50% chance of finding a medium effect of .06 at
a significance level of .05. There is potential that small differences in visual memory may
have been undetected due to insufficient power. Measures of procedural memory can be
criticised because although they mimic true procedural memory, they may tap into other
learning and memory processes and may include components of e xecutive functioning.
Tasks such as those used in this study may also be limited by their generalisability to real-
world procedural memory tasks, such as riding a bike or driving a car.

Future research is needed to disentangle the discrepant findings on research into
memory during pregnancy. If pregnancy can be associated with a particular pattern of
memory dysfunction, then ways to overcome their impact on everyday functioning can be
developed. The cause of memory differences during pregnancy such as those found in
this study still remains to be discovered.

The current s tudy h as d emonstrated that early and late pr egnancy is as sociated
with reduced verbal memory performance compared to nonpregnant women, mostly as a
consequence of a reduced i mmediate s pan. On the other hand, visual and procedural
memory remains intact. A ttention di fficulties and mood disturbance w ere ruled out as
possible contributors to these findings, but progesterone was found to play a small role.
The implications of this research are important for prenatal health and education, in that
pregnant w omen c an be reassured that any m emory di fficulties e xperienced s hould be
minor, and t hat t hose w ith a ctual or e ven pe rceived m emory pr oblems ¢ an be t aught

compensatory techniques to improve confidence in their abilities.
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Preface

The initial findings from Chapter 2 showed reduced verbal episodic memory
performance during the first and third trimester of pregnancy, when compared to
nonpregnant women. The most commonly assumed explanation for observed memory
impairments in pregnancy has been hormonal change; however there is no evidence as yet
to support this. In addition to memory complaints, a frequently reported problem during
pregnancy is sleep disturbance. One common theory is that memory consolidation occurs
during sleep, and thus disruptions of sleep should also disrupt the long-term storage of
memories.

In order to see whether sleep disruption during pregnancy is responsible for
observed memory impairments, this study first needs to confirm that changes in sleep do
occur during pregnancy. The main purpose of Chapter 3 is to investigate both objective
and subjective changes in sleep patterns associated with the first and third trimester of

pregnancy, when compared to the nonpregnant state.
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Background: Anecdotal reports of sleep disturbance during pregnancy are abundant,
however objective measurement of sleep changes has so far produced conflicting results.
Aims:. To objectively measure sleep architecture and investigate subjective sleep quality
in the first and third trimester of pregnancy, as compared to the nonpregnant state.
Methods: Twenty-seven women in the third trimester of pregnancy, 21 women in the
first trimester of pregnancy and 24 nonpregnant control women underwent overnight
polysomnography and completed questionnaires regarding sleep quality and mood.
Results: Women in the third trimester of pregnancy had poorer sleep efficiency, more
awakenings, less Stage 4 sleep, more Stage 1 sleep and fewer minutes in rapid eye
movement (REM) sleep when compared to the control group. Cortical arousals were seen
more often during pregnancy, particularly in response to respiratory events and limb
movements. Sleep during the first trimester was affected to a lesser extent, with more
wake time after sleep onset and less Stage 4 sleep when compared to the controls.
Conclusions: Sleep during pregnancy is compromised by higher amounts of wake and
cortical arousals leading to sleep fragmentation, with greater amounts of light sleep and
less deep sleep. Mood state did not have an effect on sleep. Given the impact of sleep on
well-being, this study increases our understanding of the characteristics of sleep during
pregnancy, to help recognise when severe sleep disruption may warrant referral to a

specialist for appropriate diagnosis and treatment.
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Pregnancy is marked by considerable physiological changes and a multitude of
symptoms, many of which are likely to disrupt sleep. Research utilising self-reported
questionnaires has demonstrated that sleep complaints are more frequent during
pregnancy as compared to the nonpregnant state' and that sleep disturbance increases as
pregnancy progresses.>> Frequent night awakenings are reported by as many as 90% of
women by the end of pregnancy, * due to general discomfort and pain, urinary frequency,
nausea and vomiting, foetal movements and shortness of breath. >> However, self-report
methodologies are limited by their subjective nature and may be prone to bias, as the
pregnant women may be more aware of changes in sleeping habits due to cultural
expectations of sleep-deprivation during pregnancy. Furthermore, people who believe
they have a sleeping problem will tend to overestimate the extent of their sleep disruption.
6,7
Polysomnography (PSG) has been utilised to objectively measure sleep changes
during pregnancy. The use of electroencephalography (EEG) together with the use of
electromyogram (EMG) and electrooculogram (EOG) allows sleep to be classified into
different stages according to objective criteria.® Rapid eye movement (REM) sleep is
characterised by cortical activation, the presence of rapid eye movements and a global
abolition of muscle tone,” and is often associated with dreaming. Non-REM (NREM)
sleep is subdivided into four stages; Stages 1 and 2 correspond to light sleep and Stages 3
and 4 are often referred to as slow wave sleep (SWS) or deep sleep and show an increase
in slow oscillations and decreased muscle tone as sleep deepens.’
Alterations in REM sleep associated with pregnancy have ranged from a reduction

10,11

compared to nonpregnant controls,'®** a reduction from early to late pregnancy,** through

to showing no significant differences.>**** SWS changes during pregnancy vary from a
decrease in comparison to prepregnancy baseline measures™® and nonpregnant

11,14,15

women, to no consistent changes across trimesters*? and even to an increase in
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SWS." Documented changes in Stage 1 sleep associated with pregnancy have also been
inconsistent.'**%%

Sleep efficiency (defined as time spent sleeping as a percentage of time spent in
bed) is often reduced during pregnancy and declines further as pregnancy advances,**?
mostly as a result of increased time spent awake after sleep onset.°*? Earlier PSG
studies found longer sleep latencies (the time taken to fall asleep) during the last month of
pregnancy,®® however more recent studies have failed to support this observation.***
Cortical arousals from sleep are characterised by brief abrupt changes in EEG frequency
(suggestive of an awake state), which results in sleep fragmentation;'® the occurrence of
these during pregnancy has yet to be reported on.

This lack of consistent findings may be due to generally small sample sizes and
differences in methodology such as cross-sectional versus longitudinal design and
laboratory-based versus home-based PSG. Furthermore, the effect of parity is rarely
considered or reported upon.*’

Pregnancy is accompanied by dramatic hormonal changes, which have significant
potential to impact on sleep quality. One of the most responsive hormones is
progesterone,™® with previous research suggesting it has a soporific or sedative effect,*®*°
and may induce significant increases in NREM sleep.?’ However, knowledge of the
effects of progesterone on human sleep mostly comes from the study of the application of
exogenous hormones,?* and clinical studies tend to limit their samples to men or post-

20,22

menopausal women. It remains uncertain how the substantial increase in

progesterone during pregnancy may affect sleep.

Depressive symptomatology in the prenatal period is a significant problem with

23-25

reported prevalence rates between 14% and 37%. Pregnant women identified as

26,27 and

being depressed report poorer sleep quality than their nondepressed counterparts,
researchers have also begun to assess sleep deprivation as a contributor to both
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prenatal®”*® and postnatal mood changes.?**® There is potential that mood disturbance
may account for some of the variation in altered sleep patterns during pregnancy, and vice
versa.

Additionally, primary sleep disorders may be more prevalent during pregnancy
and impact on sleep quality. Several studies show reported increases in snoring during
pregnancy,®° and although the prevalence of obstructive sleep apnoea during pregnancy
is unknown there is strong suggestion that this condition may be more common during

34,36

pregnancy. Restless legs syndrome affects around a quarter of women during

pregnancy,®"*

and many people with restless legs syndrome also suffer from a distinct
condition known as periodic limb movements of sleep. The prevalence of periodic limb
movements of sleep during healthy singleton pregnancy is unknown, however Dzaja et
al.*® recently showed that restless legs syndrome during pregnancy is associated with
increased amounts of periodic limb movements of sleep.

The potential for sleep disruption to impact on quality of life may be particularly
detrimental to the pregnant woman who is preparing for the important task of child-
rearing. Previous PSG studies during pregnancy have focused on changes in sleep
efficiency and sleep stage architecture without attempting to account for these changes.
These studies have also neglected to investigate cortical arousals during sleep and the
potential causes of these. The purpose of this study was to investigate both objective and
subjective changes in sleep patterns associated with early and late pregnancy as compared
to the nonpregnant state, and to address limitations in previous PSG studies by
investigating cortical arousals and accounting for possible influences on sleep such as
hormonal change, mood state and parity.

Method

The Human Research Ethics Committees at Austin Health, Mercy Hospital for

Women and La Trobe University in Melbourne, Victoria, Australia approved this study
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and informed consent was obtained from all participants (see Appendix B). Four hundred
and thirty pregnant women from the Outpatient Obstetrics Clinic at the Mercy Hospital
for Women were consecutively approached to participate in the study, of these 58 agreed.
The reasons for declining participation were typically an unwillingness to have a sleep
study and inability to be away from home overnight because of family responsibilities.
Ten pregnant women withdrew from the study prior to data collection due to pregnancy-
related complications or inability to attend the sleep laboratory. Nonpregnant control
women were recruited from advertisements in the Austin Health newsletter and from
friends of the pregnant participants. The participant exclusion criteria were multiple or
complicated pregnancy, significant medical, psychological or psychiatric disorder
diagnosed by a health professional, a previously diagnosed sleep disorder (e.g. obstructive
sleep apnoea, insomnia, hypersomnolence), or current use of anti-depressant medication.
During the recruitment phase, only one pregnant woman was excluded from participation
due to depression, and one nonpregnant woman was excluded due to a prior history of
encephalopathy. In total, 27 women in the third trimester of pregnancy (T3; 30-38 weeks
gestation), 21 women in the first trimester of pregnancy (T1; 9-14 weeks gestation) and
24 nonpregnant women (control group) participated in the study.

Polysomnography

Overnight PSG was conducted in-laboratory to control for variations in potential
external disruptions in the home environment. PSG was performed using the Somté
(Compumedics, Abbotsford, Australia) portable sleep-monitoring device to provide
greater comfort to the participants. Portable sleep-monitoring systems are commonly
used in clinical settings and have been shown to have a high level of agreement with

standard laboratory-based systems.***

Signals measured included EEG, EOG, nasal
airflow measured via nasal cannula, arterial oxygen saturation, thoracic and abdominal
respiratory effort, snore, body position, leg movements and heart rate. PSG recordings
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were sleep staged by a single experienced sleep technologist who was blinded to
pregnancy status, in accordance with standard criteria.® Variables of sleep included total
sleep time (TST), sleep efficiency (defined as total sleep time/total dark time), sleep
latency (defined as 3 epochs of Stage 1 sleep or 1 epoch of any other sleep stage), REM
sleep latency, number of awakenings during sleep and wake after sleep onset. In addition,
sleep stage 1, 2, 3, 4 and REM were expressed in minutes as well as a percentage of total
sleep time. Arousals were measured in accordance with the rules set out by the American
Sleep Disorders Association (ASDA) Atlas Task Force™ and were categorised as to
whether they were associated with a respiratory event, a limb movement, or were
spontaneous. Participants were woken eight hours after lights out time and asked whether
they had slept worse, the same, or better than usual. Morning blood was taken for serum
progesterone levels. All but two of the control participants were in the follicular phase of
the menstrual cycle.

Subjective Sleep Quality and M ood

Participants completed a questionnaire developed for this study (see Appendix E),
rating their current (over the past fortnight) and general (or when not pregnant) sleep
quality on a scale of 1-10, and answered questions pertaining to usual sleep duration,
sleep latency, difficulties falling asleep and reasons for overnight awakenings. Reasons
for overnight awakenings such as discomfort or back pain were rated for how frequently
they occurred, on a scale of “always”, “often”, “rarely”, or “never”. For statistical
analysis, “always” and “often” responses were combined and “rarely” and “never”
responses were combined to create a dichotomous variable.

Current state of depression, anxiety and stress was measured with the Depression
Anxiety Stress Scale — Short version (DASS21).*> Each of the three scales has seven
items that are scored on a 4-point severity/frequency scale to rate the extent to which they
have experienced each state over the past week. The scores for the short version are then

88



Chapter 3 — Decreased Sleep Efficiency in Late Pregnancy
doubled; the score range for each scale is 0-42. Internal consistency of the DASS21 using
Cronbach’s alpha has been shown to range from .88 to .94 for the Depression scale, from
.82 to .87 for the Anxiety scale and from .90 to .91 for the Stress scale.*** The DASS21
evidences good convergent and discriminant validity when compared with other validated
measures of depression and anxiety.***°
Statistical Analysis

All statistical analyses were performed with the Statistical Package for Social
Sciences 15.0 (SPSS Inc., Chicago, Illinois). Data were tested for linearity and normality
and non-normally distributed variables were log transformed apart from progesterone
level which was subjected to inverse transformation. Chi-square tests, multivariate
analysis of variance and univariate analysis of variance were conducted on the variables
of interest. As progesterone is strongly linked to trimester of pregnancy, its influence on
sleep needed to be investigated separately for each group with regression analyses. Effect
sizes were calculated using partial eta squared (n?). Effect sizes of .01, .09 and .25 are
considered small, medium, and large in magnitude.*® In order to determine which groups
differed on ANOVA, post hoc Tukey tests were set at a significance level of p <.05. All
values are given in means with standard deviations (M = SD) for normally distributed
variables and median (Mdn) and interquartile range (IQR) for non-normally distributed
variables.

Results
Participants

Participants were approximately 30 years old and were within a healthy weight
range according to pre-pregnancy Body Mass Index (BMI) and there was a high
prevalence of tertiary educated women (Table 1). The three participant groups did not
differ in terms of employment status or parity; however a significantly higher percentage
of pregnant women were partnered compared to the control group.
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Table 1

Demographic Variables

Control T1 T3
(n=24) (n=21) (n=27) i
Age? 29.3+59 29.6+34 32.3+35 .06
Pre-preg BMI# 23.9+3.2 25.4+54 23.4+25 22
Married/De Facto (%) 37.5 85.7 92.6 <.001**
Nulliparous (%) 75.0 42.9 55.6 .09
Tertiary Educated (%) 87.5 100.0 7.7 .07
Employed (%)
Full time 50.0 42.9 40.7 .06
Part time 50.0 52.4 37.0
Not employed 0.0 4.8 22.2

Note. Dataare M + SD. T1 = first trimester; T3 = third trimester, BMI = body mass index.
#p values associated with univariate ANOVA. All other p values associated with chi-square tests.

**p< 0L

Objective Sleep M easurement

Multivariate analysis of variance revealed that measures of sleep fragmentation
[sleep efficiency, wake after sleep onset (WASQ), number of awakenings and arousals/hr]
differed significantly across the groups (Wilks= .69, F(8,132) = 3.43, p = .001, see Table
2). In particular, women in the third trimester of pregnancy had significantly poorer sleep
efficiency than the controls, and significantly more cortical arousals per hour than either
the first-trimester women or controls. Wake after sleep onset was significantly less in the

control group when compared to both pregnancy groups.
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Means (+ D) for Seep Variables for Each Group

Control T1 T3 partial p
(n=24) (n=21) (n=27) n?
Sleep efficiency (%) 90.0+6.4 84.9+8.0 80.1+13.5 15 .004"
Sleep latency (min) 17.0+19.1 19.9+16.6 175+12.8 01 .82
REM latency (min) 133.3+43.3 118.3+60.9 126.1+55.0 .01 .65
WASO (min) 28.0+19.5 49.4 £ 35,5 62.2 + 36.8 18 .001*
Arousals/hr? 8.8 10.6 14.6 .23 <.0018
(7.2-10.9) (7.6-15.8) (10.7-18.9)

Resp arousals/hr? 0.9 (0.5-2.3) 1.3 (0.4-2.0) 2.4 (1.3-4.7) 13 .009°

Limb arousals/hr® 1.2 (0.5-2.4) 0.8 (0.5-2.4) 2.1(1.3-4.8) 13 .009°

Spont arousals/hr 5922 79+34 8.1+51 .07 .10
No. of awakenings 153+4.1 16.0+4.7 18.8+6.8 .08 .053
Stage 1 (min) 27.8+12.2 30.3+15.7 35.3+15.4 .05 .18
Stage 2 (min) 167.1+394 165.7 +43.7 161.7 + 40.8 .003 .89
Stage 3 (min) 77.8+27.7 849+38.1 66.9 + 28.3 .06 A4
Stage 4 (min) 79.6 +20.0 61.6 +27.0 545+ 238 18 .001'
REM sleep (min) 75.0 +18.1 64.4+ 155 60.1+ 22.5 10 02'
%TST supine 33.1+£23.0 41.0 £ 23.6 19.1+15.3 17 .002°
Progesterone 4.2 68.5 415 .92 <.001"
(nmol/L)? (2.6-7.9) (58.6-82.3) (316.3-538.4)

Note. Effect size and probability associated with univariate ANOVA with post-hoc Tukey tests set at

p <.05. REM = rapid eye movement, WASO = wake after sleep onset, Resp = respiratory, Spont =

spontaneous, %TST = percentage of total sleep time.

"control vs. T3—p<.05 *control vs. T1 and T3 -p < .05

2values given as Mdn (IQR) as variable was transformed.

Scontrol and T1 vs. T3—p < .05
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Further analysis of cortical arousals revealed that women in the third trimester of
pregnancy had significantly more respiratory and limb movement-related arousals per
hour when compared to the nonpregnant and first-trimester women, whereas spontaneous
arousals did not differ across groups (see Table 2). It was subsequently found that
significantly more third-trimester pregnant women had an Apnoea/Hypopnoea Index per
hour >5 when compared to the first-trimester women and controls (30.8% vs. 23.8% vs.
4.2%, p < .05). Similarly, significantly more third-trimester women had a Periodic Leg
Movement index of >5 per hour when compared to the first-trimester women and controls
(29.6% vs. 9.5% vs. 4.2%, p = .03).
Multivariate analysis of variance on minutes spent in each stage of sleep (Stage 1,
2, 3, 4 and REM) showed that sleep architecture differed significantly across the three
groups (Wilks = .65, F(10,130) = 3.08, p = .002; see Table 2). Women in the third
trimester of pregnancy spent significantly less time in REM sleep and Stage 4 sleep as
compared to the control group. Multivariate analysis of variance on the percentage of
total sleep time spent in each stage of NREM sleep (Stage 1, 2, 3, and 4) also differed
significantly across the groups (Wilks = .73, F(8,132) = 2.86, p = .006; see Figure 1).
Women in the third trimester of pregnancy spent a significantly greater proportion of total
sleep time in Stage 1 sleep but a significantly smaller proportion in Stage 4 sleep as
compared to the first-trimester or control groups. There was no difference between
groups in the percentage of total sleep time spent in REM sleep.
As shown in Table 2, sleep latency and REM sleep latency were comparable
across groups. Sleeping position differed significantly, with third-trimester women
spending less time in the supine position when compared to the first-trimester or control

groups.
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Figure 1. Mean percentage of total sleep time (TST) in each sleep stage for the control (n
=24), T1 (n=21) and T3 (n = 27) groups. The T3 group had a significant increase in
Stage 1 sleep (* p = .02) compared to the T1 and control groups, and the T3 and T1
groups had a significant reduction in Stage 4 sleep (**p = .02) compared to the control
group. T1 = first trimester of pregnancy, T3 = third trimester of pregnancy.

In terms of perceived sleep quality for the PSG study, 71% of the third-trimester
group said they slept similar to usual, compared to 43% of the first-trimester group and
only 25% of the control group. Alternately, 70% of the control group said they slept
worse than usual, compared to 57% of the first-trimester group and 29% of the third-
trimester group. This difference in perceived sleep quality was significant (p = .03).
Nullipar as ver sus M ultipar as

As shown in Table 3, nulliparous women in the third trimester had significantly
poorer sleep efficiency than multiparous women in the third trimester of pregnancy. This
appears mostly due to more time in Stage 2 sleep in the multiparous women. No other

measures of sleep differed across the groups.
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Table 3

Means (x SD) for Seep Variables by Pregnancy Trimester and Parity

First Trimester (T1) Third Trimester (T3)
Nulliparous  Multiparous  Nulliparous ~ Multiparous  partial p
(n=9) (n=12) (n=15) (n=12) n?

Sleep effic. (%)  83.8+7.2 85.7+8.9 75.2+15.2 86.4+7.6 18 .03
WASOQO (min) 55.4 + 36.3 449 + 35.8 77.1+37.9 43.7+26.5 16 .052
No. of awake. 154+22 16.4+6.0 19.3+6.0 18.2+8.0 .06 42
Arousals/hr? 10.6 11.0 15.0 13.2

14 .08

(6.1-15.8) (8.8-16.2) (12.7-18.9) (9.2-19.0)

Stage 1 (min) 331+156 282+16.2 320+154 39.5+149 .07 .36
Stage 2 (min) 1496 £30.6 177.8+49.1 1454+43.1 182.2+27.3 16 .04}
Stage 3 (min) 88.2+426 825+36.0 66.3+268 67.7+311 .08 33
Stage 4 (min) 68.8+20.4 56.2 £ 30.8 57.9+25.6 50.3+21.7 .06 43

REM (min) 63.4+139 65.0+171 538+21.1 68.0+224 .09 .26

Note. Effect size and probability associated with univariate ANOVA with post-hoc Tukey tests set at
p <.05. effic. = efficiency; WASO = wake after sleep onset; awake. = awakenings, REM = rapid eye
movement.

T3 nulliparous vs. T3 multiparous — p < .05 * T3 nulliparous vs. T3 multiparous — p < .09.

2values given as Mdn (IQR) as variable was transformed.

Progesterone

Progesterone level differed across the groups in accordance with pregnancy state
(see Table 2). Within the control group, higher progesterone levels were associated with
fewer awakenings during sleep (r = -.51, F(1,21) = 7.48, p = .01). Progesterone was
unrelated to sleep quality within the first-trimester group. Within the third-trimester
group and after accounting for gestational age, progesterone significantly explained an

additional 18.3% of the variance in the percentage of time in Stage 2 sleep (r = -.50,
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F(1,23)=5.63, p = .03), 17.1% in number of awakenings (r = .34, F(1,23)=4.77, p = .04)
and 15.9% in wake after sleep onset (r = .40, F(1,23)=4.43, p = .046).
Mood State

On average, all groups scored within the normal range for depression (control —
Mdn(IQR) = 2.0 (0.0 - 4.0), T1 = 2.0 (2.0 - 5.5), T3 = 2.0 (0.0-3.5), anxiety (control -
Mdn(IQR) = 1.0 (0.0 - 4.0), T1 = 2.0 (0.0 — 4.0), T3 = 4.0 (0.0-6.0), and stress (control -
Mdn(IQR) = 9.0 (6.0 - 12.0), T1 = 7.0 (2.0 — 13.0), T3 = 6.0 (4.0-12.0). A multivariate
analysis of variance showed no differences in mood status across the groups (Wilks = .86,
F(6,126) = 1.67, p>.1) and depression and stress were not associated with any sleep
variables. Anxiety showed a significant but weak negative correlation with minutes spent
in Stage 1 sleep (r =-.26, p=.03).
Subjective Sleep Quality

Women in the third trimester of pregnancy reported a significantly greater
reduction in sleep quality over the past six months as compared to the control group (T3:
2.6 = 1.7; control: 1.0 + 1.0; F(2,69) = 7.02, p = .002). As shown in Table 4, reported
average sleep duration, sleep latency, and daytime tiredness did not differ between the
groups. There was a trend for more third-trimester women to report difficulty falling
asleep when compared to first-trimester women or controls. Pregnant women reported
significantly more overnight awakenings compared to the controls, and were more likely
to report difficulty falling back asleep. Third-trimester pregnant women were more likely
to report frequently waking during the night due to discomfort, back pain and leg cramps
when compared to controls or first-trimester women. Awakening due to urinary

frequency was reported often for both pregnant groups.
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Percentage of Participants Reporting Seep-Related Problems and Reported Frequency of

Causes of Night Awakenings in Each Group

Control Tl T3
Complaint (%) p
(n=24) (n=21) (n=27)
Sleep-Related Problems
< 8 hours sleep per night 79.2 71.4 74.1 .83
Sleep latency >20 mins 25.0 28.6 444 .29
Difficulty falling asleep 125 9.5 37.0 .06
Tiredness 70.8 95.2 92.6 A1
Difficulty falling asleep 8.3 47.6 63.0 .001**
after waking
No. of awakenings
None 25.0 4.8 3.7 .001**
1-2 66.7 57.1 29.6
34 8.3 28.6 44.4
5+ 0.0 9.5 22.2
Cause of Night Awakenings
Uncomfortable 29.2 23.8 66.6 .009**
Need to urinate 16.7 76.2 70.3 .001**
Back pain/leg cramps 4.2 10.0 37.0 .005**
Body temperature 20.8 20.0 18.5 .98
Shortness of breath 0.0 5.0 3.7 .28
Children/partner 26.0 45.0 18.5 .07

Note. chi-square test, p < .05. Values for causes of night awakenings given as the percentage of participants

responding with “often” or “always”.

**p< 01
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Discussion

The results of our study show that sleep in the third trimester of pregnancy is
characterised by decreased sleep efficiency, increased wake after sleep onset and
increased cortical arousals. The deepest stage of sleep, Stage 4, is reduced and a higher
proportion of sleep time is spent in Stage 1 sleep as compared to the first-trimester or the
nonpregnant state. Furthermore, this study found that third-trimester pregnant women
spend less time in REM sleep compared to nonpregnant women, generally as a
consequence of their reduced overall sleep efficiency rather than an alteration in the
structure of their sleep stages. No differences in sleep latency or REM sleep latency were
found. Women in the first trimester of pregnancy also spend more time awake after sleep
onset and spend a lesser proportion of their sleep in Stage 4 sleep as compared to
nonpregnant women. Sleep efficiency and time in REM sleep showed a trend towards the
pattern seen in the third trimester of pregnancy.

Reports of frequent awakenings and difficulty returning to sleep, mostly due to
discomfort and bodily aches, were regularly made by the pregnant women in this study.
The fact that third-trimester pregnant women spent substantially less time sleeping
supinely as compared to the other groups also indicates compromised sleeping comfort.
Unfortunately, PSG only allows attribution of a specific cause to an awakening if it has a
physical source. By examining cortical arousals during sleep we found that third-
trimester women experienced more cortical arousals, especially as a consequence of limb
movements or respiratory events, compared to either first-trimester or nonpregnant
women. Cortical arousal often results in disrupted sleep with reduced restorative power,*’
as the individual returns to light sleep rather than deep sleep following arousal. This
trade-off of more Stage 1 sleep for less Stage 4 sleep was a key feature of our findings in

the late pregnancy group.
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Investigation of sleep quality according to parity revealed that in the third
trimester of pregnancy, nulliparous women have significantly poorer sleep efficiency than
multiparous women, mostly as a result of multiparas spending more time in Stage 2 sleep
which is considered to be a lighter stage of sleep. Sleep in the first trimester of pregnancy
was not affected by parity.

In contrast to the suggestion that progesterone may have sedating properties,'®*°
we found that higher progesterone levels in the third trimester of pregnancy were
associated with increased awakenings and more time awake after sleep onset. This
finding is unexpected given previous work indicating a positive relationship between
progesterone and improved sleep measures, such as improved sleep quality in
postmenopausal women following hormone replacement therapy,* and the suggestion
that progesterone may play a role in protecting premenopausal women from sleep-
disordered breathing by stimulating upper airway musculature.*® However, hormonal
influences such as progesterone have been hypothesised to be a cause of restless legs
syndrome during pregnancy,® which can result in disrupted sleep. In our study, the
association between the number of periodic limb movements during sleep and
progesterone level in the third trimester was almost significant (r = .39, p = .056).

In our sample, current state of depression, anxiety and stress did not differ across
the groups and did not show any significant association with sleep disruption. The
women in this study were typically in the normal to mildly affected range, so we can
conclude that the differences in sleep quality across the pregnant groups were not the
result of differences in mood state.

Our findings of decreased sleep efficiency and increased wake after sleep onset

10-13,15

during pregnancy are supported by most previous studies, as is the reduction in

Stage 4 sleep during pregnancy.’*** Our finding that minutes spent in REM sleep was

10-12

reduced in the third-trimester pregnant group has previous support, as well as
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opposition.’*** Lee and colleagues™ expressed their results as the percentage of total
sleep time in REM rather than total minutes and had a result close to significance, and the

14
l.

study by Schorr et al.™" was limited by its very small sample size. Past findings

surrounding Stage 1 sleep have so far been discrepant. As with the current study, an

d,**1* whereas others find no

increased level of Stage 1 sleep has been previously foun
evidence for this marker of sleep fragmentation.'®*? Again, many possibilities exist for
this and other disparities, including sample sizes of less than 10 per group, *°*? laboratory-
based sleep studies or home sleep studies, variations in how much time the women were
allowed to sleep for and the amount of sleep time included in data analyses. Parity has
rarely been considered in past PSG studies, with existing literature suggesting that
multiparas have a slightly lower sleep efficiency than nulliparas without a change in REM
or SWS.2*! In contrast, the current study lends support to previous actigraphy research®
which found that nulliparous women had lower sleep efficiency than multiparous women.
We may speculate that multiparous women were able to sleep better due to previous
experience sleeping through the discomforts of pregnancy, or that sleeping away from
home allowed them to catch up on sleep away from usual disruptions caused by their
other children.

The high frequency of cortical arousals from sleep during pregnancy has not been
previously reported. Frequent cortical arousal typically results in the person continually
waking fully or returning to light sleep, leading to sleep fragmentation. Studies of sleep
fragmentation commonly find increased objective and subjective sleepiness, decreased

psychomotor performance and negative mood changes.>® More specifically, measures of

arousal from sleep have been significantly correlated with objective measures of daytime

54,55 56,57

alertness and increases in blood pressure. The fact that arousals were also
secondary to respiratory events or limb movements suggests that conditions such as sleep-
disordered breathing and periodic limb movements of sleep should be considered as a
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cause of sleep disruption, given that current literature is building to suggest that these
conditions may be more common during pregnancy.>*3¢3%8

Sleep efficiency during the later stages of pregnancy in some studies has been
found to be as high as 90%,'***! similar to that of our control group. The third-trimester
pregnant women in this study spent 10% less time asleep on average, and almost a quarter
slept for less than six hours in total. Since pregnancy stretches over many months, partial
sleep deprivation may become chronic and can result in seriously impaired
neurobehavioural function.® Reduced sleep time in the last month of pregnancy has also
been associated with longer labours and a higher likelihood of caesarean delivery.®
Additionally, the cognitive impact of sleep restriction is frequently underestimated,
which may have potentially dangerous implications for activities of daily living, such as
driving.

Limitations

This study is limited by the use of a single night of PSG to characterise sleep
patterns, and its cross-sectional rather than longitudinal nature. However, previous
polysomnographic research during pregnancy found no differences in sleep characteristics
when including an adaptation night.*® Undertaking multiple sleep studies at appropriate
time points can be a major problem with the study of pregnant women and they are often
unwilling to undergo additional measurements and procedures. This was reflected in the
low response rate during recruitment and the high dropout rate due to complications of
pregnancy. Although limited by our sample size, it was at least comparable to or larger
than many existing PSG studies.'%*#141°

Although recruitment for this study was targeted at consecutive patients at a large
public hospital, the nature of the study may have resulted in biased sampling (i.e. those
who believe they have a sleeping problem) and restrict generalisation of results.

However, this works both ways, in that some pregnant women declined participation
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citing poor sleep and not wanting to spend a night away from home. Measuring sleep in
an unfamiliar laboratory setting may affect sleep outcomes for some women, but this
allows participants in each group to undergo the same sleep-monitoring conditions and
any associated discomfort is equivalent across groups. We actually found in this study
that pregnant women tended to report sleeping similarly to normal whilst in the
laboratory, whereas the control group tended to report poorer sleep quality than usual.

Participants in this study were limited to an eight-hour period for time in bed.
Although restricting potential sleep time may appear to limit the generalisability of our
findings, it is common for women to continue in the work force until very late into
pregnancy (as evidenced by 78% of the third-trimester women in this study who were still
working), and daily responsibilities such as child-rearing or home duties may exist
regardless of pregnancy status. The ability of the pregnant woman to sleep within certain
time constraints therefore remains relevant.

Conclusions

In summary, pregnancy is characterised by decreased sleep efficiency and
increased awakenings, with a trade-off of less deep sleep in exchange for increased light
sleep and less time in REM sleep. In addition to existing literature, this study provides
greater depth by revealing a higher number of cortical arousals during the later stages of
pregnancy, particularly in response to respiratory events and limb movements.

Given the impact sleep has on physical and mental well-being, assessing sleep
quality throughout pregnant is important. The creation of a screening tool that can be
administered quickly by a health professional during consultation should be considered.
However, as self-report measures can only reveal so much about an individual’s sleeping
habits, it is important to understand the characteristics of sleep during pregnancy in order
to recognise when referral to a sleep specialist may be required, such as the possible
presence of a primary sleep disorder (such as obstructive sleep apnoea or periodic leg
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movement disorder) or significant sleep deprivation, which would require confirmation
via PSG. Only once the cause of sleep disruption is identified can appropriate treatment

options be explored.
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Preface

In the course of investigating sleep patterns during pregnancy in Chapter 3,
another pregnancy-related phenomenon became apparent. Recent research suggests that
sleep-disordered breathing becomes more common during pregnancy. Sleep-disordered
breathing encompasses a spectrum of disorders characterised by upper airway resistance
during sleep, ranging from snoring through to obstructive sleep apnoea (OSA). OSA is
characterised by repeated episodes of partial or complete upper airway obstruction during
sleep, which leads to hypoxaemia and frequent cortical arousals. Episodes of upper
airway collapse are categorised as apnoeas (cessation of aiflov seconds) or
hypopnoeas (discernable reduction in airflow> 10 seconds associated with either an
oxyhaemoglobin desaturation oB 3% or a cortical arousal). OSA is then classified
according to the apnoea-hypopnoea index (AHI), which is calculated as the number of
apnoeas and hypopnoeas per hour of sleep. Although different classifications of OSA
severity exist, mild OSA is commonly considered as an AHI of 5 — 15, moderate OSA as
an AHI of 15 — 30, with severe OSA as an AHI of greater than 30. Recent estimates
report that OSA occurs in at least 2% of the female and 4% of the male adult population.

In the present study, visual inspection of the raw sleep study data for the pregnant
women appeared to reveal signs of sleep-disordered breathing that would not be expected
in healthy young women. This led to the development of Chapter 4, the primary purpose
of which was to investigate both objective and subjective changes in respiration during
sleep in healthy pregnancy. Secondly, this chapter addressed periodic limb movements of
sleep, following on from literature suggesting an increased prevalence of movement

disorders during pregnancy.
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Summary

This study aims to objectively investigate sleep-disordered breathing (SDB) and
periodic limb movements of sleep (PLMS) in the first and third trimester of
uncomplicated pregnancy as compared to the nonpregnant state. Twenty-seven women in
the third trimester of pregnancy, 21 women in the first trimester of pregnancy and 24
nonpregnant control women underwent overnight polysomnography and completed a
questionnaire regarding symptoms of sleep-disordered breathing. Significantly more
women in the third trimester of pregnancy had an apnoea/hypopnoea index per hour
(AHI/hr) of greater than 5 than did the nonpregnant women. On average, women in the
third trimester of pregnancy snored for a significantly greater proportion of total sleep
time as compared to the nonpregnant women, and they were more likely to show
indicators of airflow limitation on polysomnography. Women in the first trimester of
pregnancy showed a trend towards the patterns seen in the third trimester. Compared to
the nonpregnant women, the pregnant women tended to report symptoms of snorting and
gasping more frequently but not loud snoring, suggesting that self-report measures of
SDB may be unreliable. A PLMS index of greater than 5 per hour was significantly more
common in the third-trimester when compared to the first-trimester and nonpregnant
state. This research shows a small but clinically important difference in SDB symptoms
and PLMS exists between healthy non-obese pregnant and nonpregnant women. Further
research into sleep-related breathing disorders during pregnancy is indicated, and an

assessment of sleep health should be an important addition to routine antenatal care.

Keywords. Pregnancy, polysomnography, sleep-disordered breathing, snoring, airflow

limitation.
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Sleeping problems are frequently reported during pregnancy and are attributed to a
wide variety of physical and psychological causes (Baratte-Beebe and Lee, 1999, Mindell
and Jacobson, 2000, Schweiger, 1972). Sleep patterns during pregnancy have been
explored with the use of polysomnography (PSG), with results generally confirming
reports of disturbed sleep (Brunner et al., 1994, Driver and Shapiro, 1992, Hertz et al.,
1992, Lee et al., 2000).

The term sleep-disordered breathing (SDB) encapsulates a spectrum of sleep-
related breathing disorders including upper airway resistance syndrome and obstructive
sleep apnoea (OSA), and is typically associated with physical symptoms such as snoring,
snorting, gasping and choking episodes during sleep. The prevalence of snoring during
pregnancy has primarily been studied using self-report technigques, and has been estimated
at 12% to 41% by the third trimester of uncomplicated pregnancy (Franklin et al., 2000,
Izci et al., 2003, Izci et al., 2006, Loube et al., 1996, Perez-Chada et al., 2007, Ursavas et
al., 2008) compared to approximately 4% to 17% in the nonpregnant female population
(Izci et al., 2003, Izci et al., 2006, Loube et al., 1996, Ursavas et al., 2008). The rate of
snoring in pre-eclampic pregnancy has been reported to be as high as 75% (lzci et al.,
2003). Breathing pauses and choking episodes during sleep have been reported in 14% to
30.6% of women in the third trimester of pregnancy (lzci et al., 2006, Mindell and
Jacobson, 2000), and cumulative increases in apnoea symptoms have been reported from
14 weeks gestation until delivery (Pien et al., 2005).

It is unclear why SDB may be more common during pregnancy, but changes in
respiratory physiology during pregnancy may predispose women to apnoeic respiratory
events during sleep. During pregnancy, functional residual capacity is often reduced
(McAuliffe et al., 2002), due to elevation of the diaphragm from the expanding uterus. It
has also been suggested that the increase in the hormone relaxin culminates in increased
upper airway collapsibility and decreased upper airway calibre (Edwards and Sullivan,
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2008, lzci et al., 2006), and changes in the airway mucosa results in nasopharyngeal
oedema (Elkus and Popovich, 1992). Increased progesterone during pregnancy may in
fact be protective against apnoeic respiratory events due to its impact on heightened
respiratory drive (Contreras et al., 1991), which protects against upper airway occlusion
by enhancing responsiveness of upper airway dilator muscles to stimuli during sleep
(Popovic and White, 1998). However, progesterone also increases diaphragmatic effort
leading to greater negative inspiratory pressures at the level of the upper airway which
may lead to an increased tendency for the upper airway to collapse during sleep (Edwards
et al., 2002). As pregnancy progresses, episodes of partial or complete upper airway
obstruction may cumulate and progress to OSA.

There is little research on the prevalence of OSA in pre-menopausal women
generally (Bixler et al., 2001), and even less in pregnancy. Previous research objectively
measuring SDB in pregnancy has largely focused on specific subgroups such as those
with risk factors for pre-eclampsia (Guilleminault et al., 2007, Blyton et al., 2004) or
pregnant women already suspected of having OSA (Sahin et al., 2008, Edwards et al.,
2005).

Another common physiological condition which has potential to cause sleep
disruption is restless legs syndrome (RLS), which affects approximately 25% of pregnant
women (Manconi et al., 2004, Tung et al., 2007). The majority of people with RLS have
stereotyped repetitive movements during sleep, a distinct condition known as periodic
limb movements of sleep (PLMS) which requires confirmation with PSG. Intense
movements may cause arousals, which if numerous may lead to non-restorative sleep
(Montplaisir et al., 2000). Very few studies have reported on PLMS during pregnancy
(Hertz et al., 1992, Nikkola et al., 1996) and no study has specifically investigated the

occurrence of PLMS during healthy singleton pregnancy.

114



Chapter 4 — SDB and PLMS in Preghancy
Current knowledge on the implications of SDB during pregnancy is limited, but
recent data suggest that it may have an impact on pregnancy-induced hypertension
(Poyares et al., 2007, Perez-Chada et al., 2007, Franklin et al., 2000) and preeclampsia
(Ursavas et al., 2008), and case study data suggests a link between OSA and growth
restriction of the foetus (Charbonneau et al., 1991, Roush and Bell, 2004, Sahin et al.,
2008). The purpose of this study is to investigate both objective and subjective changes
in respiration during sleep, in healthy pregnancy at both the early and later stages. The
occurrence of PLMS and the impact on sleep will also be investigated. It is hypothesised
that the frequency of symptoms of SDB such as snoring and apnoeic respiratory events
and the frequency of PLMS will increase in line with the progression of pregnancy.
Method
The Human Research Ethics Committees at Austin Health, Mercy Hospital for
Women and La Trobe University approved this study and informed consent was obtained
from all participants (see Appendix B). Four hundred and thirty pregnant women from
the Outpatient Obstetrics Clinic at the Mercy Hospital for Women in Heidelberg,
Victoria, Australia were consecutively approached to participate in the study, and of these
58 agreed to participate. Declining to participate was generally due to the time
commitment involved, unwillingness to have a sleep study or an inability to be away from
home overnight due to family responsibilities. After volunteering to participate in the
study, 10 pregnant women withdrew prior to data collection due to pregnancy-related
complications or inability to schedule an appropriate time to attend the sleep laboratory.
Nonpregnant women were recruited from advertisements in the Austin Health newsletter
and from friends of the pregnant participants. Following initial expressions of interest in
the study, a total of seven nonpregnant women did not participate; one woman was
excluded due to her medical history, one could not arrange a suitable date to undergo a
sleep study, and the others were lost to follow-up. Participants were excluded from the
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study if they had a multiple or complicated pregnancy (including hypertension,
gestational diabetes mellitus and preeclampsia), significant medical, psychological or
psychiatric co-morbidity, or a previously diagnosed sleep disorder. No other sleep-related
information was gathered during the recruitment process. In total, 27 women in the third
trimester of pregnancy (T3; 30-38 weeks gestation), 21 women in the first trimester of
pregnancy (T1; 9-14 weeks gestation) and 24 nonpregnant women (control group)
participated in the study.

Polysomnography

Overnight PSG was performed in-laboratory to control for variations in potential
external disruptions in the home environment. PSG was performed using the Somté
(Compumedics, Abbotsford, Australia) portable sleep-monitoring device.  Signals
measured included single channel electroencephalogram  (EEG; C3-A2),
electrooculogram (EOG), nasal airflow measured via nasal oxygen cannula, arterial
oxygen saturation measured via finger oximetry, thoracic and abdominal respiratory
effort, snore, body position, leg movements and heart rate. PSG recordings were de-
identified and sleep staged by a single experienced sleep technologist in accordance with
standard criteria (Rechtschaffen and Kales, 1968). Respiratory events were scored as
defined by the Chicago criteria (1999), and calculated parameters included the
Apnoea/Hypopnoea Index per hour of sleep (AHI/hr) for rapid eye movement (REM) and
non-REM (NREM) sleep in the supine and nonsupine positions. The percentage of total
sleep time (TST) with oxygen saturation less than 95% and number of oxygen
desaturations of > 4% per hour (Oxygen Desaturation Index; ODI/hr) were calculated.
PLMS were measured in accordance with the rules set out by the ASDA Atlas Task Force

(1993).
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M easurement of Snoring

Snoring on PSG was firstly analysed automatically by the Compumedics
Profusion PSG 3 software with the threshold set to 4, minimum time between snores as
0.8 seconds, and minimum snore duration as 0.4 seconds. Snore analysis was then
verified visually by the sleep technologist to reduce error, with snoring threshold for each
participant determined to be at least 25% of the calibration signal given at the start of the
night when they were asked to make a snore as loud as they could. Snoring was then
expressed as the percentage of breaths with associated snores during sleep.
Snoring symptoms

Participants completed the Multivariate Apnea Risk Index (MAP Index; Maislin et
al., 1995) at the time of the sleep study (see Appendix F). The MAP Index is a brief
screening tool for OSA based on the reported frequency (nights per week) of various
symptoms such as loud snoring, snorting, gasping and breathing pauses. Responses were

then condensed into three categories; “never”, “less than 3 nights per week” and “at least
3 nights per week”. Habitual snorers were those who reported snoring at least 3 times per
week.
Statistical Analysis

All statistical analyses were performed with the Statistical Package for Social
Sciences 15.0 (SPSS Inc., Chicago, lllinois). Data were checked for linearity and
normality. Many of the SDB measures were positively skewed as would be expected in
the general population, and hence for statistical purposes non-normally distributed
variables were transformed as appropriate. One third-trimester participant was excluded
from analysis due to PSG signal failure and supine AHI/hr could not be calculated for one
control and one third-trimester participant due to absence of supine sleep. Chi-square
tests, multivariate analysis of variance and univariate analysis of variance were conducted

on the variables of interest, with Newman-Keuls post hoc tests at a significance level of p

117



Chapter 4 — SDB and PLMS in Preghancy
< .05. All values are given in mean = SD for normally distributed variables or median
and interquartile (IQR) range for non-normally distributed variables.

Results
Participants
Participants were approximately 30 years old, were within a healthy weight range
according to pre-pregnant Body Mass Index (BMI) and there was a high prevalence of

tertiary educated women (Table 1).

Table 1

Demographic Variables

Control T1 T3
(n=24) (n=21) (n=26) i
Age? 29.3%+5.9 29.6+34 32.1+3.6 051
Current BMI? 23.9+3.2 26.3+59 29.5+3.3 <.001
Prepreg BMI? 23.9+3.2 254+54 23.4+25 24
Married/De Facto 38 86 92 <.001
(%)
Nulliparous (%) 75 43 54 .08
Tertiary educated 88 100 77 .06
(%)
Employed (%)
Full time 50 43 39 .08
Part time 50 52 39
Not employed 0 5 23

Note. Data are M + SD. T1 = first trimester; T3 = third trimester, BMI = body mass index

#p values associated with univariate ANOVA. All other p values associated with chi-square tests.
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The three participant groups did not differ significantly in terms of employment
status or parity, however a significantly higher percentage of the pregnant women were in
a stable relationship as compared to the control group. BMI at the time of testing differed
significantly between groups in accordance with stage of pregnancy.

Sleep-Disordered Breathing

Significantly more women in the third trimester of pregnancy scored an overall
AHI/hr of greater than 5, as compared to the control group (30.8% vs. 4.2%, y* = 5.98, p
=.014). The proportion of women with an AHI/hr of greater than 5 in the first-trimester
group (23.8%) did not differ from the other groups. However as can be seen in Table 2,
the AHI/hr by sleep stage and position were not different across the three groups (Wilks =
.91, F(8,126) = .75, p = .65), and the overall average AHI/hr did not differ.

What did differ across the groups was the variability in AHI/hr scores, such that
the third-trimester women had a much wider spread of AHI/hr values than the controls.
Although difficult to objectively measure and quantify, visual inspection of the raw data
showed that upper airway resistance and flow limitation was common on many of the
third-trimester pregnant women’s polysomnograms (see Figure 1 and Figure 2 for

examples).

119



Table 2

Seep-Disordered Breathing Measures for Each Group

Chapter 4 — SDB and PLMS in Preghancy

Control T1 T3 Partial
Parameter p
(n=24) (n=21) (n=26) n
AHI/hr NREM 05(0.2-0.7) 05(0.2-1.4) 0.9 (0.4-2.2) .06 15
AHI/hr REM 8.2 11.9 13.0 .04 25
(3.6-15.2) (7.1-21.8) (7.0-21.6)
AHU/hr supine® 1.7(0.7-3.9) 2.6 (1.3-5.2) 4.7 (0.4-8.3) 02 56
AHI/hr nonsupine 1.5 (0.8-4.0) 2.1 (0.8-3.6) 2.1(1.3-4.4) .03 39
AHI/hr overall 1.9 (1.0-35) 24(1.6-48) 2.9(1.4-5.5) .04 30
Minimum O, (%)°  92.0+15 92.6+1.9 923+1.8 02 49
0,<95% %TST 1.2(05-59) 1.5(0.3-21.1) 4.3(0.4-32.4) .03 37
ODlI/hr 0.5(0.1-1.2) 0.3 (0-0.5) 0.3(0-1.2) .03 .36

Note. Data are Mdn (IQR) as variables were transformed. Effect size and probability associated with univariate
ANOVA. AHl/hr = apnoea/hypopnoea index per hour; O2 = oxygen saturation; %TST = percentage of total
sleep time; ODI/hr = oxygen desaturation index; T1 = first trimester; T3 = third trimester.

3 Control n=23 and T3 n=25. °M + SD.
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Figure 1. An example of snoring and airflow limitation in a third-trimester pregnant
participant with an overall AHI/hr of 1.4. The top pane shows a 30-sec epoch of Stage 4
NREM sleep, and the bottom pane is set at 2-min. As can be seen, flow limitation
resulted in cortical arousal and a mild drop in arterial oxygen saturation. At the time the
participant was positioned on her right side. Her BMI at the time of the sleep study was
24.3.

Figure 2. An example of snoring and airflow limitation in a third-trimester pregnant
participant during REM sleep. As can be seen, flow limitation resulted in cortical arousal.
At the time the participant was positioned on her left side. This participant had an overall
AHl/hr of 1.8. Her BMI at the time of the sleep study was 29.1.
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Women in the third trimester of pregnancy spent significantly more of their TST
snoring than did the control group (see Figure 3). Snoring frequency increased
significantly with BMI in the control (r = .76, p <.001) and first-trimester (r = .70, p =
.003) groups, however snoring frequency was not significantly associated with BMI
during the third trimester of pregnancy (r = .17, p = .44).

Measures of nocturnal arterial oxygen saturation (minimum oxygen saturation,
percentage of TST with O, saturation < 95%, ODI/hr) did not differ across the groups
(Wilks = .89, F(6,132) = 1.34, p = .24). However as shown in Table 2, the interquartile
range values for percentage of TST with O, saturation less than 95% was much more

variable in the third-trimester pregnancy group as compared to the control group.
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Figure 3. Box plots displaying median and interquartile range for snoring frequency as a
percentage of total sleep time (TST) for each group. On average, T3 women spent a
significantly higher percentage of TST snoring (Mdn = 5.5, IQR = 2.7 - 16.2) compared
to the control group (Mdn = 0.9, IQR = 0.1 - 3.8; p =.001). T1 women did not differ
from the other groups (Mdn = 2.7, IQR = 0.6 — 9.6). T1 = first trimester of pregnancy.
T3 = third trimester of pregnancy.

122



Chapter 4 — SDB and PLMS in Preghancy
Subjective Snoring
The reported frequency of SDB symptoms for participants who were either
themselves aware or had been told of their symptoms is presented in Table 3. The
difference in the reported frequency of snorting and gasping during sleep across the three
groups was nearing significance (X2 = 9.10, p = .06), with more third-trimester pregnant
women reporting occasional (< 3 nights per week) or frequent § nights per week)
symptoms of snorting and gasping. There was no significant difference across groups on

reported frequency of loud snoring or breathing pauses and choking.

Table 3

Reported Symptoms of Seep-Disordered Breathing on the MAP Index

% Control Tl T3 p

Snorting/Gasping

Never 86.4 87.5 52.6 .06
< 3 nights per week 13.6 6.3 31.6
> 3 nights per week 0 6.3 15.8

Loud Snoring

Never 69.6 66.7 41.7 15
< 3 nights per week 30.4 22.2 41.7
> 3 nights per week 0 11.1 16.7

Choking/Apnoeas

Never 100 93.8 89.5 32
< 3 nights per week 0 6.3 10.5
> 3 nights per week 0 0 0

Note. Chi-square test, p <.05. T1 = first trimester; T3 = third trimester.
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However, further analyses show that reported symptom frequency may not always

be indicative of objective measures. As shown in Figure 4, there is large variation in
objectively measured snoring for reported non-snorers, infrequent snorers and habitual
snorers. For example, one third-trimester pregnant participant reported never snoring, but
snored for 23% of her TST, whereas another reported infrequent snoring (actual response
on the MAP Index was less than once per week) but snored for 60% of her total sleep
time. In the first-trimester pregnant group, two participants reported never snoring but
they snored for 49% and 20% of their TST and were in fact the heaviest snorers within

the first-trimester group.
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Figure 4. Percentage of breaths with snores present during sleep as measured on PSG for
participants who reported never snoring, snoring < 3 nights per week, or snorirg 3
nights per week. Data is shown separately for the control group, first-trimester pregnant
group (T1) and third-trimester pregnant group (T3).
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Periodic Limb Movements of Sleep
On average, PLMS were seen more frequently in the third-trimester group (Mdn =
1.8/hr, IQR = 0-5.7) when compared to the first-trimester (0, 0-2.8) and control group (0,
0-1; F(2,69) = 4.59, p = .01, see Figure 5). Significantly more third-trimester women had
a PLMS index of >5 as compared to the controls (29.6% vs. 4.2%, p = .03), but not >15 in
accordance with the International Classification of Sleep Disorders, Second Edition
(ICSD-2; AASM, 2005) criteria for an abnormal PLMS index (11.1% vs. 0%, p = .22).
Although PLMS were more common in the third trimester of pregnancy, there was no
correlation between PLMS and sleep efficiency in this group (r = .09, p = .64) or overall
(r =-.02, p=.88). PLMS index within each group or overall did not correlate with any

stage of sleep or measure of overnight awakenings.
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Figure 5. Box plots displaying median and interquartile range for PLMS index for each
group. On average, PLMS were seen more frequently in the T3 women compared to the
T1 and control women (p = .01). Note: two outliers for T3 group are not displayed. T1 =
first trimester of pregnancy. T3 = third trimester of pregnancy.
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Sleep Efficiency

Sleep efficiency was significantly higher in the control group (M = 90.0, SD =
6.4) compared to the third-trimester pregnant group (M = 81.7, SD = 10.8) and first-
trimester pregnant group (M = 84.9, SD = 8.0; F(2,68 = 5.68, p = .005, n* = .14). Sleep
position also differed significantly, with women in the third trimester of pregnancy
spending a lesser percentage of TST in the supine position (M = 19.4, SD = 15.4)
compared to the first-trimester (M = 41.0, SD = 23.6) and control group (M = 33.1, SD =
23.0; F(2,67) = 6.55, p=.003, n’ = .16).

Discussion

The aim of this study was to objectively investigate SDB and PLMS in a sample
of otherwise healthy non-obese pregnant women. Within this sample, 31% of the third-
trimester pregnant women scored an overall AHI/hr of greater than 5, compared with 24%
of the first-trimester pregnant women and only 4% of the nonpregnant women.
Furthermore, visual inspection of the raw data revealed that upper airway resistance and
flow limitation was apparent in the respiratory profiles of many of the third-trimester
pregnant women. This observation supports previous work measuring oesophageal
pressure during sleep in healthy young pregnant women, which identified two abnormal
breathing patterns during sleep that were often associated with loud chronic snoring
(Guilleminault et al., 2000).

Snoring was also most prevalent amongst the third-trimester pregnant women with
a quarter of the sample snoring for over 16% of the night. This finding was despite the
fact that third-trimester pregnant women spent a significantly lesser proportion of their
sleep time supine, a position which typically increases snoring (Oksenberg and
Silverberg, 1998). Women in the first trimester of pregnancy also tended to spend a
higher proportion of their sleep time snoring as compared to the controls, but not
significantly so. Although objectively measured in this study, snoring can be difficult to
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quantify and subsequently compare to previous research studies. Our study gives
objective support to previous questionnaire-based studies which found that snoring was
more commonly reported during pregnancy (lzci et al., 2006, Perez-Chada et al., 2007,
Pien et al., 2005, Loube et al., 1996, Ursavas et al., 2008). However, from our study it
was apparent that some women under-report their snoring habits, potentially due to the
perceived negative stigma attached to snoring. This discrepancy between reported and
actual snoring brings into question the accuracy of self-reported measures as a means of
assessing this important parameter. Furthermore, it casts uncertainty over the validity of
conclusions made by studies linking self-reported snoring during pregnancy to negative
outcomes such as pregnancy-induced hypertension and pre-eclampsia (Bourjeily et al.,
2010, Franklin et al., 2000, Perez-Chada et al., 2007).

Although the difference in AHI/hr across the groups was mostly a wider variation
in AHI/hr scores amongst the third-trimester pregnant women rather than significantly
different median values, the significantly increased prevalence of snoring in this group of
women may be of clinical significance. This pattern of SDB is more likely to resemble a
syndrome referred to as upper airway resistance syndrome (UARS), which does not
feature the classical repetitive episodes of complete obstruction often seen in males who
have OSA (Edwards and Sullivan, 2008). Our finding that a quarter of the third-trimester
pregnant women spent almost a third of their TST with their arterial oxygen saturation at
less than 95% further hints that pregnancy is associated with prolonged flow limitation
rather than discrete respiratory events. Studies have shown that even seemingly low
levels of disease such as UARS in women is still associated with marked impairment of
daytime function (Guilleminault et al., 1993), symptoms of insomnia, fatigue and
depressive mood (Guilleminault et al., 2006), and the development of hypertension
(Guilleminault et al., 1996). Consequently, a relatively low AHI/hr value should not
automatically exclude diagnosis of a significant sleep-related breathing disorder. Given
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the potential for healthy pregnant women to develop even a mild degree of SDB, further
research is required to ascertain possible adverse maternal and foetal outcomes of milder
forms of SDB.

Given that SDB in women may not typically feature discrete episodes of upper
airway obstruction often seen in males with OSA, using only AHI/hr calculated via PSG
may not be the optimal measure when investigating upper airway function in pregnant
women.  Unfortunately, other methods used to quantify limited airflow, such as
oesophageal manometry, are invasive and uncomfortable for the patient and therefore
other means of investigating SDB or even the development of a different diagnostic
criterion for this population is warranted.

Research into SDB during pregnancy is still in the early stages, and as yet it is
unknown whether pregnancy only exacerbates pre-existing SDB or whether SDB can
develop in previously unaffected pregnant women. A large prospective study is needed to
reveal how the many proposed mechanisms such as narrowed upper airway size (lzci et
al., 2006), nasopharyngeal oedema (Pilkington et al., 1995, Elkus and Popovich, 1992),
rhinitis (Gani et al., 2003), hormonal influences on upper airway and diaphragmatic drive
(Edwards and Sullivan, 2008), obesity (Richman et al., 1994) and gestational weight gain
contribute to this condition. In the case that the link between SDB and negative
pregnancy outcomes is strengthened, the development of a predictive tool to determine
which women are likely to develop SDB during pregnancy is important, particularly one
that could be incorporated into antenatal health assessments.

Women in the third trimester of pregnancy also featured a higher rate of PLMS,
although the PLMS index did not influence overall sleep quality. A PLMS index of > 5
for the entire night of sleep is considered pathological (Montplaisir et al., 2000), and
within our sample 29% of the third-trimester pregnant women met this criterion compared
to only 4% of the nonpregnant women. Given the apparent commonness of this
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condition, there is a distinct lack of data on PLMS during pregnancy. RLS during
pregnancy has been associated with increased amounts of PLMS (Dzaja et al., 2009),
however the pregnancy literature appears to focus on RLS which is considered as distinct
from PLMS.

The main limitation of this study is its cross-sectional, rather than longitudinal
nature. Ideally, pregnant women would have had multiple sleep studies over the course
of their pregnancy. However, pregnant women are often unwilling to undergo additional
tests and procedures above and beyond those already associated with their pregnancy,
especially when it involves multiple nights away from home. This was reflected in the
low response rate during recruitment and the high dropout rate after interest in the study
was initially expressed. Consequently, the investigation of sleep-related breathing
disorders during pregnancy has typically been based on the much less reliable self-report
methodologies. The low response rate was unlikely to lead to sample bias, as women
approached to participate in this study were not informed of the study hypotheses and
were blinded to the fact that SDB was a particular focus of the study.

This study has shown a clinically relevant difference in SDB symptoms and
PLMS between healthy pregnant and nonpregnant women. In particular, women in the
third trimester of pregnancy were more likely to demonstrate at least a mild degree of
OSA, and on average they spent a significantly greater proportion of sleep time snoring as
compared to nonpregnant women. Almost a third of the women in the third trimester of
pregnancy were found to have a PLMS index considered to be pathological. Further
research into the aetiology and evolution of sleep disorders during pregnancy is indicated,
as well as investigation of potential adverse maternal and foetal effects of milder forms of
SDB. An assessment of sleep health should be considered as an important addition to

routine antenatal care.
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Preface

So far, Chapters 2 and 3 have shown that pregnancy is associated with reduced
verbal episodic memory and that sleep is disrupted in a number of ways. As yet the cause
of memory problems during pregnancy is unknown. This study hypothesises that the
popular theory that memory consolidation occurs during sleep may be applicable to the
pregnant population and may help to explain why memory difficulties occur. No study to
date has objectively measured both memory performance and sleep in the attempt to
explain memory difficulties during pregnancy.

The purpose of Chapter 5 is to bring together the results from previous chapters, to
examine whether memory impairments during pregnancy can be attributed to sleep
disturbance, whilst accounting for potential confounders to this relationship. The present
study also aims to test two common theories of memory consolidation during sleep by

investigating the relationships between different types of memory and sleep stages.
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Abstract

This study investigated episodic and procedural memory retention in early and late
pregnancy and whether memory retention was related to sleep disruption. Twenty-six
women in the third trimester of pregnancy, 20 women in the first trimester of pregnancy
and 24 nonpregnant controls were administered a series of verbal and visual episodic
memory tasks and two procedural memory tasks, and underwent an overnight sleep study.
Results indicated that when compared to controls, both pregnant groups had reduced
retention in verbal episodic memory but were unimpaired on visual and procedural
memory tasks. The pregnant women also demonstrated significant disruption of sleep
patterns. Contrary to prevailing theories regarding memory consolidation during sleep,

reduced memory retention was not related to any measure of sleep.

Keywords: Attention, Consolidation, Episodic, Pregnant, Procedural, Progesterone

Word count: 6,591 (excluding references)
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Memory complaints are commonly reported during pregnancy (Brindle, Brown,
Brown, Griffith, & Turner, 1991; Janes, Casey, Huntsdale, & Angus, 1999; Parsons &
Redman, 1991), with deficits demonstrated on word list learning (Buckwalter, et al.,
1999; de Groot, Vuurman, Hornstra, & Jolles, 2006; Sharp, Brindle, Brown, & Turner,
1993), paragraph recall (Keenan, Yaldoo, Stress, Fuerst, & Ginsburg, 1998) semantic
fluency (de Groot, Hornstra, Roozendaal, & Jolles, 2003) and priming (Brindle, et al.,
1991; Sharp, et al., 1993). However, this effect is not consistently observed (Casey,
2000; Casey, Huntsdale, Angus, & Janes, 1999; Christensen, Poyser, Pollitt, & Cubis,
1999).

The cause of memory complaints during pregnancy is yet to be determined, but is
likely to be multi-factorial. One common explanation for memory impairments in
pregnancy relates to hormonal change, but no consistent associations between these
factors has been noted (Buckwalter, et al., 1999; Silber, Almkvist, Larsson, & Uvnas-
Moberg, 1990). A frequent complaint made during pregnancy is that of sleep disruption.
While correlations between crude measures of self-reported sleep disturbance and verbal
memory (Christensen, Leach, & Mackinnon, 2010; Keenan, et al., 1998) have been noted,
as yet no study has objectively measured both memory performance and sleep in the
attempt to explain memory difficulties during pregnancy.

Polysomnography (PSG) studies undertaken during pregnancy have consistently
shown that sleep efficiency (defined as time spent sleeping as a percentage of time spent
in bed) is reduced in the pregnant state and deteriorates as pregnancy advances (Brunner,
et al., 1994; K. A. Lee, Zaffke, & McEnany, 2000), mostly as a result of increased time
spent awake after sleep onset (Brunner, et al., 1994; Driver & Shapiro, 1992; Hertz, et al.,
1992). The alterations in rapid eye movement (REM) sleep associated with pregnancy
have ranged from a reduction in comparison to nonpregnant controls (Driver & Shapiro,
1992; Hertz, et al., 1992), a reduction from early to late pregnancy (Brunner, et al., 1994),
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through to showing no significant differences (K. A. Lee, et al., 2000; Schorr, et al.,
1998). Slow wave sleep (SWS) is often decreased compared to prepregnancy baseline
measures (K. A. Lee, et al., 2000) and nonpregnant women (Hertz, et al., 1992; Schorr, et
al., 1998), however no changes across trimesters (Brunner, et al., 1994) and even an
increase in SWS in pregnancy has been documented (Driver & Shapiro, 1992).

The mechanisms of memory reprocessing during sleep are far from understood. It
is though that during sleep, a central mechanism for memory consolidation is the covert
reactivation of neuronal populations used for encoding the respective materials during
prior learning (Maquet, 2001; McNaughton, et al., 2003; Stickgold, Hobson, Fosse, &
Fosse, 2001). The hippocampal replay of previously encoded events drives a transfer of
information to the neocortex in which the memory becomes consolidated and integrated
into long-term representations (McClelland, McNaughton, & O'Reilly, 1995;
McNaughton, et al., 2003; Wilson & McNaughton, 1994). Different sleep stages are
thought to contribute to consolidation of memory in different ways. The dual-process
hypothesis argues that SWS facilitates the consolidation of declarative memory, whereas
REM sleep facilitates the consolidation of implicit memory (Plihal & Born, 1997).
Alternatively, the double-step hypothesis contends that SWS and REM sleep each play
complementary roles and act serially to consolidate the memory trace (Ficca, Lombardo,
Rossi, & Salzarulo, 2000; Giuditta, et al., 1995).

There are many potential confounding factors in the relationship between sleep
and memory consolidation during pregnancy. Firstly, changes in respiratory function
during pregnancy can lead to alterations in maternal oxygenation during sleep (Connolly,
et al., 2001; Prodromakis, Trakada, Tsapanos, & Spiropoulos, 2004). Hypoxic episodes
during sleep can be associated with damage to the brain if they frequently recur (Gibson,
Pulsinelli, Blass, & Duffy, 1981) and the hippocampus is particularly vulnerable to
oxygen deprivation (Caine & Watson, 2000).
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Another important consideration is the role of attention. The clearest effect of
sleep loss is sleepiness (Bonnet, 2000), which has been related to response slowing and
attentional lapses (Durmer & Dinges, 2005). Lapses in attention decrease the ability of
the person to focus and give necessary effort to complete a task successfully (Johnson,
1982; Meddis, 1982).

Depressive symptomatology in the prenatal period is also common with rates
between 14% and 37% (Andersson, et al., 2003; A. M. Lee, et al., 2007; Priest, Austin,
Barnett, & Buist, 2008). Individuals with disordered mood have previously been shown
to exhibit impaired memory function (Bearden, et al., 2006; Sweeney, Kmiec, & Kupfer,
2000). Pregnant women identified as being depressed report poorer sleep quality (Field,
et al., 2007; Jomeen & Martin, 2007), and sleep deprivation is a reliable predictor of both
prenatal (Field, et al., 2007; Skouteris, Germano, Wertheim, Paxton, & Milgrom, 2008)
and postnatal mood changes (Wilkie & Shapiro, 1992; Wolfson, Crowley, Anwer, &
Bassett, 2003).

The purpose of this study was to examine the relationship between sleep and
memory during pregnancy, by establishing whether memory impairment in pregnancy can
be attributed to sleep disturbances whilst accounting for the potential confounders of
attention, mood, hormone level and hypoxaemia during sleep. It was hypothesised that
pregnant women would perform more poorly on episodic and procedural memory tasks in
comparison to nonpregnant women, and that this would be associated with measures of
sleep disruption. This study also investigated the relationship between episodic and
procedural memory and sleep stages, testing both the dual-process and the double-step

hypotheses of memory consolidation during sleep.

141



Chapter 5 — Memory Retention and Sleep during Pregnancy
Method

Participants

Twenty-six women in the third trimester of pregnancy (T3: 30-38 weeks
gestation), 20 women in the first trimester of pregnancy (T1: 9-14 weeks gestation) and
24 nonpregnant women (control group) participated in the study. The Human Research
Ethics Committees at each institution involved in this research approved this study and
informed consent was obtained from all participants (see Appendix B). Four hundred and
thirty pregnant women from the Outpatient Obstetrics Clinic of a major maternity hospital
were consecutively approached to participate in the study, of these 56 agreed. Participant
declination was mostly due to the time commitment involved, unwillingness to have a
sleep study and inability to be away from home overnight. After volunteering to
participate, ten pregnant women withdrew prior to data collection due to pregnancy-
related complications or inability to schedule an appropriate night to attend the sleep
laboratory. Nonpregnant women were recruited from advertisements in the hospital
newsletter and from friends of the pregnant participants. Participants were excluded if
they had a multiple or complicated pregnancy (including hypertension, gestational
diabetes mellitus and preeclampsia), a significant medical, psychological or psychiatric
co-morbidity, a previously diagnosed sleep disorder, or a history of head injury or
memory problems. Those with uncorrected hearing or a visual impairment, poor English
language skills and those taking anti-depressant medication were also excluded.
Materials

The demographic information collected included date of birth, handedness,
relationship status, number of children, level of education, and employment status.
Gestation in number of weeks was also collected for the pregnant participants. The

instruments administered include:
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Depression Anxiety Stress Scale — Short version (DASS21; Lovibond &
Lovibond, 1995).
Wechsler Abbreviated Scale of Intelligence (WASI; The Psychological
Corporation, 1999).
Test of Memory Malingering (TOMM; Tombaugh, 1996). Participants in this
study were deemed to be giving sufficient effort if they scored at least 45 out of 50
(90%) on the second trial.
Wechsler Memory Scale — Third Edition (WMS-I111; Wechsler, 1997). The scaled
scores from the four primary subtests of Logical Memory, Faces, Verbal Paired
Associates and Family Pictures were used to assess episodic memory. The Rarely
Missed Index for Logical Memory Recognition (Killgore & DellaPietra, 2000)
was also calculated as a measure of response validity.
Rey Auditory-Verbal Learning Test (RAVLT; Rey, 1964). Memory retention on
the RAVLT was defined as the number of words retained on delayed recall as a
percentage of the number of words recalled on the fifth immediate recall trial;
therefore a higher percentage indicates better memory retention.
Austin (Milner) Maze (Milner, 1965; Walsh, 1985). Errors on each of 10 trials
were calculated as the number of times the participant presses a button that is not
on the correct path. Delayed recall was assessed by the number of errors made on
one further trial. Memory retention was defined as the number of errors made on
the delay trial minus the number of errors made on the tenth learning trial,
resulting in a ‘difference’ score.
Motor Sequence Learning. This procedural memory task is the same as the
Finger-tapping Task used by Walker, Brakefield, Morgan, Hobson and Stickgold
(2002), but for the purpose of this study will be termed Motor Sequence Learning

so as not to confuse with the Finger Tapping Test (Reitan, 1979) used in
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neuropsychological test batteries. Motor Sequence Learning requires participants
to press four numeric keys on a standard computer keyboard with the fingers of
their left (non-dominant) hand, repeating the five element sequence 4-1-3-2-4 as
quickly and as accurately as possible for a period of 30 seconds. The numeric
sequence was displayed at the top of the screen at all times to exclude any
working memory component to the task. Training consisted of ten 30-second
trials with 30-second rest periods between trials. The scores (number of
sequences and number of errors) from the final two trials were averaged and taken
as the “posttraining” performance. The averaged scores of two further 30-second
trials assessed delayed performance. Memory retention was defined as the
number of sequences and errors made on delay minus those made on
“posttraining”. A positive difference score therefore represents an increased
number of sequences or errors after the retention interval.

Mirror-Tracing Task (Model 31010; Lafayette Instrument Co., Lafayette,
Indiana). For this procedural memory task, participants were instructed to quickly
and accurately trace a flat, six-pointed star with a pencil while only a mirror-
inverted image of the star was visible. Performance on each of ten trials was
assessed by the number of errors (drawing outside the edges of the star) and the
time taken to trace the star. The averaged scores from the final two trials were
taken as the “posttraining” performance, and the averaged scores of two further
trials assessed delayed performance. Memory retention was defined as the tracing
time and errors made on delay minus those made on “posttraining”; again a
positive difference score represents an increase in tracing time or errors after the
retention interval.

Test of Variables of Attention (TOVA; The TOVA Company, Los Alamitos,

California). Variables measured include response time, variability of response
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time (consistency), errors of commission (impulsivity) and errors of omission
(inattention).

Polysomnography. Overnight PSG was conducted in-laboratory with the Somté
(Compumedics, Abbotsford, Australia) portable sleep-monitoring device to
control for variations in external disruptions in the home environment and to
provide greater comfort for the participants. Portable sleep-monitoring systems
are commonly used in clinical settings and have been shown to have a high level
of agreement with standard laboratory-based systems (Churchward, et al., 2006;
Mykytyn, Sajkob, Neill, & McEvoy, 1999). PSG recordings were sleep staged by
a single experienced sleep technologist who was blinded to pregnancy status, in
accordance with standard criteria (Rechtschaffen & Kales, 1968).  Sleep
parameters included total sleep time (TST), number of minutes spent in Stage 1
sleep (NREM1), Stage 2 sleep (NREM2), SWS (Stage 3 and 4 combined) and
REM sleep, number of awakenings during sleep and wake after sleep onset
(WASO). Sleep cycle analysis was based on that used by Mazzoni et al. (1999).
A sleep cycle was defined as a sequence of non-REM (NREM) and REM sleep
not interrupted by a waking period longer than 2 minutes. To define a
NREM/REM sequence, both NREM and REM periods had to be longer than 2
minutes. REM epochs of shorter than 2 minutes were included in the previous
sleep state. A sequence of NREM stages interrupted by a period of wake longer
than 2 minutes was not considered part of a NREM/REM cycle. Variables
measured were the number of sleep cycles, average sleep cycle length in minutes,
and total cycle time (TCT) as a proportion of total sleep time (TCT/TST).
Arousals from sleep were measured in accordance with the rules set out by the

ASDA Atlas Task Force (Bonnet, et al., 1992). Lowest arterial oxygen saturation
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during sleep was recorded, as well as percentage of TST with arterial oxygen
saturation less than 95%.
Procedure

Participants arrived at the sleep laboratory in the evening, having refrained from
drinking alcohol and caffeinated beverages from midday. The testing battery was
administered as presented in Table 1. All participants were tested at the same time of day
by the same investigator. The evening testing session took approximately two hours and

participants were given rest breaks as requested.

Table 1

Schedule of Neuropsychological Testing and Estimated Administration Time

Order of Testing Administration Time (mins)
Demographics <5
DASS21 <5
WASI 30
TOMM 10
Motor Sequence Learning 10
Mirror Tracing Task 10
Austin Maze 10
WMS-11I 20
RAVLT 5}
TOVA 22

Note. DASS21 = Depression Anxiety Stress Scale — Short version; WASI = Wechsler Abbreviated Scale
of Intelligence; TOMM = Test of Memory Malingering; WMS-111 = Wechsler Memory Scale — Third

Edition; RAVLT = Rey Auditory-Verbal Learning Test; TOVA = Test of Variables of Attention.
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On completion of testing, participants were set-up with the portable sleep-
monitoring device and allowed to go to bed in a private room. Participants were left
undisturbed until they were woken eight hours after lights out time. Approximately 30
minutes after waking, the delayed components of the memory tests were administered in
the same order as in the evening, and blood samples were taken for serum progesterone
levels due to its potentially soporific effect (Herrmann & Beach, 1978; Sdderpalm,
Lindsey, Purdy, Hauger, & de Wit, 2004).

Statistical Analysis

All statistical analyses were performed with the Statistical Package for Social
Sciences 15.0 (SPSS Inc., Chicago, Illinois). Data were checked for linearity and
normality and non-normally distributed variables were either square root or log
transformed as appropriate. The few extreme univariate outliers found (z score > 3.29)
were assigned a raw score one unit larger or smaller than the next most extreme score in
the distribution, as recommended by Tabachnick and Fidell (2007). Data was screened
for multivariate outliers using Mahalanobis distance (Tabachnick & Fidell, 2007) and
none were found. Four third-trimester women, one first-trimester woman and one control
woman were unable to complete the Mirror-Tracing Task due to its difficulty. TOVA
data for one first-trimester woman was invalid due to an unanticipated disruption during
the fourth quarter of the test. Up until this point performance was within normal limits
and therefore this participant was included in all other analyses.

Chi-square tests and one-way between-groups analysis of variance (ANOVA)
were used to compare the three groups on demographic variables and intellectual
functioning. One-way between-groups multivariate analysis of variance (MANOVA)
was used to compare groups on memory retention on the WMS-I11 subtests along with the
RAVLT and Austin Maze, and to compare groups on procedural memory retention. One-
way between-groups MANOVA was also used to compare groups on sleep parameters
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and mood state. A mixed 3 (group) x 4 (quarter) ANOVA was used to analyse TOVA
response time and response time variability. In order to determine which variables
contributed to memory retention during pregnancy, one-way between-groups analysis of
covariance (ANCOVA) were conducted. The correlation matrix was examined to check
for multicollinearity. Potential covariates were those that correlated with memory
retention and met the homogeneity of regression assumption. As progesterone is strongly
linked to pregnancy status it could not be considered a covariate, so the effect of
progesterone on memory was investigated using multiple regression. The relationship
between memory retention and parameters of sleep was investigating using bivariate
correlations.

Effect sizes were calculated using eta squared and partial eta squared with 95%
confidence intervals according to Smithson’s (2003) method. Effect sizes of .01, .06 and
.14 are considered small, medium and large in magnitude respectively. On those items
where a significant difference between groups was detected, further investigation was
conducted with post hoc Tukey tests with the significance level set at p < .05. All values
are given in mean * standard deviation for normally distributed variables or median
(Mdn) and interquartile (IQR) range for non-normally distributed variables.

Results
Participants

The average age in years of the third-trimester (M = 32.2, SD = 3.6), first-
trimester (M = 29.4, SD = 3.3) and control groups (M = 29.3, SD = 5.9) did not differ (p
=.09). Further demographic details for each of the groups are presented in Table 2. The
three participant groups did not differ in terms of handedness, education level,
employment status or whether they already had children. However, not too surprisingly,
significantly more pregnant women were in a stable relationship as compared to the
control group.
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Table 2

Percentage of Participants in Each Demographic Category

Control T1 T3 P p

(n=24) (n=20) (n=26)

Right handed 87.5 95.0 96.2 1.60 45
Relationship status 25.61** <.001
Married/De facto 37.5 85 92.3
Relationship 25 15 7.7
Single 37.5 0 0
Has children 25 55 46.2 4.43 A1
Tertiary educated 87.5 100 76.9 5.38 .07
Employment 8.20 .09
Full time 50 45 38.5
Part time 50 50 38.5
Unemployed 0 5 23

Note. Values given in percentages. T1 = first trimester of pregnancy; T3 = third trimester of pregnancy.

**p< .01

Intellectual Functioning
The third-trimester, first-trimester and control groups were equivalent in terms of

Verbal and Performance 1Q, and the Full Scale 1Q did not differ across groups (control: M

1148, D =8.2; T1: M=111.1, D =8.6; T3: M =114.1, SD =10.7; F(2,67) = 0.96, p
= .39).

Measures of Effort

All participants scored 45 or greater on the second trial of the TOMM, indicating

that no participant was feigning memory difficulties. Two control participants scored
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under the cutoff of 136 on the Rarely Missed Index for Logical Memory Recognition.
However, both participants scored above average on overall General Memory on the
WMS-I11I and were deemed to be giving sufficient effort during testing. All participants
performed better on RAVLT recognition as compared to the first trial (Greiffenstein,
Baker, & Gola, 1996) and delayed recall (Bernard, Houston, & Natoli, 1993; Flowers,
Sheridan, & Shadbolt, 1996), further indicating sufficient effort towards testing.

Memory Retention

The means, standard deviations, significance levels and effect sizes with 95%
confidence intervals (CI) for each between-group comparison on memory retention scores
for each memory test are presented in Table 3.
Episodic memory. Measures of verbal episodic memory retention (Logical Memory,
Verbal Paired Associates, RAVLT) differed significantly across the groups, Wilks= .65,
F(6,130) = 5.26, p < .001, partial n® = .20, (CI .06 - .28). In particular, the first-trimester
pregnant group retained significantly less information on the Logical Memory task as
compared to the third-trimester pregnant and control groups, and the effect size was large.
The third-trimester pregnant group retained a significantly lower percentage of words
from the RAVLT over the retention interval as compared to the control group, with a
large effect size. There were no differences across the groups on retention for the Verbal
Paired Associates task.

Measures of visual episodic memory retention (Faces, Family Pictures and Austin
Maze) did not differ across the groups, Wilks= .94, F(6,130) = 0.73, p = .63, partial n* =
.03, (CI .00 - .06). All groups retained close to 100% on the Family Pictures task and on
average, participants performed better on the Faces task after the retention interval. On
the Austin Maze, all groups showed an increase in errors made on delay compared to the

tenth trial of learning.
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Mean (+ SD) of Memory Retention Scores for Each Group and Level of Sgnificance and

Effect Szes for Between-Group Comparisons

2T

Subtest Control T1 T3 F p partial n
(n=24) (n=20) (n=26)
Episodic Tasks
LM % 824+11.4, 66.2 +18.1, 79.1+15.1, 7.02%* 002 17 (.03, .32)
VPA % 99.5+4.9 93.4+129 94.2+135 2.05* A4 .06 (.00, .17)
Faces % 106.3+8.4 103.4 +10.0 105.3+8.1 0.60°* .55 .02 (.00, .10)
FP%* 100.0 100.0 98.4 0.84" .44  .02(.00,.11)
(98.1-103.0)  (97.7-101.2)  (95.6-100.0)
RAVLT % 87.7+13.0, 78.4 £ 18.9, 723+16.2, 5.79** 005 15 (.02, .29)
Maze 1.2+14 1.8+1.6 1.2+2.1 070" 50  .02(.00,.11)
Procedural Tasks

MS seq. 3.9+36 35+17 27420 1485 24 .04(.00,.15)
MS seq. % 17.7 £19.0 17.4+10.3 13.2+11.3 073 49  .02(.00,.11)
MS errors -1.2+19 0917 0512 1.28° .29 .04 (.00, .15)
MT time sec. -22+54 0.8+5.0 -26+6.3 217" 12 .07 (.00, .20)
MT time % -54+16.1 2.7+14.3 -49+17.3 1.63" .20 .05 (.00, .17)
MT errors -5.0x55 -3.2+3.7 35129 1.08" .35 .03 (.00, .14)

Note. Means in the same row that do not share subscripts differ at p < .05 in the Tukey significant

difference comparison. LM = Logical Memory; VPA = Verbal Paired Associates; FP = Family Pictures;

RAVLT = Rey Auditory-Verbal Learning Test; Maze = Austin Maze Errors; MS seq. = Motor Sequence

Learning number of sequences; MS seq. % = Motor Sequence Learning retention score as a percentage; MT

time = Mirror-tracing; MT time % = Mirror-tracing time retention score as a percentage; T1 = first trimester

of pregnancy; T3 = third trimester of pregnancy.

959 confidence intervals given in parentheses (upper, lower). *df=2,67.5df = 2,66. "df = 2,61.

*Values given as Mdn (IQR) as variable was transformed.

**p< .01, *p<.05
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Procedural memory. On average, all groups similarly improved over the
retention interval on the Motor Sequence Learning task by increasing the number of
sequences and decreasing the number of errors, Wilks= .94, F(4,130) = 1.06, p = .38,
partial n> = .03, (ClI .00 - .08). On the Mirror-Tracing Task, the control and third-
trimester pregnant group improved their tracing time on average over the retention
interval, whereas the first-trimester pregnant group tended to have a slightly increased
tracing time. All groups decreased their error rate over the retention interval, and overall
there was no significant difference across groups on this task, Wilks= .91, F(4,120) =
1.49, p = .21, partial n? = .05, (CI .00 - .11).
Potential FactorsInfluencing Verbal Episodic Memory Retention
Sleep Parameters. The means, standard deviations, significance levels and effect sizes
with 95% confidence intervals for each between-group comparison for sleep parameters
are presented in Table 4. Measures of sleep fragmentation (TST, WASO, number of
awakenings and arousals/hr) differed significantly across the groups, Wilks= .69, F(8,128)
=3.34, p=.002, partial n*= .17, (Cl .03 - .24). In particular, women in the third trimester
of pregnancy spent significantly less time asleep than the controls and had significantly
more cortical arousals per hour than both the first-trimesters and controls. WASO was
significantly less in the control group as compared to both pregnant groups. The effect
sizes for these differences were all medium to large. The overall difference in time spent
in each sleep stage across the groups demonstrated a strong trend, Wilks = .80, F(8,128) =
1.94, p = .059, partial n? = .11, (CI .00 - .16). However, one-way ANOVA revealed that
third-trimester pregnant women spent significantly less time in REM sleep and SWS
sleep when compared to the control group. The effect sizes of these differences were
medium to large. Measures of sleep cycle architecture (number of sleep cycles, average
sleep cycle length, TCT/TST (%)) differed significantly across the groups, Wilks= .80,
F(6,130) = 2.56, p = .02, partial n’ = .11, (CI .00 - .17). The control group spent
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Table 4
Mean (x SD) of Seep Parameters for Each Group and Level of Sgnificance and Effect

Szes for Between-Group Comparisons

Sleep Control T1 T3 F' P partial n**
parameter (n=24) (n=20) (n=26)
TST (min) 427.2+42.4, 403.7+38.4, 388.6+559, 4.28* .018 .11 (.00, .25)

WASO (min) ~ 28.0+19.5, 51.0+356, 59.1+33.8, 6.95%* 002 .17(.03,.31)
Awakenings 153+ 4.1 162+ 4.7 18.6+6.9 255 .09 .07(.00,.19)
Arousals/hr® 8.8 10.6 14,5 10.46*%* <.001 .24 (.00, .38)
(7.1-10.9), (7.4-14.0), (10.6-18.2),
NREMI (min) 27.8+122  294+156  356+156 200 .14 .06 (.00,.17)
NREM2 (min) 167.1+39.3 1635+435 166.2+344 005 .95 .001(.00,.03)
SWS (min) 157.5+39.5, 147.4+614, 1232+425, 3.40%* .04 .09 (.00,.22)
REM (min) 750+181, 634+152, 621+203, 365 .03 .10(.00,.23)
Cycles (n.) 45+13 42+ 15 38+10 229 .11 .06 (.00,.18)
Cycles (min) ~ 824+221  746+186  703+21.0 216 .12 .06 (.00,.18)

TCT/TST (%) 83.9+17.1, 73.1+143, 669212, 564* 005 .14(.01,.28)

Min O2 (%) 92.0+15 925+19 923+1.38 0.59 56 .02 (.00, .10)
02 < 95% 8.2+16.0 11.2+16.5 18.3+245 1.73 .19 .05 (.00, .16)
%TST

Note. Means in the same row that do not share subscripts differ at p < .05 in the Tukey significant
difference comparison. TST = total sleep time; WASO = wake after sleep onset; O2 = oxygen saturation;
T1 = first trimester of pregnancy; T3 = third trimester of pregnancy.

"df = 2,67. *95% confidence intervals given in parentheses (upper, lower). Svalues given as Mdn (IQR) as
variable was transformed.

**p<.0l,*p<.05

153



Chapter 5 — Memory Retention and Sleep during Pregnancy
significantly more TST in sleep cycles than pregnant women. Measures of overnight
arterial oxygen saturation did not differ across the groups.

Attention. The average number of omission and commission errors made by each
group did not differ on any quarter of the attention test, as for the total omission errors
(control: M = 0.8, SD = 25; T1: M =04, D =0.8; T3: M = 0.5, D = 0.7) and
commission errors (control: M =85, SD=6.2; T.I: M=9.9, D =8.0; T3: M =117, D
= 8.7), Wilks= .93, F(4,130) = 1.15, p = .34. As shown in Figure 1, there was no
interaction effect between the three groups and test quarter on the TOVA for response
time, Wilks= .98, F(6,128) = 0.21, p = .97, and response time variability, Wilks= .93,
F(6,128) = 0.80, p = .57. A non-significant between-subjects effect indicates that the
groups did not differ overall on response time, F(2,66)= 0.98, p = .31, or response time

variability, F(2,66)=1.36, p = .26.

400 A
380 ~
360
»n 340 -
2
8 —o— Control RT
o 320 1 —v— TLRT
= —— T3RT
= 300 —O— Control RTV
100 —— T1RTV
—{+ T3RTV
80 - =
40 T T T T
Quarter 1 Quarter 2 Quarter 3 Quarter 4

Figure 1. Mean response time (RT) and mean response time variability (RTV) for the
control (n = 24), T1 (n = 19), and T3 (n = 26) groups for each quarter of the Test of
Variables of Attention (TOVA). The groups performed equivalently on each quarter of
the test. Vertical lines depict standard errors of the mean. T1 = first trimester of
pregnancy, T3 = third trimester of pregnancy.
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Progesterone. Progesterone level was significantly higher in the third-trimester
pregnant group (Mdn = 413nmol/L, IQR = 311.5-509.3) when compared to the first-
trimester pregnant group (68.5, 58.6-82.3), which was significantly higher than that in the
control group (4.2, 2.6-7.9; F(2,65) = 392.38, p < .001, n* = 0.92).
Mood state. The average DASS21 scores are shown in Table 5. Mood did not

differ across the groups, Wilks = .87, F(6,128) = 1.52, p= .18, n*= .07, (C1 .00 to .12.).

Table 5
Median Scores on the DASS?1 for Each Group and Level of Sgnificance and Effect Szes

for Between-Group Comparisons

Control T1 T3 F' P n°
Depression 2 (0-4) 2 (2-5.5) 2 (0-4) 43 .65 01
Anxiety 1 (0-4) 2 (0-4) 4 (0-6) 1.72 19 .05
Stress * 9.6+5.9 8.4+79 8.3+6.3 26 77 .01

Note. Interquartile range (IQR) in parentheses. DASS21 = Depression Anxiety Stress Scale — short
version; T1 = first trimester of pregnancy; T3 = third trimester of pregnancy. Normal range — Depression =
0-9, Anxiety = 0-7, Stress = 0-14.

Tdf = 2,67. * values givenas M + D.

Why isVerbal Episodic Memory Retention Reduced during Pregnancy?

To investigate potential contributors to reduced Logical Memory retention in the
first trimester of pregnancy and reduced RAVLT retention in the third trimester of
pregnancy, the correlation matrix for memory retention, sleep parameters, attention, mood
state and progesterone for all participants is shown in Table 6. As progesterone is
strongly linked to the progression of pregnancy, it could not be used in further covariate

analyses so its influence on memory retention needs to be investigated separately for each

group.
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Table 6

Intercorrelations between Logical Memory Retention, RAVLT Retention, Seep Parameters, Attention, Mood Sate and Progesterone

1 2 3 4 5 6 7 8 9 10 11 127 137 14
1. LM 50** A1 14 -15 24* 18 -10 .09 14 A1 -.08 -10 -.06
2. RAVLT .03 .09 -10 221 15 .04 19 -12 -.07 -.003 -.08 15
3. S1 (min) 16 -53%* .07 .09 -12 -01 -.06 -.07 -.07 -27* -12
4. S2 (min) -50%*  20* A4** -.08 237 .02 -.25% -.07 -27* -22
5. SWS (min) .001 -01 27* 13 -13 A1 -.07 10 .02
6. REM (min) A8** 16 49** -13 -.08 -12 -.20 -15
7. Cycle (n.) -31**  5G** .09 .02 -10  -32%* 28
8. Cycle (min) S57** -.16 .01 -14 -13 16
9. TCT/TST .05 A1 -25%  -35%* .05
10. RT 65** -10 -.05 -.05
11. RTV -.09 -.06 .02
12. Dep’ AF* 9w
13. Anx' A48**
14. Stress
M 76.5 79.3 31.1 165.7  141.9 66.9 4.2 75.7 74.5 328.8 76.7 2 2 8.8
SD 16.2 17.1 14.7 38.3 49.4 18.9 1.3 21.1 19.2 41.3 18.2 0-4 0-4 6.6

Note. N=70. LM = Logical Memory; RAVLT = Rey Auditory-Verbal Learning Test; S1 = Stage 1; S2 = Stage 2; SWS = slow wave sleep; REM = rapid eye movement;

TCT =total cycle time; TST = total sleep time; RT = response time; RTV = response time variability; Dep = depression; Anx = anxiety.

" Values given as Mdn (IQR) as variable was transformed.

**p<.01, *p<.05 "p<.1.
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Chapter 5 — Memory Retention and Sleep during Pregnancy

Within the control group, progesterone was not associated with Logical Memory
or RAVLT retention. After combining the first- and third-trimester pregnant groups,
progesterone did not significantly explain any additional variance in Logical Memory
retention, F(1,42) = 0.52, p = .48, or RAVLT retention, F(1,42) = 2.09, p = .16, over and
above that explained by number of weeks gestation.

L ogical memory retention. As shown in Table 6, Logical Memory retention was
significantly but weakly associated with higher levels of REM sleep. Logical Memory
retention was not related to any other measure of sleep, attention or mood. Correlation
matrices for each individual group revealed no other significant correlations.

To determine whether REM sleep impacts on the relationship between pregnancy
and Logical Memory retention, a one-way between-groups ANCOVA was performed.
After adjustment by minutes in REM sleep, Logical Memory retention still differed
significantly across pregnancy groups, as summarised in Table 7, with F(2, 66) = 6.07, p
= .004, partial n* = .16, (CI .02 - .30). The adjusted marginal means displayed in Table 8
show that the first-trimester group scored significantly less on Logical Memory retention
as compared to the control group. There was no relationship between the number of
minutes spent in REM sleep and Logical Memory Retention score, F (1, 66) = 2.51, p =
12, n* = .04, (CI .00 - .16). The results of this ANCOVA indicate that time spent in
REM sleep is not contributing to reduced Logical Memory retention in the first trimester

of pregnancy.
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Table 7

Analysis of Covariance of Logical Memory Retention and RAVLT Retention

Source of Variance Adjusted SS Df MS F

Logical Memory Retention

Pregnant Group 2648.44 2 1324.22 6.07**
Covariate

REM (min) 547.58 1 547.58 251
Error 14394.66 66 218.10

RAVLT Retention

Pregnant Group 2247.98 2 1123.99 4.36*
Covariate

REM (min) 255.12 1 255.12 .99
Error 17025.70 66 257.97

**p<.01, *p<.05

RAVLT retention. As presented in Table 6, the correlation between RAVLT
retention and REM sleep demonstrated a strong trend (p = .06), with better retention on
the RAVLT weakly related to higher levels of REM sleep. RAVLT retention is not
correlated with any other sleep measures, attention variables or mood state, and
correlation matrices for each pregnant group revealed no other significant correlations.

To determine whether REM sleep has an impact on the relationship between
pregnancy and RAVLT retention, a one-way between-groups analysis of covariance was
performed. After adjustment for minutes in REM sleep, RAVLT retention still differed
significantly across pregnancy groups, as summarised in Table 7, with F (2, 66) = 4.36, p
= .02, partial n? = .12, (CI .00 - .25). The adjusted marginal means displayed in Table 8

show that the third-trimester group scored significantly less on RAVLT retention as
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compared to the control group. There was no relationship between the number of minutes
spent in REM sleep and RAVLT retention score, F (1, 66) = 0.99, p = .32, partial n* =
.02, (C1 .00 - .11). These results only differ slightly to the one-way ANOVA result for
RAVLT retention (see Table 3), indicating that controlling for REM sleep only

marginally improved the mean scores for RAVLT retention.

Table 8
Adjusted and Unadjusted Mean Logical Memory Retention and RAVLT Retention

Scores for Each Pregnancy Group

Pregnancy Group Adjusted Mean Unadjusted Mean

Logical Memory Retention

Control 81.1 824
T1 66.7 66.2
T3 79.9 79.1

RAVLT Retention

Control 86.8 87.7
T1 78.8 78.4
T3 72.8 72.3

Note. T1 = first trimester of pregnancy; T3 = third trimester of pregnancy.

Relationship between Memory and Sleep

In order to test the dual-process and double-step hypotheses of memory
consolidation during sleep, a correlation matrix was produced and is presented in Table 9.
As shown, Logical Memory retention and RAVLT retention were only correlated with

minutes of REM sleep, and these relationships were weak. Verbal Paired Associates
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Table 9

Inter correlations between Memory Retention Scores and Seep Parameters

1 47 9 10 11 12 13 14 15 16 17 18 19 20
1.LM -.07 -11 .03 A1 14 -.15 24* .10 -.03 .19 .18 -.10 .09
2. VPA -.06 12 .04 230 13 -32%* 200 -.07 .03 .05 .10 .15 .29*
3. Faces .09 -.05 A3 -.09 .08 .02 .05 .07 .03 -.07 .04 -17 -13
4. Fam Pic' -.003 -.06 -14 -.07 210 -.09 .09 .02 -.05 -.20n -.04 -27*
5. RAVLT .18 .04 .03 .09 -.10 .22n .07 -.10 .08 15 .04 19
6. Maze .16 .01 -.02 -.25* .09 -.20 -.19 .18 -.07 -.28* -.07 19
7. MSL seq -.08 -17 -.01 -.16 .09 .06 -.02 .04 .02 .06 -.05 .05
8. MSL error -.003 -.05 .02 .30* -.08 -.08 13 -.01 -.06 .05 -.16 -13
9. MT time .26" .05 .10 -.10 -.06 -.03 .05 -.02 -11 .04 -.08
10. MT error .10 .01 -.06 13 .04 -.09 .03 -.03 .07 .03
11. S1 (min) .16 -.53** .07 -.05 .03 .39%* .09 -12 -.01
12. S2 (min) -50%*  20* A3F* L 34**% .08 A4+ -.08 237
13. SWS (min) .001 A45** - 34%* -.19 -.01 27* A3
14. REM (min) 2% -49**  -19 A8** .16 A9**
15. TST (min) - TT** -17 .55** 23" .50**
16. WASO 33*F L 42%% _32%% 5O
17. Awakening .03 -.22n -11
18. Cycle (n.) -31*%*  55**
19. Cycle (min) 57>
20. TCT/TST
M 76.5 95.8 100 -1.6 -3.9 31.2 165.7 141.9 66.9 406.1 46.1 16.8 42 75.7 74.5
SD 16.2 11.3 96.8- 5.8 4.2 147 383 49.4 18.9 49.1 327 5.6 13 211 19.2

101.6

Note. N=70. LM = Logical Memory; VPA = Verbal Paired Associates; Fam Pic = Family Pictures; RAVLT = Rey Auditory-Verbal Learning Test; MSL = Motor Sequence Learning; MT =
Mirror-Tracing; S1 = Stage 1; S2 = Stage 2; SWS = slow wave sleep; REM = rapid eye movement; TST = total sleep time; WASO = wake after sleep onset; TCT = total cycle time.

"Values given as Mdn (IQR) as variable was transformed.

**p<.01, *p<.05"p<.1
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Chapter 5 — Memory Retention and Sleep during Pregnancy
retention was significantly negatively correlated with minutes in SWS, and had positive
but weak relationships with REM and Stage 1 sleep (p = .09 and p = .06 respectively).
Family Pictures retention showed a tendency towards a positive association with SWS (p
= .08). However due to the limited variability in Verbal Paired Associates and Family
Pictures retention scores, these correlations are misleading and do not accurately reflect
any relationship. Increased Stage 2 sleep was significantly but weakly associated with
improvement on errors made after the retention interval on the Austin Maze, but a higher
number of errors on the Motor Sequence Learning task. Faces retention, Motor Sequence
Learning number of sequences, and Mirror-Tracing time and number of errors was not
correlated with any measure of sleep.

In terms of sleep cycles, spending a higher proportion of TST within sleep cycles
was significantly related to higher scores on Verbal Paired Associates and Family
Pictures retention; but again these associations are misleading. A greater number of sleep
cycles was weakly associated with an improved error rate on the Austin Maze after the
retention interval. Retention scores on Logical Memory, Faces, RAVLT, Motor
Sequence Learning and Mirror-Tracing were unrelated to sleep cycle architecture.

In sum, the dual-process hypothesis was not supported, as REM sleep was not
related to any measures of procedural memory retention and SWS was not reliably
associated with any episodic memory retention measures. In terms of the double-step
hypothesis, no strong associations between sleep cycle architecture and memory retention
were found.

Discussion

The results support the initial hypothesis of memory difficulties during pregnancy,
with the pregnant women performing more poorly on tasks of verbal episodic memory
retention but not on tasks of visual episodic or procedural memory retention. In
particular, the first-trimester pregnant women retained less information from the
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Chapter 5 — Memory Retention and Sleep during Pregnancy
paragraph recall task, whereas the third-trimester women retained less information from
the word-list task, as compared to nonpregnant women. The magnitude of the effect sizes
for these differences in performance was large.

In order to explain reduced verbal memory retention during pregnancy, a number
of factors were measured. Attention, mood, and nocturnal arterial oxygen saturation did
not differ across the three groups, and none of these were associated with verbal memory
retention. Although progesterone level varied greatly across the groups, this hormone
was also unable to explain any variance in memory retention.

Our key hypothesis was that sleep disruption during pregnancy would be a factor
in reduced memory retention. Pregnant women, particularly those in the third trimester,
had more disrupted sleep compared to nonpregnant women. Specifically, they spent less
time asleep and had more cortical arousals during sleep. They also spent less time in
SWS and REM sleep. Women in the first trimester of pregnancy spent more time awake
during the night compared to nonpregnant women, and both pregnant groups spent less of
their TST within sleep cycles, indicating more fragmented sleep. The amount of
information retained on the paragraph recall task and the word-list task was significantly
but weakly related to time spent in REM sleep only. However, further analyses indicated
that contrary to expectation, the reduced amount of REM sleep in both pregnant groups
did not account for differences in verbal episodic memory retention.

In contrast to the dual-process hypothesis, the amount of REM sleep overnight
was not related to any measure of procedural memory retention and the amount of SWS
overnight was not reliably associated with any episodic memory retention measure.
Similarly, no strong associations between sleep cycle architecture and memory retention
were found on any task, giving no support to the double-step hypothesis of memory

consolidation during sleep.
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Our results contrast the previous experimental studies which have noted that
explicit memory is enhanced after early sleep periods dominated by SWS (Barrett &
Ekstrand, 1972; Drosopoulos, Wagner, & Born, 2005; Fowler, Sullivan, & Ekstrand,
1973; Plihal & Born, 1997, 1999; Plihal, Pietrowsky, & Born, 1999; Yaroush, Sullivan, &
Ekstrand, 1971), or those showing that implicit memory benefits from sleep with high
amounts of REM sleep in the later part of the night (Plihal & Born, 1997, 1999; Plihal, et
al., 1999). Additionally, our results do not support studies showing that both episodic and
implicit memory are related to sleep architecture, or the structure of sleep cycles during
the night (Ficca, et al., 2000; Gais, Plihal, Wagner, & Born, 2000; Mazzoni, et al., 1999;
Stickgold, Whidbee, Schirmer, Patel, & Hobson, 2000).

For the motor sequence learning task, the degree of improvement over the sleep
interval for the first-trimester pregnant and nonpregnant groups was comparable to
previous studies showing overnight improvements in speed of between 17-20%
(Kuriyama, Stickgold, & Walker, 2004; Walker, et al., 2002; Walker, et al., 2003). The
third-trimester pregnant group showed a lesser improvement of 13.2%. Unlike other
studies (Fischer, Hallschmid, Elsner, & Born, 2002; Walker, et al., 2002) however, we
were unable to attribute overnight improvement in speed to either Stage 2 sleep or REM
sleep.  Our inability to attribute any parameter of sleep to improvements in motor-skill
speed may lend support to Rickard and colleagues (Rickard, Cai, Rieth, Jones, & Ard,
2008) who concluded that sleep does not uniquely enhance procedural memory
performance, and improvements may be due to other factors such as a build-up of fatigue
over the course of training which dissipates between sessions.

One possible reason for the discrepancy between our results and the majority
finding a relationship between sleep and memory consolidation could be a key difference
in experimental design. Most methodologies include manipulation of sleeping conditions
in order to test hypotheses, whereas our study compared a group of “normal” sleepers
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against those who were expected to have disrupted sleep. For example, by dividing the
retention interval into either early night sleep or late night sleep, Plihal and Born (1997)
found that time spent in SWS was five times longer during the early than late sleep
retention interval, and time in REM sleep was twice as long during late than early sleep.
In comparison, the third-trimester pregnant women in our study had 34 minutes less SWS
and 13 minutes less REM sleep on average than the nonpregnant women. It may be that
sleep stage architecture needs to be significantly altered before memory consolidation is
affected. In a similar vein are the findings that even short sleep periods may be sufficient
to promote memory consolidation. For example, declarative and procedural memory
performance has been shown to benefit from half a night of sleep (Tucker & Fishbein,
2009), and declarative memory retention has been shown to improve after hour-long
napping (Tucker, et al., 2006) and even with short six minute naps, suggesting that the
mere onset of sleep may initiate the active processes of memory consolidation (Lahl,
Wispel, Willigens, & Pietrowsky, 2008).

Side effects of sleep deprivation can include emotional and attentional disorders,
reduced motivation and disturbances in biological rhythms; these disturbances may affect
behavioural performance (Rauchs, Desgranges, Foret, & Eustache, 2005). Our study
attempted to control for as many contributing factors as possible. Measures of mood,
attention and progesterone were all taken, and none of these were related to memory
retention. It has also been argued that women may subconsciously perform more poorly
on testing due to cultural expectations of cognitive decline during pregnancy (Crawley,
Grant, & Hinshaw, 2008). Incorporating well-validated tests of effort into our
methodology revealed that all pregnant participants were giving sufficient effort towards
testing, and therefore reduced motivation was unlikely to be a factor.

Progesterone is one of the most active hormones during pregnancy, but oestradiol,
testosterone, oxytocins and cortisol also change dramatically (Buckwalter, et al., 1999).
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Kinsley et al. (2006) showed that progesterone and oestradiol are capable of altering the
concentration of dendritic spines in the CAL region of the female rat hippocampus; a key
area involved in memory consolidation. In nonpregnant studies, fluctuations in
circulating endogenous or exogenous oestrogens have been associated with cognitive
changes (Kampen & Sherwin, 1994; Lokken & Ferraro, 2006; Sherwin, 1994). Although
our single measure of progesterone did not relate to reduced memory performance, it may
be that a more complex interplay of a combination of pregnancy hormones is involved.

One of the key arguments of opponents to the theory of memory consolidation
during sleep is that sleep deprivation techniques (particularly in animal studies) produce
several secondary effects that are very stressful, and that this stress largely accounts for
learning impairments (Vertes, 2004; Vertes & Eastman, 2000). The problem however, is
how exactly do we measure stress in humans? Stress is multi-factorial, and may manifest
itself in a physical, emotional or mental change that alters the body’s normal state of
functioning. Whilst this study aimed to control for as many influences as possible, there
is the possibility that some other unmeasured stress-related factors are involved in the
reduced memory retention scores of the pregnant women.

A major problem facing this area of research is that the terms sleep, memory and
consolidation all refer to complex phenomena, none of which can be treated as a singular
event (Stickgold, 2005). For example, this study focused on the classification of sleep
into stages and cycles. However, others have investigated more fine-grained parameters
of sleep in an attempt to relate sleep to memory consolidation. The intensity of REM
sleep in terms of number and density of rapid eye movements has been shown to increase
during the night rather than actual time spent in REM sleep, following procedural task
acquisition (C. T. Smith, Nixon, & Nader, 2004). Verbal memory retention and
procedural learning have each been related to the number of sleep spindles overnight, but
not the amount of time spent in any sleep stage (Clemens, Fabo, & Halasz, 2005; Fogel &
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Smith, 2006; Gais, Molle, Helms, & Born, 2002; Morin, et al., 2008; Schabus, et al.,
2008). Investigation of EEG spectral power has suggested that REM sleep theta activity
is involved in declarative memory consolidation (Fogel, Smith, & Cote, 2007). This vast
range of findings suggests that brain plasticity during sleep may not involve a unitary
process.
Limitations

While our study did not support the memory consolidation during sleep
hypothesis, we used only one of many experimental approaches commonly used to test
this hypotheses (Peigneux, Laureys, Delbeuck, & Maquet, 2001; C. Smith, 2001). Our
methodology of measuring only one night of sleep did not allow us to record changes in
sleep parameters compared to baseline following memory training, similarly we were
unable to tell how the night of sleep prior to testing impacted on the initial encoding
process in the memory testing session.

The pregnant women in this study slept less and had poorer sleep quality than the
nonpregnant women, but they would not be classified as ‘sleep deprived’ in the usual
experimental sense. Given the relatively small differences in sleep parameters across
pregnancy groups compared to traditional sleep deprivation studies, we would only
expect to find small effects on measures of memory consolidation. It may be that a much
larger sample size with more power was required to identify any relationship between
sleep and memory consolidation, however the sample size of our study was large enough
to have an 80% chance of finding correlations as small as r = .35 at a significance level of
.05. Unfortunately recruitment difficulties due to the requirement of having an overnight
sleep study during pregnancy prevented us from increasing the study’s power any further.

Alternatively, although many studies have found positive results using partial or

full deprivation of REM or NREM sleep, this type of sleep manipulation may not be so
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applicable to the real world. Investigation of a phenomenon such as sleep and memory
problems during pregnancy may be more practical and relevant to the general population.

An unanticipated limitation of this study relates to the memory tasks used. The
main neuropsychological test used to measure episodic memory retention was the WMS-
11, which is widely known and commonly used for both research and clinical
populations.  On average the participants in this study were of ‘above average’
intelligence, however on three out of four of the WMS-III core subtests they averaged
close to or above 100% retention, even after a delay period of approximately nine hours
(well exceeding the recommended 30 minute delay for clinical purposes). Since this
study was conducted, the 4™ edition of the WMS had been released (Wechsler, 2009),
which has eliminated both the Faces and Family Pictures subtests in favour of more
visually oriented tasks, with an increased focus on visual working memory. These tasks
may represent visual memory ability more purely as they allow less opportunity to apply
verbal descriptions to the visual stimuli in order to aid recall.

Conclusions

The current study has demonstrated that pregnancy is associated with reduced
verbal episodic memory retention as compared to nonpregnant women, with visual and
procedural memory remaining unaffected. Pregnant women also demonstrated significant
disruption of sleep patterns, with less total sleep time, more awakenings, less deep sleep
and less REM sleep. In contrast to popular theories of memory consolidation during
sleep, reduced memory retention and sleep disruption were not related in our sample.
Furthermore, overnight memory retention was unrelated to attention, mood, hormone
level, or nocturnal arterial oxygen saturation.

Although our results do not support the hypotheses of memory consolidation
during sleep, it is possible that pregnant women in this study had a sufficient amount of
sleep to support interactions between the hippocampus and neocortex to strengthen
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representations during sleep, and that some other unmeasured factor resulted in reduced
memory performance. Memory function during pregnancy still remains a controversial
topic, as do the reasons behind any observed changes. As discussed, any involvement
sleep has on memory consolidation is likely to be complex and multi-factorial and future

research in this area is still required.
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The aim of this thesis was to relate the theory of memory consolidation during
sleep to the pregnant population, in order to establish whether memory problems during
pregnancy could be at all attributable to the commonly reported symptom of sleep
disturbance. This thesis was submitted following an approved alternative format as a
series of published or submitted manuscripts, and therefore each empirical chapter
contains its own detailed discussion. The following section provides a summary of the
major findings of this thesis and the implications of these, followed by limitations of the
current study and directions for future research.

Summary of Research Findings

Given the frequency of reported memory problems observed during pregnancy but
the discrepant literature regarding objective testing, the purpose of Chapter 2 was to
attempt to confirm previous research findings regarding deficits in memory function
during pregnancy, by investigating both episodic and procedural memory performance
during early and late pregnancy.

The key finding of Chapter 2 was that women in the first and third trimester of
pregnancy performed significantly worse on verbal episodic memory tasks comprising of
paragraph recall, word list recall and verbal recognition when compared to a nonpregnant
control group. The magnitude of the effect sizes was all moderate to large. Performance
on the verbal memory tasks did not differ as a function of pregnancy trimester, and
overall memory performance was not affected by whether the pregnancy was the
woman’s first or subsequent pregnancy. Another key finding was that pregnant women
did not show any deficits on any of the visual episodic or procedural memory tasks. In
terms of subjective reports, pregnant women were more likely than nonpregnant women
to notice a change in their memory quality. This difference however appeared due to
pregnant women over-rating their memory abilities prior to pregnancy rather than
underrating their current memory.
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In an attempt to explain any observable memory differences across pregnancy,
objective measures of progesterone, attention, and mood were taken. Pregnant women in
this study did not show attention deficits or disturbed mood state, and neither of these
variables was related to memory performance. Higher progesterone level in the pregnant
women was related to poorer performance on immediate paragraph and word list recall,
however less than 20% of the variance in these tasks was explained by this hormone.

In line with theories of memory consolidation during sleep (Maquet, 2001;
McNaughton, et al., 2003; Stickgold, Hobson, Fosse, & Fosse, 2001), a key hypothesis of
this thesis was that disturbed sleep may impact on the pregnant woman’s ability to store
new memories. The main purpose of Chapter 3 was to investigate both objective and
subjective changes in sleep patterns associated with pregnancy.

The main findings of Chapter 3 were that sleep in the third trimester of pregnancy
was characterised by decreased sleep efficiency, increased wake after sleep onset and
increased cortical arousals. There was a trade off between lesser amounts of deep sleep
for higher amounts of the lighter Stage 1 sleep, and less time was spent in rapid eye
movement (REM) sleep as compared to nonpregnant women. Women in the first
trimester of pregnancy also had disrupted sleep but to a lesser degree, with more time
spent awake after sleep onset and a lesser proportion of Stage 4 sleep when compared to
nonpregnant women. Sleep efficiency and time in REM sleep showed a trend towards the
pattern seen in the third trimester of pregnancy.

Cortical arousals from sleep during pregnancy have not previously been reported.
In this study, it was found that women in the third trimester of pregnancy experienced
more cortical arousals than first-trimester and nonpregnant women, regardless of whether
they were spontaneous or a consequence of limb movements or respiratory events.

Subjective changes in sleep such as night awakenings and difficulty returning to
sleep after waking were frequently reported by the pregnant women, mostly due to
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discomfort, bodily aches and increased frequency of urination. A further indicator of
compromised sleeping comfort was that third-trimester pregnant women spent
significantly less of their sleep time lying on their back.

As with changes in memory performance, this study attempted to measure
potential pregnancy-related factors that could explain changes in sleep patterns. Contrary
to suggestions that progesterone has sedating properties (Herrmann & Beach, 1978;
Sdderpalm, Lindsey, Purdy, Hauger, & de Wit, 2004), higher progesterone in the third
trimester of pregnancy was actually associated with increased awakenings and more time
awake during the night. Current level of depression, anxiety and stress symptoms did not
differ across the pregnancy groups, and therefore changes in sleep patterns were not the
result of mood state.

In the course of investigating sleep patterns during pregnancy, another
unanticipated phenomenon became apparent. Changes in respiratory physiology occur
during pregnancy (Edwards, Middleton, Blyton, & Sullivan, 2002), and examination of
the raw sleep study data suggested that respiration changes may extend into sleep. Also,
restless legs syndrome (RLS) is a common movement disorder experienced during
pregnancy (Manconi, Govoni, De Vito, Economou, Cesnik, Casetta, et al., 2004; Tung,
Karadag, Dogulu, & Inan, 2007), which can often be related to periodic limb movements
of sleep (PLMS). However, very few studies have reported on PLMS during pregnancy.
Further investigation of sleep-disordered breathing (SDB) and PLMS during normal
pregnancy was the aim of Chapter 4.

Analysis of SDB showed that 31% of the third-trimester pregnant sample scored
an overall Apnoea/Hypopnoea Index (AHI/hr) of greater than 5, compared with 24% of
the first-trimester pregnant women and only 4% of the nonpregnant women. Although
median AHI/hr values did not differ significantly between the pregnant and nonpregnant
groups, there was a much wider variation in scores amongst the pregnant women.
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Snoring was also significantly more prevalent amongst the third-trimester pregnant
women when compared to the nonpregnant women, with women in the first trimester also
snoring more frequently than the controls. Although snoring, snorting and gasping was
more commonly reported by the pregnant women, comparison to objective snoring
measures revealed that some pregnant women still under-report their snoring habits.

In terms of leg movements, women in the third trimester of pregnancy featured
higher rates of PLMS, with almost a third of these women obtaining a PLMS index of
greater than 5 per hour, which is considered pathological (Montplaisir, Nicolas, Godbout,
& Walters, 2000). In comparison, only 4% of the nonpregnant women had a similar
PLMS frequency.

Chapters 2 and 3 revealed that verbal memory is reduced during pregnancy, and
that sleep during pregnancy is compromised. The purpose of Chapter 5 was to see
whether any interpretation of the memory consolidation during sleep hypothesis could be
applied to explain the occurrence of memory problems during pregnancy.

Firstly, pregnant women were shown to have poorer memory retention overnight
for tasks of verbal episodic memory, but not visual episodic or procedural memory.
Interestingly, the first-trimester pregnant women retained less information from the
paragraph recall task, whereas the third-trimester pregnant women retained less
information from the word list task, as compared to nonpregnant women. Similarly to
Chapter 2, reduced verbal memory retention during pregnancy was not related to
measures of attention, mood, progesterone level or nocturnal arterial oxygen saturation.

Although pregnant women, particularly those in the third trimester, had more
disrupted sleep as compared to nonpregnant women, correlational analyses revealed that
reduced verbal episodic memory retention was weakly but significantly related to time

spent in REM sleep only. However, covariate analyses found that the reduced amount of
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time spent in REM sleep for both pregnant groups could not account for the differences in
verbal memory retention.

Within the sample as a whole, no significant relationships were found between
any type of memory retention and parameter of sleep. Contrary to the dual-process
hypothesis, the amount of REM sleep overnight was not related to any procedural
memory measure, and the amount of SWS overnight was not reliably associated with any
measure of episodic memory retention. No strong associations between sleep cycle
architecture and memory retention were found, providing no support for the double-step
hypothesis of memory consolidation during sleep.

I mplications of the Studies

Firstly, the findings from Chapter 2 indicate that reduced verbal episodic memory
retention is a feature of pregnancy. A closer examination of the patterns of recall and
recognition on the memory tasks suggested that reduced verbal memory performance in
pregnancy appeared to be due to reduced immediate memory span, retrieval problems and
a disorganised encoding style. However, pregnant women displayed normal rates of
learning over trials. Importantly, there were areas of memory consolidation that remained
unaffected in pregnancy, namely visual episodic memory and procedural memory. Also,
considering the length of the testing session and the number of different tasks completed,
the pregnant women performed especially well and did not display signs of attentional
fatigue compared to the nonpregnant women as measured by the sustained attention task.

Although only one area of memory weakness was found, subjective reports
indicated that 72% of our sample had noticed a change in their ability to recall or
remember things since becoming pregnant. It was considered that pregnant women may
be more inclined to notice or even over-interpret everyday cognitive slips and attribute
them to pregnancy, but it is possible that these women are reporting actual phenomenon.
Even minor memory difficulties or the perception of these may have implications for
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tasks of everyday living for pregnant women. Pregnant women lacking confidence in
their memory abilities may benefit from compensatory techniques such as making lists,
using a diary or devising a reminder system. Given that differences in verbal memory
were mostly due to a reduced immediate memory span, pregnant women may want to
avoid overwhelming themselves with too much information at one time, and may benefit
from repetition. Findings of unimpaired visual episodic and procedural memory should
be encouraging for pregnant women. As she approaches motherhood, the pregnant
woman has many new skills to learn, so the ability to improve learning with repetition
and to master ‘how to’ tasks is important.

Apart from ruling out associations with mood and attention, the study design did
not allow for attribution of causality for reduced verbal memory. However, the discrepant
findings between verbal and visual/procedural performance suggests that as different
kinds of memory are thought to have different functional and neuroanatomical systems
(Smith, 2001), some neurotransmitter or hormone is acting differently on those areas
involved in verbal memory, such as the left hippocampus and nearby cortical areas, as
compared to the brain regions thought to be involved in visual and procedural memory,
such as the right hippocampus and temporal lobe, and the neostriatum respectively
(Knowlton, Mangels, & Squire, 1996).

In this study, progesterone was found to account for approximately 20% of the
variance in two measures of verbal memory. Hormones markedly affect neuronal
structure and function in a variety of ways (Kinsley, et al., 2006), and pregnancy is
characterised by a significantly longer duration of substantially elevated hormones.
Kinsley et al. (2006) demonstrated that the pregnancy hormones oestradiol and
progesterone stimulate the proliferation of dendritic spines in the CAL region of the
female rat hippocampus. Dendritic spines are believed to be important sites for
enhancement of synaptic efficacy and networks involved in learning and neural plasticity
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(Leuner & Shors, 2004). Given the role of the hippocampus in learning and memory,
Kinsley et al.’s data suggest a mechanism for enhancements in the necessary behaviours
characteristic of the maternal female. Although an association between progesterone and
verbal memory was found, the results actually contradict Kinsley et al. in that increased
progesterone level was related to a decrease in memory performance in our human
sample.

The findings from Chapter 3 showed that pregnancy is associated with disruption
of sleep. The high frequency of cortical arousals found in the pregnant group has not
been previously reported. Firstly, these cortical arousals may give some insight into why
pregnant women are waking more often during sleep. Women in the third trimester of
pregnancy experienced more cortical arousals, including those as a consequence of limb
movements or respiratory events, as compared to first-trimester and nonpregnant women.
The occurrence of limb movements and respiratory events in sleep during pregnancy then
became the focus of Chapter 4. Secondly, frequent cortical arousal often results in
disrupted or fragmented sleep with reduced restorative power (Bonnet, 2000); this was
evidenced by the increased amount of Stage 1 sleep in the third-trimester pregnant group.
Sleep fragmentation has often been associated with negative consequences, such as
increased objective and subjective sleepiness, decreased psychomotor performance and
negative mood changes (Bonnet & Arand, 2003). Arousal from sleep has also been
significantly correlated with objective measures of daytime alertness (Carskadon, Brown,
& Dement, 1982; Martin, Engleman, Kingshott, & Douglas, 1997) and increases in blood
pressure (Davies, Belt, Roberts, Ali, & Stradling, 1993; Morrell, et al., 2000).

Although the consequences of sleep deprivation are widely recognised, the sleep
characteristics of the pregnant women in our sample more resembled what could be
termed sleep restriction, in that many women in the study slept for less than six hours in
total. Sleep restriction has the potential to become chronic over the many months of
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pregnancy, and can result in a range of neurobehavioural deficits including lapses of
attention, slowed working memory, reduced cognitive throughput, depressed mood, and
perseveration of thought (Banks & Dinges, 2007). Short-term sleep restriction has also
been shown to result in a number of abnormal physiologic changes, including reduced
glucose tolerance (Spiegel, Leproult, & Van Cauter, 1999), increased blood pressure
(Tochikubo, Ikeda, Miyajima, & Ishii, 1996) and increased inflammatory markers (Meier-
Ewert, et al., 2004). People frequently underestimate the cognitive impact of sleep
restriction and overestimate their performance readiness when sleep restricted (Van
Dongen, Maislin, Mullington, & Dinges, 2003), which may have potentially dangerous
implications for activities of daily living, such as driving.  Furthermore, an
epidemiological study found an increased incidence of sleep-related crashes in drivers
reporting less than seven hours of sleep per night on average (Stutts, Wilkins, Scott
Osberg, & Vaughn, 2003).

The effects of sleep restriction specific to the pregnant population have been
considered. 'Women who slept less than 6 hours a night during the last month of
pregnancy had longer labours and were 4.5 times more likely to have a caesarean delivery
(Lee & Gay, 2004). In a study of sleep obtained in the five days preceding childbirth,
Beebe and Lee (2007) found a significant relationship between the amount of sleep on the
night before hospitalisation and pain perception in women with spontaneous labour. Self-
report findings suggest that sleep quality earlier in pregnancy may contribute to the
development of higher levels of depressive symptoms later in pregnancy (Skouteris,
Germano, Wertheim, Paxton, & Milgrom, 2008). Wilkie and Shapiro (1992) showed a
significant correlation between self-reported sleep disruption in the third trimester of
pregnancy and emotional distress in the week after giving birth. A history of sleep
disruption in the latter stages of pregnancy may also have aetiological importance in the
development of postnatal blues. This relationship appears to have a cyclical effect, with
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further research showing that newborns of depressed mothers also have more sleep
disturbances and spend more time fussing and crying (Field, et al., 2007).

Many pregnant women voice concerns about sleeping position. This study found
that although time spent sleeping supinely was reduced, women in the third trimester of
pregnancy still spent close to 20 percent of the night in the supine position. The
underlying rationale on any advice for sleep position is that the uterus may compress the
inferior vena cava and, to a lesser extent, the aorta and cause a decrease in the blood
return to the heart, with a decrease in cardiac output (Farine & Seaward, 2007). Pregnant
women who lie in the supine position may develop syncopal symptoms, however only 4%
of patients in five studies of maternal sleep position had pre-syncopal symptoms related to
aortocaval occlusion secondary to a supine position (Bamber & Dresner, 2003; Chen,
Kuo, Yang, Lo, & Tsai, 1999; Clark, et al., 1991; Ellington, Katz, Watson, & Spielman,
1991; Kauppila, Koskinen, Puolakka, Tuimala, & Kuikka, 1980). Even in this small
minority of symptomatic women, there was no evidence of foetal compromise and
therefore advice often given to pregnant women about sleeping position is said to be
irrelevant. Instead, women should be told that a small minority of pregnant women feel
faint when lying flat; the pregnant women will easily be able to determine this for herself
(Farine & Seaward, 2007).

Following on from Chapter 3, Chapter 4 showed that snoring and PLMS more
commonly occurred in pregnant women when compared to nonpregnant women. The
pregnant women in this study generally did not display discrete obstructive respiratory
events like those more often seen in males with obstructive sleep apnoea (OSA), rather
their pattern of flow limitation and snoring more closely resembled upper airway
resistance syndrome (UARS). Even this lesser degree of SDB has been related to marked
impairment in daytime function (Guilleminault, Stoohs, Clerk, Cetel, & Maistros, 1993),
symptoms of insomnia, fatigue and depressive mood (Guilleminault, et al., 2006), and
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development of hypertension (Guilleminault, Stoohs, Shiomi, Kushida, & Schnittger,
1996) in women. The implications of these studies are that a relatively low AHI/hr value
in the pregnant population should not automatically exclude diagnosis of a significant
sleep-related breathing disorder, and appropriate treatment may need to be considered.

Another key finding from this study was that self-reported snoring and apnoea
symptoms were not always congruent with objective measures, giving support to Olivarez
et al.’s (2010) recent study demonstrating the poor predictive ability of SDB
questionnaires. The implications of these findings are enormous given that the majority
of pregnancy studies rely on self-reported snoring symptoms due to the difficulty in
collecting objective data via polysomnography (PSG). This casts doubt on the validity of
the conclusions made by studies linking self-reported snoring during pregnancy to
negative outcomes such as pregnancy-induced hypertension and pre-eclampsia (Bourjeily,
Raker, Chalhoub, & Miller, 2010; Franklin, et al., 2000; Perez-Chada, et al., 2007).

Significantly more pregnant women in this study had a PLMS index of greater
than 5 per hour, as compared to the nonpregnant women. Intense limb movements during
sleep may cause arousal, thereby producing insomnia or excessive daytime sleepiness.
Mild PLMS can also occur without concomitant nocturnal sleep disruption (Montplaisir,
et al., 2000). W.ithin this study, there were no correlations between PLMS index and
parameters of sleep. In the case that PLMS do impact on either sleep continuity or
daytime functioning (in the way of sleepiness), individuals with PLMS may be diagnosed
with periodic limb movement disorder (Stiasny, Oertel, & Trenkwalder, 2002).
Treatment of periodic leg movements should be considered when they significantly
disrupt sleep, and secondary causes such as other sleep or movement disorders must be
excluded.  Effective medications for PLMS in the nonpregnant state include a
benzodiazepine (clonazepam) and a dopaminergic agent such as L-Dopa or carbidopa
(Santiago, Nolledo, Kinzler, & Santiago, 2001). However, there are no evidence-based
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treatment recommendations for pregnant women with PLMS. Conservative measures to
consider during pregnancy include avoidance of caffeine, correction of electrolyte
abnormalities, and administration of folate supplements if folate deficiency is present
(Golbe, 1994). Pharmacological treatment should be avoided and the woman informed
that RLS and PLMS symptoms usually disappear or become much better after delivery
(Stiasny, et al., 2002).

The purpose of Chapter 5 was to incorporate the results found from the earlier
chapters, to investigate whether sleep disruption during pregnancy could be a factor for
memory difficulties experience as hypothesised by the memory consolidation during
sleep hypothesis. The current study found that reduced episodic memory retention was
weakly related to REM sleep, however differences in REM sleep were not at all
responsible for the memory difficulties observed. In the sample as a whole, episodic and
procedural memory retention was not related to any measure of sleep staging or sleep
disruption. These findings can be interpreted in a number of ways. Firstly, these results
may give support to those contesting a relationship between sleep and memory
consolidation in humans (Siegel, 2001; Vertes, 2004; Vertes & Eastman, 2000). Research
demonstrating offline reactivation of hippocampal memory representations during sleep
has primarily been undertaken on rats using single and multiple unit recordings
(Kudrimoti, Barnes, & McNaughton, 1999; Pavlides & Winson, 1989; Qin, McNaughton,
Skaggs, & Barnes, 1997; Stickgold, et al., 2001; Wilson & McNaughton, 1994). As it is
difficult to reveal signs of a replay of newly acquired memories during sleep in humans
(Gais & Born, 2004), theories of memory consolidation during sleep in humans have been
based upon animal models. Signs of memory consolidation during sleep in humans can
only be investigated with non-invasive techniques such as electroencephalography or
positron emission tomography, to reveal electrophysiological and functional changes.
The outcomes of these research designs, such as the current study design, can only be
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used to infer what may be happening at a neuronal level. In the context of this study, we
would infer that a lack of association between sleep disturbance and memory retention
indicates that during sleep, there is no covert reactivation of neuronal populations in the
hippocampus used for encoding during prior learning, and that memory consolidation
occurs independently of sleep processes.

Alternatively, the memory consolidation during sleep hypothesis may be a valid
one, but we were unable to lend support to this theory due to study design. Traditionally,
studies testing memory consolidation during sleep will have one or more experimental
groups that are either deprived of or restricted to substantially reduced amounts of either
REM sleep or SWS. In contrast, our experimental groups were the first and third
trimester of pregnancy, and although these groups displayed less REM sleep and SWS
when compared to nonpregnant women, the differences were relatively minor in
comparison to deprivation studies. It may be that the amount of sleep the pregnant
women achieved was still sufficient for sleep-dependent memory consolidation to occur,
and that sleep stage architecture needs to be significantly altered before this process is
interrupted.  This interpretation of the findings is also supported by research
demonstrating that even short periods of sleep such as half a night (Tucker & Fishbein,
2009), hour-long napping (Tucker, et al., 2006) and even short six minute naps (Lahl,
Wispel, Willigens, & Pietrowsky, 2008) are adequate to initiate the active processes of
memory consolidation.

Another interpretation of the results is that memory consolidation does occur
during sleep, but as only one aspect of sleep was studied, any relationship was missed.
Sleep is a complex process, and there are several mechanisms that could account for
changes in memory observed across sleep. This study looked at electrophysiological
mechanisms in terms of sleep stages, but neurotransmitter- and neuroendocrine-related
mechanisms are also known to play a part in memory function and exhibit different

190



Chapter 6 — General Discussion
activity between SWS and REM sleep as well as wakefulness (Gais & Born, 2004). It is
possible that multiple different neurophysiological sleep processes are at work during
memory consolidation, and that these processes differ depending on the type of memory
to be consolidated.

Unfortunately, this study was not able to identify sleep disturbance as a cause of
reduced verbal memory retention during pregnancy. However, a number of potential
factors including the effects of progesterone, attention and mood were able to be ruled
out. Only speculation can be made as to what other pregnancy-related changes may be
responsible for this phenomenon, leaving the door open for future research studies in this
area.

Limitations of the Current Thesis

The main limitation of this study was the cross-sectional rather than longitudinal
design, which was ultimately chosen for a number of reasons. Firstly, longitudinal
memory research is very difficult due to the paucity of rigorous memory tests with
multiple equivalent forms (Lezak, Howieson, & Loring, 2004), especially tests that are
suitable for a non-clinical population. Secondly, multiple consecutive nights of PSG or
one night in each pregnancy trimester for each participant to characterise sleep patterns
would have been ideal. However, undertaking multiple sleep studies at appropriate time
points can be a major problem with the study of pregnant women and they are often
unwilling to undergo additional measurements and procedures. The requirement for them
to be away from home and family responsibilities is also undesirable.  Thirdly,
recruitment of pregnant women still in their first trimester proved very difficult, as many
do not attend their first antenatal appointment at the hospital until they are already 12
weeks gestation or more. The difficulty in recruiting pregnant women to this research
was reflected in the low response rate and the high dropout rate due to complications of
pregnancy; had this study been longitudinal in design recruitment would have been yet
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more challenging. Although limited by the sample size, the series of studies was at least
comparable to or larger than many existing PSG studies (Brunner, et al., 1994; Driver &
Shapiro, 1992; Hertz, et al., 1992; Schorr, et al., 1998).

The fact that the study measured sleep in an unfamiliar laboratory setting may be a
criticism of this research, however the sleeping environment was controlled so that the
women were not differentially affected by external stimuli, and this allowed all women to
experience the same minor discomforts that may be associated with the monitoring
equipment. Although the pregnant women had more disrupted sleep, it was actually
found that more pregnant women reported sleeping similarly to normal whilst in the
laboratory, whereas the nonpregnant group tended to report poorer sleep quality than
usual.

Another limitation of the current study relates to potential biases in recruitment.
The nature of this study may have attracted pregnant women who believed that they had a
sleep or memory problem, and they may have been more likely to volunteer. However, in
the course of recruiting, some pregnant women actually declined participation citing poor
sleep as a reason not to spend a night in the sleep laboratory. Another possible
recruitment bias in this study that may feature in many research studies was the tendency
for willing participants to have higher intellectual functioning and more education that the
general population, as shown by our demographic details. It is conceivable that women
who are highly educated and from a higher socio-economic background may be more
inclined to understand the value of research and thus be interested in being involved.

The design of this study may in itself be a limitation. The pregnant women slept
less and had poorer sleep quality than the nonpregnant women, but they would not be
classified as ‘sleep deprived’ in the usual experimental sense. Given the relatively small
differences in sleep parameters across pregnancy groups compared to traditional sleep
deprivation studies, it may have been difficult to find any large effect on measures of
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memory consolidation in any case. On the other hand, a strength of this study was the
application of the memory and sleep hypothesis to a real population rather than to an
artificial situation, and therefore fully depriving participants of certain sleep stages may
not be all that practicable. The sample size in this study was large enough to have an 80%
chance of finding correlations as small as r = .35 at a significance level of .05, however it
may be that a large sample size with more power was still required.

An unforeseen limitation of this study relates to the memory tasks used. To test
verbal and visual episodic memory this study used the Wechsler Memory Scale — Third
Edition (WMS-I1II; Wechsler, 1997), which is a widely known and commonly used
neuropsychological test for both research and clinical population, which has extensive
normative data stratified by age. The Wechsler Abbreviated Scale of Intelligence (WASI,
The Psychological Corporation, 1999) allowed us to determine that our participant group
overall was within the “‘above average’ intelligence range. However, testing revealed that
on three out of the four WMS-III core subtests, participants averaged close to or equal to
100% on memory retention, even after an extended delay period (which well exceeded
the recommended delay time of 30 minutes for clinical purposes). Even considering the
sample demographics, this level of performance on these memory retention tasks was
unexpected. Since this study was conducted, the 4™ edition of the WMS had been
released (Wechsler, 2009), which has eliminated both the problematic Faces and Family
Pictures subtests in favour of more visually oriented tasks, and has an increased focus on
visual working memory. These tasks may represent visual memory ability more purely
than the tasks used in our study, as they allow less opportunity to apply verbal
descriptions to the visual stimuli in order to aid recall.

Directionsfor Future Research

Although memory problems are commonly reported during pregnancy and are

even depicted as comical at times, whether actual measurable changes occur is still an

193



Chapter 6 — General Discussion
area of debate both in scientific circles and in the general media. As memory is not a
unitary process, it has proven difficult for researchers to obtain consistent results. More
research is required to establish a pattern of memory function (or dysfunction) that is
associated with pregnancy, in order to develop ways to overcome their impact on
everyday functioning. This study investigated a wide variety of possible reasons for
memory changes during pregnancy, including sleep, mood, attention, and progesterone,
but was unable to find the answer. Identifying the causes of reduced memory abilities
during pregnancy may help to find ways of preventing memory problems occurring, or to
alleviate their impact.

The presence of sleep disruption during pregnancy has been a fairly consistent
finding. However, the prevalence of sleep-related breathing disorders during pregnancy
remains unknown, as does whether pregnancy only exacerbates existing SDB or whether
it can develop in previously unaffected women. In recent years SDB during pregnancy
has become a new focus area in research (Bourjeily, Ankner, & Mohsenin, 2011,
Edwards & Sullivan, 2008), especially due to the maternal and foetal implications this
condition may have. Studies have begun to associate self-reported snoring to negative
outcomes such as hypertension, pre-eclampsia and gestational diabetes (Bourjeily, et al.,
2010; Franklin, et al., 2000; Perez-Chada, et al., 2007; Qiu, Enquobahrie, Frederick,
Abetew, & Williams, 2010), but these associations need to be confirmed with objective
measures of SDB. A large prospective study is also needed to reveal how the many
proposed mechanisms such as narrowed upper airway size (lzci, et al., 2006),
nasopharyngeal oedema (Pilkington, et al., 1995), hormonal influences on upper airway
and diaphragmatic drive (Edwards & Sullivan, 2008), and gestational weight gain
contribute to SDB in pregnancy. More information about the factors contributing to SDB
during pregnancy will hopefully assist in the development of a simple predictive tool to
determine which women are more at risk.
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Given that SDB in pregnant women appears to be characterised by increased
amounts of flow limitation and snoring as opposed to repetitive episodes of complete
obstruction, only using the AHI/hr calculated on PSG may not truly reflect disease
severity. Future research should focus on developing other methods of measuring SDB or
even devising a different diagnostic criterion for pregnant women, taking into account
how these measures relate to maternal and foetal outcomes.

A number of studies have focused on RLS during pregnancy (Manconi, Govoni,
De Vito, Economou, Cesnik, Casetta, et al., 2004; Manconi, Govoni, De Vito, Economou,
Cesnik, Mollica, et al., 2004; Tung, et al., 2007), and although related to PLMS, the latter
is a distinct condition that requires confirmation via PSG. Dzaja, Wehrle, Lancel and
Pollmacher (2009) have recently shown that RLS during pregnancy is associated with
increased amounts of PLMS, and considering RLS affects about a quarter of women
during pregnancy (Manconi, Govoni, De Vito, Economou, Cesnik, Casetta, et al., 2004;
Tung, et al., 2007) it is surprising that no studies have specifically investigated PLMS
during pregnancy and their implications.

There is already a large body of empirical research focusing on whether memory
is consolidated during sleep, and how this occurs. This study was unable to shed any
additional light on this, and considering the conflicting findings and the complexities of
the constructs of both memory and sleep, there is still a need for future research to address
this in order to clarify which mechanisms of sleep, if any, do in fact promote
consolidation of all areas of memory.

Conclusion

The purpose of this series of studies was to establish whether memory
impairments in pregnancy could be attributed to sleep disturbances, while controlling for
confounding variables such as attention, mood, hormone level and nocturnal oxygen
saturation. The first and third trimester of pregnancy is associated with reduced verbal
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memory performance compared to nonpregnant women, mostly as a consequence of
reduced immediate memory span. However, visual and procedural memory remains
unaffected. Pregnant women should be reassured that any memory problems experienced
during pregnancy should be minor, and that teaching of compensatory techniques can
improve confidence in their abilities.

Sleep during pregnancy is characterised by decreased sleep efficiency and
increased awakenings, less time in REM sleep, and less deep sleep in favour of more
light, non-restorative sleep. Sleep-related conditions such as snoring and leg movements
were also more commonly seen in the pregnant women. Sleep is vital for physical and
mental well-being, so assessing sleep quality throughout pregnancy is important. Health
professionals should understand the characteristics of sleep during pregnancy, in order to
recognise when referral to a sleep specialist may be required.

In contrast to the dual-process and double-step hypotheses of memory
consolidation during sleep, reduced verbal memory retention in pregnancy was not the
result of sleep disturbances. Although pregnant women in this study experienced
disrupted sleep, they may still have had a sufficient amount to support the interplay
between the hippocampus and neocortex to strengthen memory representations during
sleep. The question of why memory difficulties exist during pregnancy remains
unanswered. Although this study discounted sleep architecture as a contributing factor, a
combination of other electrophysiological-, neurotransmitter- and neuroendocrine-related
mechanisms of sleep known to play a part in memory function may be involved and

hence there remains plenty of scope for further research in this area.
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Appendix A: Alternative Thesis Format Guidelines

Higher Degrees Committee (Research)
Thesis by Published and Unpublished Papers

1 As an alternative to the traditional format for a higher degree thesis, it is permissible for
candidates to submit a thesis in the form of a series of articles arising from the candidate’s
higher degree research. These must be along a central theme and may or may not be already
published. The presentation of the articles should take into account current regulations for
PhDs (see R21.2.9), for Professional Doctorates (see R21.3.9) and for Masters by Research
(see R21.5.9). Where the thesis includes work of joint authorship the candidate shall include
in the thesis a signed declaration for each article, stating the extent and nature of his or her
contribution and justifying the inclusion of the material. A signed declaration from at least
one of the co-authors should also be included, verifying the extent and nature of the
candidate’s contribution.

2 The presentation of a thesis as a collection of articles must include at least one substantial
integrating article, or preferably a separate introduction, general discussion and conclusion
that in combination provide an integration of the material presented. In addition, a clear
statement must be included in the thesis indicating which chapters are based on published
articles and providing full publication details of these articles.

3 The number of articles to be included will depend on the content and length of each and
should take full account of the University’s requirements for the degree as well as the amount
of research expected for the degree in that discipline. Each disciple area may have specific
requirements, in addition to those described in these guidelines and in the university
regulations.

4 With respect to the regulation governing the completion of work undertaken during
candidature, (see point 1), it is expected that unless written approval is given to include work
undertaken prior to candidature at La Trobe University, e.g., a small proportion of data
collected during the Honours degree to be re-analysed, all work will have been completed
during the period of candidature. Work published prior to commencement of candidature
must not be included in the thesis, although reference to such material is permitted.

5 With respect to the regulation governing joint authorship (see point 1) the candidate is
expected to have made a significant and leading contribution to the work reported, equivalent
to that expected for a traditional thesis.

6 A published book can also be submitted as a thesis for a Masters, PhD or professional
doctorate, provided that it fulfills the requirements set out in the above five clauses of these
guidelines.

7 The thesis will be examined in the normal way and according to the normal requirements set

out for the degree (see Appendix A and Appendix D of the Handbook for Candidates and
Supervisors for Masters Degrees by Research and Doctoral Degrees). Examiners of a thesis
by published and unpublished papers will be given a copy of these guidelines.

8 The decision to submit a thesis in the form of a series of published and unpublished articles
should be given careful consideration. Candidates should note that this is not an accepted
practice in all disciplines. Moreover, it is likely, especially with a series of articles along one
theme, that there will be considerable repetition across the articles which may detract from
the presentation of the thesis. For these reasons, it may be more appropriate to prepare the
thesis in the traditional format, including reprints of any published articles arising from the
thesis as an appendix.

AB Amended 26.11.07
Thesis by Publication.doc (modified from GuidAltThesisFormatREV2.doc)
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Appendix B: Participant Information and Consent Form

PARTICIPANT INFORMATION AND CONSENT FORM

EPISODIC AND PROCEDURAL MEMORY CONSOLIDATION DURING
SLEEP: CAN MEMORY IMPAIRMENT DURING PREGNANCY BE
ATTRIBUTED TO SLEEP DISTURBANCE?

Project Number: 02971
Principal Researcher: Prof. Rob J. Pierce

Associate Researchers: Dr. Maree Barnes, Prof. Michael Permezel, Prof. Simon
Crowe, Mr. Martin Jackson, Ms. Danielle Wilson, Dr. Lenore Ellett.

1. YOUR CONSENT

You are invited to take part in a research project looking at commonly reported
memory problems during pregnancy, and whether sleep disturbance could be a
contributing factor. This Participant Information and Consent Form is 8 pages long.
Please make sure you have all the pages.

This Participant Information Form contains detailed information about the research
project. Its purpose is to explain to you as openly and clearly as possible all the
procedures involved in this project before you decide whether or not to take part in it.
Please read this Participant Information Form carefully. Feel free to ask questions
about any information in the document. You may also wish to discuss the project
with a relative or friend or your local health worker. Feel free to do this.

Once you understand what the project is about and if you agree to take part in it, you
will be asked to sign the Consent Form. By signing the Consent Form, you indicate
that you understand the information and that you give your consent to participate in
the research project.

You will be given a copy of the Participant Information and Consent Form to keep as
a record.

2. PURPOSE AND BACKGROUND

The purpose of this project is to investigate commonly reported memory problems
experienced during pregnancy. Many studies have explored the memory changes
that women often report during pregnancy, but studies employing actual memory
tests have had mixed results. Some of these have shown that memory does get
worse during pregnancy, but others have disagreed with this finding. Therefore, the
first purpose of this study is to clarify the findings surrounding pregnancy and
different types of memory.

Secondly, this project will investigate a possible explanation for memory problems
during pregnancy. Some studies have suggested that the effect on memory may be

Austin Health and Mercy Health and Aged Care — Patient Information and Consent Form
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due to the hormonal changes during pregnancy, while others have suggested that
lack of sleep may be the problem. Studies that have asked pregnant women about
their sleep found that up to 9 in 10 women reported some form of sleep disturbance.
The use of overnight sleep monitoring revealed that pregnant women tend to spend
less time asleep and wake more often during the night, and some studies showed
that they have less deep sleep.

One common belief is that during sleep, memories of things that happened during the
day may be put into different parts of the brain for long-term storage. It is thought
that lack of sleep during pregnancy may be interfering with this memory storage. If
so, then memory should become progressively worse as the pregnancy progresses.
This will be the second purpose of our study.

A total of approximately 90 people will participate in this project.

You are invited to participate in this research project because memory problems
during pregnancy are commonly reported, but few studies have actually documented
this. The experience of forgetting in day-to-day life can be frustrating and upsetting.

Danielle Wilson will submit this research to La Trobe University as the basis for the
degree of Master of Science. This research project has received funding from the
Austin Hospital Medical Research Foundation and La Trobe University.

3. PROCEDURES

You have been invited to participate in this study that is looking at the relationship
between sleep and memory in pregnancy. This project will involve three groups of
women:

1. Pregnant women in the first trimester (experimental group)

2. Pregnant women in the third trimester (experimental group)

3.  Non-pregnant women (control group)

You will be part of the group of pregnant women in the third trimester.

By comparing memory tests and sleep patterns in these three groups, we will be able
to determine whether pregnant women experience difficulties with their memory and
sleep, and whether these problems are related.

At the beginning of your involvement in this research project, we will invite you to
attend the hospital for an interview so we can fully explain to you what is involved.
After signing the informed consent form on page 8 of this document, you will be
asked to fill out a questionnaire to determine whether you are eligible to continue in
this study. This appointment should take approximately 1 hour.

If you are eligible to continue, you will then be invited to undertake an overnight sleep
study in the sleep laboratory. On the evening of the sleep study, you will be invited to
complete several neuropsychological tests (details are below) to measure your
attention and memory abilities. The sleep study may be done on the same day as
the interview appointment, or you may choose to come back on another day to
complete this. The testing session will take approximately 2 hours, and breaks may
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be taken as required. Testing will be conducted at the sleep laboratory, in a quiet
and distraction free environment. At the completion of testing, you will be allowed to
go to bed and sleep.

When you wake in the morning, you will again complete several neuropsychological
tests to measure you attention and memory abilities. After completion of these tasks,
a blood sample will be taken to measure your hormonal levels, and you will be then
allowed to go home.

4. WHAT ARE THE TESTS?
A. Personal Information

You will be asked to fill in a form with details of your age, marital status, education
level, current employment, height and weight. You will also be asked details about
your current pregnancy (e.g. number of weeks, any previous pregnancies, single or
multiple).

B. Questionnaires

i) Depression Anxiety and Stress Scale

This is a brief self-report questionnaire designed to measure depression, anxiety and
stress.

i) Sleep Questionnaire

This will ask you about how well you have been sleeping during the past 2 weeks,
and about your general sleepiness level.

i) Memory Questionnaire

This will ask you about your memory functioning during the last two weeks.

C. Neuropsychological Tests — approximately 2 hours

i)  Estimate of Intellectual Functioning

This is a 30-minute test to obtain a reliable measure of your general intelligence. This
involves doing a pen and paper test as well as some block building tasks.

i)  Memory tests

Your memory abilities will be measured with a short series of tests involving recall of
written, spoken and spatial information.

i)  Vigilance test

You will be asked to press a button on a computer keyboard in response to figures
appearing on the screen. We will measure how long it takes you to respond each
time the figures appear. This task will take approximately 20 minutes.

D. Overnight Sleep Study

The overnight sleep study takes place in the sleep laboratory. You will be asked to
arrive at approximately 7pm in the evening to undertake the neuropsychological tests
before going to bed, and the sleep study will finish at 6.30am the next morning.
Following this, you will complete the neuropsychological tests and have a blood
sample taken, and you will be able to leave by approximately 7.30am.
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When you come in, you will be met by the researcher and shown to your private
room. Bathroom facilities are shared. There is a small lounge/television room for
your use, and microwave / fridge facilities are available. You should have your dinner
before coming to the hospital, bring night attire, toiletries, and are welcome to bring
your own pillow. You should bring all your own medication and take any medication
as you would normally. Since caffeine is a stimulant, you are asked to refrain from
drinking coffee, tea or coke from 4pm on the afternoon of the overnight study. If you
wish, you may bring non-caffeinated drinks with you to the hospital. Alcohol should
be avoided from 12 midday on the day of this study.

The researcher is a trained scientist or nurse who is experienced in this area.

He/she will explain the equipment and procedures to you, then will attach several
electrodes to your head, face, chest and legs to monitor your heart and the activity of
your brain, your eyes, and the muscles of your face and legs. You will also have 2
bands strapped around your chest and abdomen to monitor your breathing, an
airflow detector attached to your nose and an oxygen sensor attached to a finger.
This may sound very uncomfortable and restrictive, but you are able to walk around,
read, watch television, eat and drink. After the memory and attention testing you will
be asked to go to bed, and the electrodes will be plugged in to a board at the head of
your bed.

E. Measure of Hormones

A blood sample will be taken in the morning at the Pathology Department, which will
be used to measure the effects of progesterone levels on your memory and sleep.

5. COLLECTION OF BLOOD SAMPLES FOR RESEARCH PURPOSES

By consenting to take part in this study, you also consent to the collection, storage
and use of blood samples. A small amount of blood (5ml or % tablespoon) will be
sampled from the inside of your elbow by a trained pathology nurse. All samples will
be handled by the Department of Laboratory Medicine according to their normal
procedures. Data from the blood samples will be entered in a coded manner into our
research study database. Thus all information regarding the sample will be recorded
using a subject ID number only. The sample will be destroyed at the conclusion of
the study.

6. POSSIBLE BENEFITS

There will be no direct to you for participating in this study. You will not be paid for
your participation in this trial.

7. POSSIBLE RISKS

Possible risks, side effects and discomforts include

1) The main discomfort will be the time commitment we are asking of you (one
overnight study), and the fatigue that the tests may cause.

2) Blood Test — there may be some discomfort or bruising from the needle.

3) During the sleep study, the cream used to attach the wires may cause some skin
irritation.

4) If our testing does reveal any significant abnormalities, you will be referred to a
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specialist for further investigation.
There may be additional unforeseen or unknown risks.
8. OTHER TREATMENTS WHILST ON STUDY

It is important to tell your doctor and the research staff about any treatments or
medications you may be taking, including non-prescription medications, vitamins or
herbal remedies and any changes to these during your participation in the study.

9. PRIVACY, CONFIDENTIALITY AND DISCLOSURE OF INFORMATION

At the end of the study you will receive a copy of your results and these will be
explained to you by one of the researchers. We will happily send a copy to any
doctor at your request. The results of the study will be published, but your identity
will not be revealed, nor will your results be shared with anyone else for any other
purpose. Members of the Hospital Ethics Committee may ask to look at your results,
but no other people will be authorised to access them. The records dealing with this
study will be kept in safe storage for 7 years, and then shredded.

Your confidentiality will be respected at all times. You are free to decline or withdraw
from participation in this study at any time and this will not affect your present or
future relationship with this hospital or doctor. If at any time you or your doctor feels
it is in your best interest to discontinue, you will be withdrawn from the study. At all
stages of the study, you will be encouraged to ask questions.

Any information obtained in connection with this research project that can identify you
will remain confidential and will only be used for the purpose of this research project.
It will only be disclosed with your permission, except as required by law. If you give
us your permission by signing the Consent Form, we plan to publish the results in a
scientific journal. In any publication, information will be provided in such a way that
you cannot be identified.

In accordance with the National Medical Health and Research Council guidelines, the
Human Research Ethics Committee is required to conduct audits of research projects
from time to time. It may therefore be possible that the Human Research Ethics
Committee which has approved this research, will seek to view a copy of your signed
consent form, or to contact you, to ensure that the research is being conducted
according to the ethical standards required by these guidelines.

In accordance with the Freedom of Information Act 1982 (Vic), you have the right to
access and to request correction of information held about you by Austin Health or
Mercy Hospital for Women.
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10. NEW INFORMATION ARISING DURING THE PROJECT

During the research project, new information about the risks and benefits of the
project may become known to the researchers. If this occurs, you will be told about
this new information. This new information may mean that you can no longer
participate in this research. If this occurs, the person(s) supervising the research will
stop your participation. In all cases, you will be offered all available care to suit your
needs and medical condition.

11. FURTHER INFORMATION OR ANY PROBLEMS

Ms. Danielle Wilson, Dr. Maree Barnes, Professor Michael Permezel, Dr. Lenore
Ellett, Professor Rob Pierce, Professor Simon Crowe, and Mr. Martin Jackson will be
coordinating this study. If you have any questions or concerns, they can be
contacted on:

Danielle Wilson  ph 9496-5756 during hours, or leave a message after hours.
Maree Barnes: ph 9496-5756 during hours.

After hours: through the hospital switchboard, ph 9496-5000.
Rob Pierce: ph 9496-3688 during hours.

After hours: through the hospital switchboard, ph 9496-5000.
Lenore Ellett: through the Mercy hospital switch board, ph 8458 4444
Simon Crowe ph 9479-1380 during hours, or leave a message after hours.
Martin Jackson  ph 9479-2472 during hours, or leave a message after hours.

If you have any complaints about any aspect of the project, the way it is being
conducted or any questions about your rights as a research participant, then you may
contact:
= Andrew Crowden, Chairman of the Austin Health Human Research Ethics
Committee. Telephone: 9496 2901.
= Vicky Karitinos, Secretary, Research Ethics Committee at Mercy Health and
Aged Care. Telephone: 8458 4808.

12. PARTICIPATION IS VOLUNTARY

Participation in any research project is voluntary. If you do not wish to take part you
are not obliged to. If you decide to take part and later change your mind, you are free
to withdraw from the project at any stage. You will be able to have your tissue
sample and data withdrawn from the research project if you wish.

Your decision whether to take part or not to take part, or to take part and then
withdraw, will not affect your routine treatment, your relationship with those treating
you or your relationship with Austin Health or Mercy Hospital for Women.

Before you make your decision, a member of the research team will be available so
that you can ask any questions you have about the research project. You can ask for
any information you want. Sign the Consent Form only after you have had a chance
to ask your questions and have received satisfactory answers.

If you decide to withdraw from this project, please notify a member of the research
team before you withdraw. This notice will allow that person or the research
supervisor to inform you if there are any health risks or special requirements linked to
withdrawing.
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13. ETHICAL GUIDELINES

This project will be carried out according to the National Statement on Ethical
Conduct in Research Involving Humans (March 2007) produced by the National
Health and Medical Research Council of Australia. This statement has been
developed to protect the interests of people who agree to participate in human
research studies.

The ethical aspects of this research project have been approved by the Human
Research Ethics Committee of Austin Health. Approval for this research has also
been given by the Mercy Hospital for Women and La Trobe University.
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A Austin Health

CONSENT FORM TO PARTICIPATE IN RESEARCH

Project Title: Episodic And Procedural Memory Consolidation During Sleep:
Can Memory Impairment During Pregnancy Be Attributed To Sleep
Disturbance?

Project Number: 02971

»= | have read and | understand the Participant Information and Consent Form,
Version 2 dated 06/08/2007.

» | have had an opportunity to ask questions and | am satisfied with the answers |
have received.

» | understand that this involves risks and inconveniences as listed on page 4 of this
document.

= | freely agree to participate in this project according to the conditions in the
Participant Information Form.

= | will be given a copy of the Participant Information and Consent Form to keep.

= | understand that the researcher has agreed not to reveal my identity and
personal details if information about this project is published or presented in any
public form.

» | understand that | can leave the research project at any time and that this will not
change my relationship with my doctor.

Participant’s Name (printed)

Signature Date

Name of Witness to Participant’s Signature (printed)

Signature Date

Declaration by researcher: | have given a verbal explanation of the research project,
its procedures and risks and | believe that the participant has understood that
explanation.

Researcher’'s Name (printed)

Signature Date

* A senior member of the research team must provide the explanation and provision of information concerning the research
project.

Note: All parties signing the Consent Form must date their own signature.
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Memory Questionnaire

1. On a scale of 1-10, with 1= extremely poor to 10= extremely good,
how would you rate the quality of your memory over the past two
weeks?

2. On a scale of 1-10, with 1= extremely poor to 10= extremely good,
how would you rate the quality of your memory generally? (when not
pregnant)

3. Have you noticed any changes in your ability to recall or remember
things since being pregnant?

Yes No
4. Have you noticed any changes in your concentration or attention
span since being pregnant?

Yes No

5. How frequent would lapses in your memory occur?

Never Rarely Often Always
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Appendix D: Demographic Questionnaire

Background Information

The following information is needed so that we can gain a general description of
who participates in the study. Please indicate your current situation by ticking the
boxes, filling in the blanks, or circling the number which best suits you.

1.

What is your age?

years

2. How many weeks pregnant are
you?
weeks

w

What is your current relationship
status?

4. Do you have any children at home?

O Yes O No

1. Single

2. Currently in a relationship If Yes, how many?

3. Married/De Facto

4. Divorced/Separated Age of children

5. Widowed

5. What level of education have you 6. Are you currently studying?

completed?

O Yes O No

1. Incomplete high school
2. High school If Yes, what is your current enrolment
3. Diploma/TAFE course status?
4. Undergraduate degree
5. Postgraduate degree 1. Full-time
6. Other (please specify) 2. Part-time
3. Other (please specify)
7. What is your employment status?

agrwnE

Unemployed

Casual employment
Part-time employment
Full-time employment
Other (please specify)
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Appendix E: Sleep Questionnaire

Sleep Questionnaire

1. On a scale of 1-10, with 1= extremely poor to 10= extremely good,
how would you rate the quality of your sleep over the past two weeks?

2. On a scale of 1-10, with 1= extremely poor to 10= extremely good,
how would you rate the quality of your sleep generally? (when not
pregnant)

3. On average, how many hours per night would you sleep? (please
circle)

Less than 4 4-6 6-8 8-10 10 plus

4. Do you have difficulty falling asleep? (please circle)
Yes No
5. On average, how many minutes would it take you to fall asleep
once in bed? (please circle)
0-10 10-20 20-30 30-60 60+
6. On average, how many times would you wake up during the night?
(please circle)

None 1-2 3-4 5 times or more
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Appendix E: Sleep Questionnaire

7. On a scale of 1-4, indicate how often you would wake during the
night for the following reasons —
1= never 2 =rarely 3 = often 4 = always

Uncomfortable position
Fetal movement

Need to urinate
Contractions

Back pain/leg cramps
Temperature
Shortness of breath
Children/partner
Other

RPRRRRRRRPR
NNNNMNNNNNN
WWWwwowowwww
AMADMPAMDMDIMDMDMD

8. After waking, do you have difficulty falling back asleep?

Yes No

9. On a scale of 1-10, with 1= not at all refreshed to 10= extremely
refreshed, how refreshed do you feel when you wake in the morning?

10. Do you experience tiredness during the day?

Yes No

11. Do you take naps during the day?

Yes No
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Appendix F: Multivariate Apnea Risk Index (Maislin et al. 1995)

Participant No.

Date

During the last fortnight, have you had, or have you been told about the following

symptoms:
| rare'hy’ 12 | 34 | 57 | dont
never | 1esSthan | imes o | timesa | timesa | know
oncea | \eek | week | week
week
(show the fregquency by putting a cross in one box)
1. snorting or gasping O O O O O O
2. loud snoring O O O O
3. breathing stops, choke or struggle for breath W O O O O O
Thank you!
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Appendix G

Copy of Published Manuscript — Chapter 2

Wilson, D. L., Barnes, M., Ellett, L., Permezel, M., Jackson, M., & Crowe, S. F.
Compromised verbal episodic memory with intact visual and procedural memory
during pregnancy. Journal of Clinical and Experimental Neuropsychology. First
published online 14 March 2011. DOI: 10.1080/13803395.2010.550604
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Anecdotal reports of memory problems during preg-
nancy are abundant. In particular, pregnant women
frequently rate their memory as worse than normal
(Crawley, Dennison, & Carter, 2003; McDowall &
Moriarty, 2000; Parsons & Redman, 1991) and are more
likely than nonpregnant women to have memory com-
plaints (Brindle, Brown, Brown, Griffith, & Turner, 1991;
Casey, Huntsdale, Angus, & Janes, 1999; Janes, Casey,
Huntsdale, & Angus, 1999; Sharp, Brindle, Brown, &
Turner, 1993). However, subjective reports may not reli-
ably indicate actual performance, and pregnant women
may be more aware of their cognitive slips due to cul-
tural expectations of cognitive decline during pregnancy
(Crawley, Grant, & Hinshaw, 2008). Objective techniques
have consequently been employed to investigate memory
performance during pregnancy.

Explicit memory refers to the conscious recall or recog-
nition of facts (semantic memory) or events (episodic
memory) and is commonly tested in experimental

settings. Compared to controls, pregnant women have
shown significant deficits on explicit memory tasks
such as word-list learning (Buckwalter et al., 1999;
de Groot, Vuurman, Hornstra, & Jolles, 2006; Sharp
et al., 1993), paragraph recall (Keenan, Yaldoo, Stress,
Fuerst, & Ginsburg, 1998), and semantic fluency (de
Groot, Hornstra, Roozendaal, & Jolles, 2003). Difficulty
in discriminating relevant from irrelevant responses led
Buckwalter et al. (1999) to conclude that pregnancy is
associated with less effective, more haphazard learning
styles. A recent meta-analysis indicated that pregnant
women are specifically impaired on memory measures
that place high demands on executive cognitive control
(Henry & Rendell, 2007). In contrast to explicit memory,
implicit memory can be acquired and reexpressed with-
out conscious awareness, but behavioral performance is
affected. Priming has been a focus, with pregnant women
using significantly fewer words from a priming list to
complete word stems than do controls (Brindle et al.,
1991; Sharp et al., 1993).
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Physiological and psychological factors differ as a
function of stage of pregnancy and parity. Some investi-
gators describe memory impairments appearing as early
as the first trimester (de Groot et al., 2003; de Groot
et al., 2006; Sharp et al., 1993), whereas others describe
a maximal decline in memory in the second trimester
(Shetty & Pathak, 2002) or the third trimester (Keenan
et al., 1998). Memory performance is often unrelated to
prior pregnancy history (Casey et al., 1999; McDowall
& Moriarty, 2000; Parsons et al., 2004; Sharp et al.,
1993); however, Brindle et al. (1991) found that only
primigravid women were impaired on implicit memory
measures.

Impaired memory function during pregnancy is not
always observed (Casey, 2000; Casey et al., 1999;
Christensen, Poyser, Pollitt, & Cubis, 1999). Specifically,
pregnant women have been unimpaired on measures of
verbal and visual recognition (Sharp et al., 1993), recall
of visually presented objects (Brindle et al., 1991; Sharp
et al., 1993), word-list recall (Brindle et al., 1991), story
recall (Crawley et al., 2003; Crawley et al., 2008), prospec-
tive memory (Casey et al., 1999; Crawley et al., 2008), and
priming (Casey et al., 1999; Janes et al., 1999; McDowall
& Moriarty, 2000). A large experimental study conducted
recently concluded that pregnancy and motherhood are
not associated with persistent cognitive deterioration
(Christensen, Leach, & Mackinnon, 2010).

Pregnancy is associated with dramatic hormonal
changes; both estrogen and progesterone influence brain
regions that subserve learning and memory (Dohanich,
2003). Estrogen administration appears to help enhance
verbal memory and capacity for new learning (Kampen
& Sherwin, 1994; Sherwin, 1997); however, there is lit-
tle evidence to suggest that very high estrogen levels
like those in pregnancy have a beneficial effect on mem-
ory (Brett & Baxendale, 2001). The actions of proges-
terone on memory structures has been rarely studied,
though progesterone concentrations equivalent to term
pregnancy levels in healthy premenopausal women have
been associated with decreased verbal memory function
(Freeman, Weinstock, Rickels, Sondheimer, & Coutifaris,
1992). Despite this, no consistent associations between
hormones and cognition during pregnancy have been
found (Buckwalter et al., 1999; Silber, Almkvist, Larsson,
& Uvnas-Moberg, 1990).

Depressive symptomatology in the prenatal period is
a significant problem, with reported prevalence rates
between 14% and 37% (Andersson et al., 2003; Lee
et al.,, 2007; Priest, Austin, Barnett, & Buist, 2008).
Individuals with depressive mood disorders have been
shown to exhibit significant impairments in explicit mem-
ory function (Bearden et al., 2006), particularly episodic
memory (Sweeney, Kmiec, & Kupfer, 2000). Mood symp-
toms experienced by some women during pregnancy may
plausibly impact on memory function. Pregnancy also
triggers a major lifestyle adjustment, and the mother-to-
be is likely to focus on their current state of pregnancy
rather than on the world around them (Crawley, 2002).
This high degree of introspection may result in atten-
tional fluctuations and make encoding new information
and learning new skills more difficult.

The experience of cognitive difficulties can be frustrat-
ing and upsetting for an individual. During a time such
as pregnancy, women need to learn new information and
skills pertaining to the care of their newborn infant and
are required to comply with specific medical instructions.
Memory problems at such a time would disadvantage the
mother-to-be.

A discrepancy currently exists between the consistently
reported memory problems during pregnancy and the
conflicting findings on objective testing. Only a limited
number of studies using well-established neuropsycho-
logical techniques exist, but variations in their method-
ologies and choice of memory tasks may have led to
their contradictory conclusions. Furthermore, procedu-
ral memory, a type of implicit memory that includes
motor and cognitive skill learning and perceptual “how
to” learning (Lezak, Howieson, & Loring, 2004), has not
been investigated in pregnancy.

This article aims to report the initial findings from a
study looking at the impact of sleep on memory con-
solidation during pregnancy. Specifically, the purpose of
this study is to investigate episodic and procedural mem-
ory performance during early and late pregnancy, whilst
accounting for possible contributors to memory impair-
ment including attentional deficits, hormonal change,
and mood disturbance. Based on consistent reports of
memory problems during pregnancy and objectively mea-
sured memory deficits in much of the literature, it is
hypothesized that pregnant women will show impair-
ments on memory tasks in comparison to the nonpreg-
nant controls.

METHOD
Participants

The Human Research Ethics Committees at Austin
Health, Mercy Hospital for Women, and La Trobe
University approved this study, and informed consent
was obtained from all participants. Four hundred and
thirty pregnant women from the Outpatient Obstetrics
Clinic at the Mercy Hospital for Women were consec-
utively approached to participate in the study; of these,
56 agreed. Participant declination was mostly due to
the requirements of the broader study. After volunteer-
ing to participate, 10 pregnant women withdrew prior to
data collection due to pregnancy-related complications
or inability to attend the testing session. Nonpregnant
women were recruited from advertisements in the hospi-
tal newsletter and from friends of the pregnant partici-
pants. Participants were excluded if they had a multiple
pregnancy or pregnancy complicated by hypertension,
diabetes, or preeclampsia, a significant medical, psycho-
logical, or psychiatric comorbidity, a history of head
injury or memory problems, or poor English language
skills, or if they were taking antidepressant medication. In
total, 26 women in the third trimester of pregnancy (T3:
30-38 weeks gestation), 20 women in the first trimester of
pregnancy (T1: 9-14 weeks gestation), and 24 nonpreg-
nant women (control group) participated in the study.
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Materials

Memory tasks were chosen for their widespread use in
standardized neuropsychological testing and the avail-
ability of age- and sex-specific norms. As procedural
memory has not yet been tested in pregnant women, task
selection was based on previous research looking at pro-
cedural memory consolidation and sleep in nonpregnant
samples.

Memory questionnaire

Participants rated their current and general (or when not
pregnant) memory quality on a scale of 1 (extremely poor)
to 10 (extremely good) and indicated whether they had
noticed changes in memory and in attention and con-
centration since becoming pregnant (or over the past six
months for control participants). Frequency of memory
lapses over the past fortnight was rated on a scale of
“always,” “often,” “rarely,” or “never.”

9 <«

Depression anxiety stress scale—short version
(DASS-21; Lovibond & Lovibond, 1995)

Current state of depression, anxiety, and stress was
measured using 21 items scored on a 4-point severity/
frequency scale to rate the extent to which they have expe-
rienced each state over the past week. The score range for
each scale is 0-42.

Wechsler abbreviated scale of intelligence
(WASI; Psychological Corporation, 1999)

The WASI is a short and reliable measure of intelligence,
consisting of four subtests, which combine to yield the
Full Scale 1Q score. The WASI 1Q scores are scaled on a
metric of a mean of 100 and a standard deviation of 15.

Test of memory malingering (TOMM; Tombaugh,
1996)

This test assesses effort and feigning of memory com-
plaints in adults. Each of two learning trials contains the
same 50 line drawings of common objects shown for three
seconds each. Following each trial, recognition is tested
with the presentation of 50 paired pictures with one tar-
get item plus a new line-drawn object. Participants in this
study were deemed to be giving sufficient effort if they
scored at least 45 out of 50 (90%) on the second trial.

Wechsler memory Scale-third edition (WMS-III;
Wechsler, 1997)

The scaled scores from the four primary subtests of
Logical Memory, Faces, Verbal-Paired Associates, and
Family Pictures were used to assess episodic memory. The
Rarely Missed Index for Logical Memory Recognition
(Killgore & DellaPietra, 2000) was also calculated as a
measure of response validity.

Austin maze (Milner, 1965; Walsh, 1985)

The maze consists of a grid of 10 x 10 buttons that must
be pressed in a certain order to get from one corner to the
opposite corner. When the participant presses a button
that is in the correct order they receive a green light, and
when they venture off track the light turns red and they
must try another path. Errors per trial are calculated as
the number of times the participant presses a button that
is not on the correct path. A maximum of 10 trials were
allowed to complete 2 errorless trials; with the total score
as the overall number of errors for the 10 trials. Delayed
recall was assessed by the number of errors made on 1
further trial.

Rey auditory verbal learning test (RAVLT; Rey,
1964)

A list of 15 unrelated nouns is read aloud for five con-
secutive trials; each trial is then followed by a free-recall
test. Only List A was used for this study. After the delay
period, the participant is required to recall words without
further presentation of the word list. Delayed recognition
was tested whereby the participant must identify the 15
words from a list of 50 words read aloud containing all
items from List A and 15 words phonemically and/or
semantically similar to those in the list. Identified words
that were not on List A were scored as “false-positive”
responses.

Motor sequence learning

This procedural memory task is the same as the
finger-tapping task used by Walker, Brakefield, Morgan,
Hobson, and Stickgold (2002), but for the purpose of
this study is termed Motor Sequence Learning so as not
to be confused with the Finger Tapping Test (Reitan,
1979) used in neuropsychological test batteries. Motor
Sequence Learning requires participants to press four
numeric keys on a standard computer keyboard with
the fingers of their left (nondominant) hand, repeating
the five-element sequence 4-1-3-2-4 as quickly and as
accurately as possible for a period of 30 s. The numeric
sequence was displayed at the top of the screen at all
times to exclude any working memory component to the
task. Training consisted of ten 30-s trials with 30-s rest
periods between trials. The scores (number of sequences
and number of errors) from the first trial of training were
taken as the “baseline” measure, and the averaged scores
from the final two trials were taken as the “posttrain-
ing” performance. The averaged scores of two further
30-s trials assessed delayed performance.

Mirror-Tracing task (Model 31010; Lafayette
Instrument Co., Lafayette, Indiana)

For this procedural memory task, participants were
instructed to trace a flat, six-pointed star with a pencil
while only a mirror-inverted image of the star was visible.
Participants were instructed to be as quick and accurate
as possible. Performance on each of 10 trials was assessed
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by the number of errors (drawing outside the edges of the
star) and the time taken to trace the star. The scores from
the first trial were taken as the “baseline” measure, and
the averaged scores from the final 2 trials were taken as
the “posttraining” performance. The averaged scores of 2
further trials assessed delayed performance.

Test of variables of attention (TOVA; The TOVA
Company, Los Alamitos, California)

The TOVA is a computerized attention task that mea-
sures responses to visual stimuli for 21.6 minutes. The
TOVA contains two test conditions: target infrequent
and target frequent. In the first half of the test (target
infrequent), the target:nontarget ratio is 1:3.5; a target is
presented (randomly) only once every 3.5 nontarget pre-
sentations. In the second half of the test (target frequent),
the target:nontarget ratio is reversed (3.5:1). Variables
measured include response time, variability of response
time (consistency), errors of commission (impulsivity),
and errors of omission (inattention).

Procedure

As the current study reports on part of a broader study
investigating the impact of sleep on memory consolida-
tion, immediate memory was tested in the evening prior
to sleep, and delayed memory was tested the following
morning.

Participants arrived at the research laboratory in the
evening, having refrained from alcohol and caffeine from
midday. The memory questionnaire and the DASS-21
were completed before the neuropsychological tests were
administered as ordered in Table 1. All participants were
tested at the same time of day by the same investigator,
who was trained in neuropsychological test administra-
tion. The testing session took approximately two hours,
and participants were given rest breaks as requested. The
following morning (approximately nine hours later), the

TABLE 1
Schedule of neuropsychological testing and estimated
administration time

Order of testing Administration time (min)

Demographics and DASS-21 5
WASI 30
TOMM 10
Motor Sequence Learning 10
Mirror-Tracing Task 10
Austin Maze 10
WMS-III 20
RAVLT 5
TOVA 20

Note. DASS-21 = Depression Anxiety Stress Scale 21, WASI =
Wechsler Abbreviated Scale of Intelligence, TOMM = Test of
Memory Malingering, WMS-III = Wechsler Memory Scale—
Third Edition, RAVLT = Rey Auditory Verbal Learning Test,
TOVA = Test of Variables of Attention.

delayed component of the memory tests was adminis-
tered, and blood samples were taken for serum proges-
terone levels.

Statistical analysis

All statistical analyses were performed with the Statistical
Package for Social Sciences 15.0 (SPSS Inc., Chicago,
Illinois). Data were checked for linearity and normality,
and non-normally distributed variables were transformed
as appropriate. The few extreme univariate outliers found
(z score > 3.29) were assigned a raw score one unit
larger or smaller than the next most extreme score in
the distribution, as recommended by Tabachnick and
Fidell (2007). There were no extreme outliers on any of
the WMS-III or RAVLT variables. A total of 4 third-
trimester women, 1 first-trimester woman, and 1 control
woman were unable to complete the Mirror-Tracing Task
due to its difficulty. TOVA data for 1 first-trimester
woman were invalid due to an unanticipated disrup-
tion during the fourth quarter of the test. Up until this
point, performance was within normal limits, and there-
fore this participant was included in all other analyses.
Chi-square tests were used to compare the pregnancy
groups on demographic variables and subjective mem-
ory ability. One-way between-groups analysis of variance
(ANOVA) was used to compare groups on the WMS—
IIT subtests and the DASS-21. One-way between-groups
multivariate analysis of variance was used to compare
groups on overall RAVLT and Austin Maze performance,
with between-subjects effects indicating on which task
elements the groups differed. Procedural memory was
analyzed with one-way analysis of covariance in order
to control for existing differences in performance across
the groups. A mixed 3 (group) x 4 (quarter) analysis
of variance was used to analyze TOVA response time
and response time variability. As progesterone is strongly
linked to pregnancy status, it could not be a covariate for
ANOVA; therefore the effect of progesterone on memory
was investigated using multiple regression. Effect sizes
were calculated using eta-squared and partial eta-squared
with 95% confidence intervals according to Smithson’s
(2003) method. Effect sizes of .01, .06, and .14 are consid-
ered small, medium, and large in magnitude. In order to
determine which groups differed on ANOVAs, post hoc
Newman—Keuls tests were set at a significance level of p
< .05. All values are given in mean =+ standard deviation
or median and interquartile range (IQR) for transformed
variables.

RESULTS
Participants

The average age in years of the third-trimester (M = 32.2,
SD = 3.6), first-trimester (M = 29.4, SD = 3.3), and con-
trol groups (M =29.3, SD = 5.9) did not differ (p = .09).
Further demographic details for each of the groups are
presented in Table 2. The three groups did not differ in
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TABLE 2
Percentage of participants in each demographic category
Control Tl T3 x° p

Right-handed 87.5 95.0 96.2 1.60 45
Relationship status 25.61** <.001

Married/de facto 37.5 85 92.3

In a relationship 25 15 7.7

Single 37.5 0 0
Has children 25 55 46.2 4.43 11
Tertiary educated 87.5 100 76.9 5.38 .07
Employment 8.20 .09

Full time 50 45 38.5

Part time 50 50 38.5

Unemployed 0 5 23

Note. T1 = first trimester of pregnancy. T3 = third trimester of pregnancy.

*p < .01.

terms of handedness, education level, employment status,
or whether they already had children. However, signifi-
cantly more pregnant women were in a stable relationship
than in the control group.

Intellectual functioning

The third-trimester (T3), first-trimester (T1), and con-
trol groups were equivalent in terms of Verbal and
Performance 1Q, and subsequently Full Scale 1Q did not
differ across the groups (control: M = 114.8, SD = 8.2;
Tl: M =111.1, SD = 8.6; T3: M = 114.1, SD = 10.7),
F(2,67) =0.96, p = .39.

Measures of effort

All participants scored 45 or greater on the second trial of
the TOMM, indicating that no participant was feigning
memory difficulties.

Two control participants scored under the cutoff of
136 on the Rarely Missed Index for Logical Memory
Recognition. However, both of these participants scored
above average on overall General Memory on the WMS—
IIT and were deemed to be giving sufficient effort dur-
ing testing. Several aspects of the RAVLT performance
were analyzed for signs of malingering or reduced effort.
All participants recognized at least 11 words on the
recognition component of the task (Berry & Schipper,
2008) and performed better on recognition than they
had in the first trial (Greiffenstein, Baker, & Gola, 1996)
and delayed recall (Bernard, Houston, & Natoli, 1993;
Flowers, Sheridan, & Shadbolt, 1996), further indicating
that sufficient effort was given towards testing. Also, no
participant demonstrated “exceedingly poor learning” or
“lack of primacy effect” as defined by Barrash, Suhr, and
Manzel (2004) as part of their Exaggeration Index for
auditory—verbal learning tests.

Episodic memory

The means, standard deviations, significance levels, and
effect sizes with 95% confidence intervals for each

between-group comparison on the WMS-III subtests
are presented in Table 3. In terms of immediate mem-
ory, both the third- and first-trimester pregnant groups
performed significantly worse on the Logical Memory
task than did the control group; the effect size for this
difference was large. Although the difference in scores
across groups on the Verbal Paired Associates task
was nearing significance, simple contrast tests showed
that the third-trimester pregnant group scored signifi-
cantly worse than the control group (p = .018). The
groups did not differ on the Faces or Family Pictures
subtests.

On delay, the third- and first-trimester pregnant groups
performed significantly worse on the Logical Memory
task but not on the Verbal Paired Associates task than
did controls. Again, the effect size for the difference on
Logical Memory was large. There was a ceiling effect on
the Verbal Paired Associates task, with 92% of controls,
55% of first-trimester women, and 62% of third-trimester
women recalling all word pairs on delay (see Table 3). The
third- and first-trimester pregnant groups also performed
significantly worse on the recognition components of the
auditory subtests than did the controls; the effect size
for this difference was moderate to large. Again, the
groups did not differ on the Faces or Family Pictures
subtests.

The average number of words recalled on each trial of
the RAVLT by each group is shown in Table 4. Measures
of immediate memory on the RAVLT (Trial 1, Trial 5,
total) differed significantly across the groups, Wilks =
.82, F(6, 130) = 2.32, p = .04, 4> = .10, with confi-
dence intervals from .00 to .16. Specifically, the control
group recalled significantly more words on each trial and
in total for the five trials than did both pregnant groups
(apart from Trial 3 on which the controls recalled signif-
icantly more words than the third-trimester group only).
Measures of delayed memory on the RAVLT also dif-
fered significantly across groups, Wilks = .77, F(6, 130) =
2.96, p = .01, n? = .12, with confidence intervals from .01
to .19. On delay, the control group recalled significantly
more words, recognized significantly more words, and
made fewer false-positive responses on recognition than
did both pregnant groups.
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TABLE 3
Mean (+ SD) of immediate and delayed recall on the WMS—III subtests for each group and level of significance and effect sizes
for between-group comparisons

Subtest Control TI T3 F p Partial n>?

Immediate recall LM 134+ 2.6, 11.6 £ 2.0y 11.4 £2.04 5.95%* .004 15(.02,.27)
VPA 13.1+£1.9 124+23 11.4+£3.0 2.94 .06 .08 (.00, .21)

Faces 11.0£2.7 104 +£1.6 11.7+3.0 1.39 .26 .04 (.00, .14)

Fam Pic 11.3+£22 10.7 £2.8 9.9 +3.1 1.57 22 .05 (.00, .15)

Delayed recall LM 12.6 £2.7, 9.8 £2.7, 11.0 £ 2.6, 6.44** .003 .16 (.02, .30)
VPA® 13 (12.3-13) 13 (10-13) 13(10.8-13) 1.93 15 .05 (.00, .17)

Faces 124429 11.3+27 12.6 £2.1 1.69 .19 .05 (.00, .16)

Fam Pic 11.3+£23 10.7 £3.2 9.8 +£3.1 1.49 23 .04 (.00, .15)

Aud Rec 122427, 10.6 £ 2.5, 10.4 £2.2, 3.71* .03 .10 (.00, .23)

Note. WMS-III = Wechsler Memory Scale-Third Edition. T1 = first trimester of pregnancy. T3 = third trimester of pregnancy. Means
in the same row that do not share subscripts differ at p < .05 in the Newman-—Keuls significant difference comparison. LM = Logical
Memory, VPA = Verbal Paired Associates, Fam Pic = Family Pictures, Aud Rec = Auditory Recognition.

adf =2,67.
959 Confidence intervals given in parentheses (upper, lower).

“Values given as Mdn (IQR) as variable was transformed, where Mdn = median, IQR = interquartile range.

*p <.05.
**p < .01.
TABLE 4
Mean (+ SD) for RAVLT recall and recognition for each group and level of significance and effect sizes for
between-group comparisons

Subtest Control T1 T3 F )4 Partial vw>-"
Trial 1 8.3+2.1, 7.1+ 1.6y 7.0 + 2.0y 3.28* .04 .09 (.00, .22)
Trial 2 13.0 £ 1.6, 11.0£2.2, 113421, 6.90%* .002 17 (.03, .31)
Trial 3 142 +1.3, 133+ 1.7 13.0 £2.04 3.61* .03 .10 (.00, .23)
Trial 4 14.7 4 0.6, 14.0 & 1.0, 13.8+ 1.5, 4.53* 01 .12 (.00, .26)
Trial 5 15.0£0.2, 142+ 1.1y 139+ 1.7, 5.01*%* .009 13 (.01, .27)
Total 65.1 £4.3, 59.5 £ 6.0p 58.9 £ 7.8 6.80%* .002 17 (.03, .31)
Delay 13.1 £2.0, 11.3£3.1y 10.4 £2.7, 7.18** .002 .18 (.03, .32)
Recognition 15 (15-15), 15 (14-15), 15 (14-15), 3.68* .03 .10 (.00, .23)
Recog FP 0(0-0.8), 1(0-3.5), 2 (0-3)p 6.19** .003 .16 (.02, .30)

Note. RAVLT = Rey Auditory Verbal Learning Test. Recog FP = recognition false-positive responses. T1 = first trimester
of pregnancy. T3 = third trimester of pregnancy. Means in the same row that do not share subscripts differ at p < .05 in the

Newman—Keuls significant difference comparison.
adf =2, 67.

95% Confidence intervals given in parentheses (upper, lower).

*p < .05.
*p < .01

The average number of errors made on each trial of
the Austin Maze by each group is shown in Figure 1.
Measures of spatial episodic memory on the Austin Maze
task (Trial 10 errors, learning over trials, total errors) did
not differ across the groups, Wilks = .95, F(6, 130) =
0.59, p = .74, 0? = .03, with confidence intervals from
.00 to .05, and there was no difference in the number of
errors made on delay, F(2, 67) = 1.34, p = .27, n* = .04,
with confidence intervals from .00 to .14.

Procedural memory
Motor Sequence Learning performance for each group

is shown in Figure 2. There were no differences across
groups on the posttraining number of sequences, F(2, 65)

=2.29, p = .11, partial n> = .07, with confidence inter-
vals from .00 to .19, or on posttraining number of errors,
F(2,65) =2.00, p = .14, partial n* = .06, with confidence
intervals from .00 to .18, after controlling for baseline
scores. The difference in number of sequences on delay
after controlling for posttraining scores was nearing sig-
nificance, F(2, 65) = 2.95, p = .06, partial n> = .08, with
confidence intervals from .00 to .21, with simple contrast
tests revealing that the control group performed signif-
icantly better than the third-trimester group (p = .02).
There were no differences across the groups on errors
made on delay after controlling for posttraining scores,
F(2,65)=2.37, p =10, partial n* = .07, with confidence
intervals from .00 to .19.

Mirror-Tracing Task performance for each group is
shown in Figure 3. No differences across groups were
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Figure 1. Mean number of errors (£SE) for the control (n = 24), T1 (n = 20), and T3 (n = 26) groups for each trial of the Austin Maze.
There were no significant differences between groups on any trial of the task. T1 = first trimester of pregnancy. T3 = third trimester of

pregnancy.

Figure 2. Mean number of sequences (£SE) and mean number of errors (£SE) for the control (n = 24), T1 (n = 20), and T3 (n = 26)
groups for baseline, for posttraining, and on delay for the Motor Sequence Learning task. After controlling for posttraining performance,
the control group completed significantly more sequences than the T3 group on delay (p = .02). T1 = first trimester of pregnancy. T3 =

third trimester of pregnancy.

found on time taken to trace the star at posttraining, after
controlling for baseline time, F(2, 60) = 1.16, p = .32,
partial 0> = .04, with confidence intervals from .00 to
.14, or on delay after controlling for posttraining time,
F(2,60) = 1.54, p = .22, partial n? = .05, with confidence
intervals from .00 to .17. There were no differences across
groups on posttraining number of errors after controlling
for baseline errors, F(2, 60) = 0.80, p = .45, partial n> =
.03, with confidence intervals from .00 to .12, or on delay

after controlling for posttraining errors, F(2, 60) = 1.46,
p = .24, partial n? = .05, with confidence intervals from
.00 to .16.

Attention

The average number of omission and commission errors
made by each group did not differ on any quarter of the
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Figure 3. Mean tracing time (+SFE) and mean number of errors (£SE) for the control (n = 24), T1 (n = 20), and T3 (n = 26) groups
for baseline, for posttraining, and on delay for the Mirror-Tracing Task. The groups did not differ on any trial of the task. T1 = first

trimester of pregnancy. T3 = third trimester of pregnancy.

test, and subsequently the total omission errors (control:
M=0.8,SD=25Tl:M=04,SD=0.8;T3: M =0.5,
SD = 0.7) and commission errors (control: M = 8.5, SD
=62, Tl: M=99,SD=8.0,T3: M =117, SD=8.7)
did not differ, Wilks = .93, F(4, 130) = 1.15, p = .34.

As shown in Figure 4, there was no interaction effect
between the three groups and test quarter on the TOVA
for response time, Wilks = .98, F(6, 128) = 0.21, p = .97,
and response time variability, Wilks = .93, F(6, 128) =
0.80, p = .57, indicating that the pattern of performance
over time was similar across groups. A nonsignificant

400 -
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between-subjects effect indicated that the groups did not
differ overall on response time, F(2, 66) = 0.98, p = .31,
or response time variability, F(2, 66) = 1.36, p = .26.

Progesterone

Progesterone level was significantly higher in the third-
trimester pregnant group (Mdn = 413 nmol/L, IQR =
311.5-509.3) than in the first-trimester pregnant group
(68.5, 58.6-82.3), which was significantly higher than that
in the control group (4.2, 2.6-7.9); F(2, 65) = 392.38, p <

40 T T

80 - o
hd
60 - m

Quarter 1 Quarter 2

Quarter 3 Quarter 4

Figure 4. Mean response time (RT) and mean response time variability (RTV) for the control (n = 24), T1 (n = 19), and T3 (n = 26)
groups for each quarter of the Test of Variables of Attention (TOVA). The groups performed equivalently on each quarter of the test.
Vertical lines depict standard errors of the mean. T1 = first trimester of pregnancy. T3 = third trimester of pregnancy.
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.001, 0> = 0.92. Within the control group, progesterone
level was not associated with verbal, visual, or procedural
memory. After combining the third- and first-trimester
pregnant groups, progesterone significantly explains an
additional 19.5% of the variance in Logical Memory
immediate recall, F(1, 42) = 10.26, p = .003, and 13%
in the Trial 1 score on the RAVLT, F(1, 42) = 6.26, p =
.016, over and above that explained by number of weeks
gestation. In both instances, increased progesterone level
was related to decreased memory performance (pr = —.44
and —.36, respectively).

Mood state

The average DASS-21 scores for each group are shown
in Table 5. Mood did not differ across the groups, Wilks
= .88, F(6, 128) = 1.46, p = .20, n* = .06, and depres-
sion, anxiety, and stress did not show any significant
associations with memory variables.

Primiparous versus multiparous

Within the pregnant sample, there were 23 primiparous
women (T3:n=14; Tl: n=9) and 23 multiparous women
(T3: n=12; Tl: n = 11). Comparison of the primiparous
and multiparous participants on measures of 1Q, episodic
memory, and procedural memory revealed no significant
differences.

Subjective memory abilities

Both pregnant groups reported a significantly greater
fall in memory quality on average than did the control
group. However, as shown in Table 6, this was because the
third-trimester group rated their general memory as sig-
nificantly better than controls, but their current memory
as equivalent.

A total of 60% of women in the first trimester and
80.8% of women in the third trimester of pregnancy
reported a change in their ability to recall or remem-
ber things since becoming pregnant, as compared to only
25% of controls (x> = 15.94, p < .001). A total of 75%
of women in the first trimester of pregnancy reported a

change in attention and concentration, which was signif-
icantly more than the third-trimester group (61.5%) and
controls (33.3%; x2 = 8.25, p = .02). Memory lapses were
reported by 65% of the first-trimester group, significantly
more than the third-trimester (46.2%) and control groups
(25%; x> =17.13, p = .03).

DISCUSSION

The results of the current study indicate that women
in the first and third trimesters of pregnancy demon-
strate reduced performance on episodic memory tasks
compared to the control group. In particular, pregnant
women performed significantly worse on verbal memory
tasks comprising paragraph recall, word-list recall, and
verbal recognition than did nonpregnant women, sup-
porting previous work (de Groot et al., 2006; Keenan
et al., 1998; Sharp et al., 1993). In addition, these group
differences persisted after a long delay of time. The degree
of reduction in scores demonstrated by the pregnant
women on these tasks appears to be small, although
the magnitudes of the effect sizes of these differences
were all moderate to large. Apart from the word-pairs
task (on which only third-trimester women had diffi-
culty), the first- and third-trimester pregnant women
performed similarly on verbal memory tasks, supporting
earlier studies showing consistent performance spanning
across pregnancy trimesters (de Groot et al., 2003; de
Groot et al., 2006; Sharp et al., 1993). Primiparous
and multiparous women did not perform differently on
any memory task, supporting the contention that mem-
ory performance is unrelated to prior pregnancy history
(Casey et al., 1999; McDowall & Moriarty, 2000; Parsons
et al., 2004; Sharp et al., 1993).

Our findings contrast those that found no differences
on verbal memory tasks between pregnant women and
controls (Brindle et al., 1991; Casey et al., 1999; Crawley
et al., 2003; Janes et al., 1999). However, closer inspection
of these methodologies revealed that most measured only
recognition memory, whilst another used word lists com-
prising semantic categories presented in both verbal and
visual modalities. These cued memory tasks are less diffi-
cult than free recall and may explain why no differences
in performance between pregnant women and controls
could be found.

TABLE 5
Median scores on the DASS-21 for each group and level of significance and effect sizes for
between-group comparisons

Control TI T3 F P "’
Depression 2(0-4) 2 (2-5.5) 2(0-4) 0.43 .65 .01
Anxiety 1(0-4) 2(0-4) 4 (0-6) 1.72 .19 .05
Stress® 9.6+5.9 84479 83+63 0.26 77 .01

Note. Values are medians, with interquartile range (IQR) in parentheses. DASS-21 = Depression
Anxiety Stress Scale-short version. T1 = first trimester of pregnancy. T3 = third trimester of
pregnancy. Normal range: Depression = 0-9, Anxiety = 0-7, Stress = 0-14.

adf =2, 67.
YValues given as mean + standard deviation.
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TABLE 6
Mean (+ SD) for reported memory quality for each group and level of significance and
effect sizes for between-group comparisons

Control T1 T3 F )4 "’
Past 2 weeks 6.6+£1.2 6.0£1.6 6.5+£2.0 0.96 .39 .03
Generally 7.1+ 1.1, 7.5+ 1.6 4 83+1.2 5.19** .008 13
Difference 0.4+0.8, 1.5+ 1.2 1.7 £ 1.5 7.70%* .001 .19

Note. Memory quality was rated on a scale of 1 (extremely poor) to 10 (extremely good). Means
in the same row that do not share subscripts differ at p < .05 in the Newman-Keuls significant
difference comparison. T1 = first trimester of pregnancy. T3 = third trimester of pregnancy.

agf =2, 67.
“p < 01.

Pregnant women did not show deficits on any of the
visual memory tasks, performing similarly to the non-
pregnant women. This study is the first to investigate pro-
cedural memory performance during pregnancy. Overall,
both pregnant groups were unimpaired on measures of
procedural memory, apart from a slightly slower per-
formance by the third-trimester pregnant group on the
delayed component of Motor Sequence Learning.

Pregnant women were more likely than controls to
notice a recent change in their memory quality. However,
as found by Christensen et al. (1999), this difference in
the women’s ratings appear due to pregnant women over-
rating their memory level before pregnancy rather than to
underrating their current memory.

Successful completion of memory tasks involves effec-
tive encoding, storage, and retrieval of information.
Reduced immediate recall on all verbal memory tasks by
the pregnant groups relative to the controls suggests defi-
ciencies in the encoding process, resulting in a relatively
decreased immediate memory span. Despite a reduced
immediate memory span, pregnant women displayed nor-
mal rates of learning over trials. Comparing the delayed
scores to the immediate scores, the first-trimester group
showed a higher degree of forgetting on the paragraph
recall task, whereas the third-trimester group had a
higher degree of forgetting on the word-list task than did
the nonpregnant women. Reduced recognition memory
on story recall further implicates encoding problems, but
satisfactory recognition memory on the word list suggests
that retrieval problems may also contribute to memory
difficulties. A high number of false-positive responses
on recognition suggests a disorganized encoding style,
making retrieval less reliable.

The potential cause of memory-related difficulties dur-
ing pregnancy is up for debate. The possibility that
pregnant women are more susceptible to attentional
fluctuations was not supported by our findings. First,
pregnant women did not show deficits in sustained atten-
tion on testing, and verbal recall differences persisted
despite this. However, it is acknowledged that testing
in the laboratory setting differs from the real world, in
which pregnant women may be more introspective and
readily distractible. Mood state was also unrelated to
memory performance, with relatively substandard verbal
recall in the absence of mood disturbance demonstrat-
ing that even pregnant women with sound mental health

may experience memory-related difficulties. In regard to
the potential influence of hormonal change, higher pro-
gesterone levels were weakly to moderately related to
poorer performance on immediate paragraph and word-
list recall. However, progesterone level explained less than
20% of the variance in these tasks, implying that several
other factors are involved.

There is also the discordant finding that only ver-
bal episodic memory was affected within the pregnant
groups, and not visual episodic or procedural memory.
Although our study design does not allow for attribution
of causality to this discrepancy, we could speculate that as
different kinds of memory are thought to have different
functional and neuroanatomical systems (Smith, 2001),
some neurotransmitter or hormone is acting differently
on those areas involved in verbal memory (such as the left
hippocampus and nearby cortical areas), as compared to
the brain regions thought to be involved in visual and
procedural memory (such as the right hippocampus and
temporal lobe, and the neostriatum; Knowlton, Mangels,
& Squire, 1996). Conversely, the differences between ver-
bal and visual memory performance may be the result
of differences in task difficulty, in that pregnant women
may only be underperforming on tasks perceived as more
challenging and overwhelming. As mentioned, this study
represents the initial findings of an investigation into
the impact of sleep on memory consolidation, and it is
possible that sleep difficulties during pregnancy explain
group differences on delayed memory performance. This
hypothesis is currently under investigation by the authors.

It has been argued that women may subconsciously
perform more poorly due to cultural expectations of cog-
nitive decline during pregnancy (Crawley et al., 2008).
Incorporating well-validated tests of malingering into our
methodology revealed that all pregnant participants in
this study were giving sufficient conscious effort towards
testing. Unfortunately, sensitivity issues with symptom
validity tests such as the TOMM have been raised (Greve,
Ord, Curtis, Bianchini, & Brennan, 2008), although the
TOMM has been shown to have similar predictive rates
to those of other tests of malingering (Greiffenstein,
Greve, Bianchini, & Baker, 2008). Furthermore, a slightly
diminished performance resulting from negative cogni-
tive expectations may go undetected by symptom validity
testing, and therefore this cannot be ruled out as a
contributing factor.
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The results from the current study should be inter-
preted with caution. The participant groups in this study
averaged a Full Scale IQ within the above-average range
and were well educated. While above-average intellectual
functioning generally translated to above-average verbal
memory scores for the control group, observed weak-
nesses on verbal recall and recognition in the pregnant
groups generally reduced their performances to within
the average range. Although these group differences are
statistically significant, the question is whether they are
clinically important. Despite the long test battery admin-
istered, the pregnant women in this study were still able to
perform within normal limits. However, 72% of the preg-
nant women reported a change in their ability to recall or
remember things since becoming pregnant. It is possible
that even these small differences may be noticeable, with
the pregnant woman finding that her abilities are not up
to their usual standard.

Although minor, the observed shortfalls on verbal
episodic memory tests and even the perception of mem-
ory difficulties may have implications for tasks of every-
day living for pregnant women. Pregnant women may
lack confidence in their memory abilities and benefit
from the use of compensatory techniques such as mak-
ing lists and using pictorial aids. Differences in verbal
memory between the pregnant and nonpregnant women
were mostly due to a reduced immediate memory span,
so those who feel their memory is below par may want
to avoid overwhelming themselves with too much infor-
mation at one time. Given the inconsistencies in current
literature, women should be reassured that significant
memory loss is not a proven “side effect” of pregnancy,
and they should generally be able to function as per
usual. On this note, visual memory, repetitive learning,
and procedural memory remain unaffected. Approaching
motherhood, the pregnant woman has much to learn and
many new skills to master, so her ability to improve learn-
ing with repetition and to master “how to” tasks without
difficulty is important.

A limitation of the current study is its cross-sectional
rather than longitudinal design, mostly as a consequence
of the broader study that involves overnight sleep stud-
ies. Longitudinal memory research is also difficult due to
a paucity of rigorous memory tests with multiple equiv-
alent forms (Lezak et al., 2004). In this study, the delay
period for memory testing was approximately 9 hours
compared to 30 min for standardized testing. Our results
therefore may be difficult to compare to previous and
future research in this area. However, even with a lengthy
delay period, performances were generally within the nor-
mal ranges, and it could be argued that a longer delay
period is more realistic to real-world demands than the
standard 30 minutes. Recruitment difficulties due to the
broader study requirements resulted in a reduced sam-
ple size. The sample size in this study had less than
a 50% chance of finding a medium effect of .06 at a
significance level of .05. There is potential that small dif-
ferences in visual memory may have been undetected due
to insufficient power.

Future research is needed to disentangle the discrepant
findings on research into memory during pregnancy. If

pregnancy can be associated with a particular pattern of
memory dysfunction, then ways to overcome their impact
on everyday functioning can be developed. The cause
of memory differences during pregnancy such as those
found in this study still remains to be discovered.

The current study has demonstrated that early and late
pregnancy is associated with reduced verbal memory per-
formance compared to nonpregnant woman, mostly as a
consequence of a reduced immediate span. On the other
hand, visual and procedural memory remains intact.
Attention difficulties and mood disturbance were ruled
out as possible contributors to these findings, but proges-
terone was found to play a small role. The implications
of this research are important for prenatal health and
education, in that pregnant women can be reassured that
any memory difficulties experienced should be minor, and
that those with actual or even perceived memory prob-
lems can be taught compensatory techniques to improve
confidence in their abilities.
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Decreased sleep efficiency, increased wake after sleep onset and
increased cortical arousals in late pregnancy

Danielle L. WILSON,"? Maree BARNES,?> Lenore ELLETT,* Michael PERMEZEL,*>
Martin JACKSON! and Simon F. CROWE!

LSchool of Psychological Science, La Trobe University, Bundoora, *Institute for Breathing and Sleep, Austin Health, Heidelberg,
3 Department of Medicine, University of Melbourne, Parkville, *Department of Obstetrics and Gynaecology, Mercy Hospital for Women,
Heidelberg, and > Department of Obstetrics and Gynaecology, University of Melbourne, Parkville, Victoria, Australia

Background: Anecdotal reports of sleep disturbance during pregnancy are abundant; however, objective measurement of
sleep changes has so far produced conflicting results.

Aims: To objectively measure sleep architecture and investigate subjective sleep quality in the first and third trimester of
pregnancy, when compared to the nonpregnant state.

Methods: Twenty-seven women in the third trimester of pregnancy, 21 women in the first trimester of pregnancy and 24
nonpregnant control women underwent overnight polysomnography and completed questionnaires regarding sleep quality
and mood.

Results: Women in the third trimester of pregnancy had poorer sleep efficiency, more awakenings, less stage 4 sleep,
more stage 1 sleep and fewer minutes in rapid eye movement sleep when compared to the control group. Cortical
arousals were seen more often during pregnancy, particularly in response to respiratory events and limb movements.
Sleep during the first trimester was affected to a lesser extent, with more wake time after sleep onset and less stage 4
sleep when compared to the controls.

Conclusions: Sleep during pregnancy is compromised by higher amounts of wake and cortical arousals leading to sleep
fragmentation, with greater amounts of light sleep and less deep sleep. Mood state did not have an effect on sleep. Given
the impact of sleep on well-being, this study increases our understanding of the characteristics of sleep during pregnancy,
to help recognise when severe sleep disruption may warrant referral to a specialist for appropriate diagnosis and

treatment.

Key words: awakenings, cortical arousal, polysomnography, pregnancy, sleep efficiency.

Introduction

Pregnancy is marked by considerable physiological changes
and a multitude of symptoms, many of which are likely to
disrupt sleep. Research utilising self-reported questionnaires
has demonstrated that sleep complaints are more frequent
during pregnancy when compared to the nonpregnant state'
and that sleep disturbance increases as pregnancy
progresses.> Frequent night awakenings are reported by as
many as 90% of women by the end of pregnancy,® owing to
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general discomfort and pain, urinary frequency, nausea and
vomiting, foetal movements and shortness of breath.>?
However, self-report methodologies are limited by their
subjective nature and may be prone to bias, as the pregnant
women may be more aware of changes in sleeping habits
owing to cultural expectations of sleep deprivation during
pregnancy. Furthermore, people who believe they have a
sleeping problem will tend to overestimate the extent of their
sleep disruption.®”

Polysomnography (PSG) has been utilised to objectively
measure sleep changes during pregnancy. The use of
electroencephalography (EEG) together with the use of
electromyogram and electrooculogram (EOGQG) allows sleep
to be classified into different stages according to objective
criteria.® Rapid eye movement (REM) sleep is characterised
by cortical activation, the presence of rapid eye movements
and a global aboliion of muscle tone,” and is often
associated with dreaming. Non-REM (NREM) sleep is
subdivided into four stages; stages 1 and 2 correspond to
light sleep and stages 3 and 4 are often referred to as slow
wave sleep (SWS) or deep sleep and show an increase in

© 2010 The Authors
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slow oscillations and decreased muscle tone as sleep
deepens.’

Alterations in REM sleep associated with pregnancy have
ranged from a reduction compared to nonpregnant
controls,!®!! a reduction from early to late pregnancy,12
through to showing no significant differences.®'>!* Slow
wave sleep changes during pregnancy vary from a decrease
in comparison with prepregnancy baseline measures'® and
nonpregnant women,'*'*!> to no consistent changes across
trimesters'? and even to an increase in SWS.!° Documented
changes in stage 1 sleep associated with pregnancy have also
been inconsistent.! 1214

Sleep efficiency (defined as time spent sleeping as a
percentage of time spent in bed) is often reduced during
pregnancy and declines further as pregnancy advances,'?!?
mostly as a result of increased time spent awake after sleep
onset.'®'? Earlier PSG studies found longer sleep latencies
(the time taken to fall asleep) during the last month of
pregnancy;!® however, more recent studies have failed to
support this observation.!%!"! Cortical arousals from sleep
are characterised by brief abrupt changes in EEG frequency
(suggestive of an awake state), which results in sleep
fragmentation;'® the occurrence of these during pregnancy
has yet to be reported on.

This lack of consistent findings may be because of
generally small sample sizes and differences in methodology
such as cross-sectional versus longitudinal design and
laboratory-based versus home-based PSG. Furthermore, the
effect of parity is rarely considered or reported upon.!”

Pregnancy is accompanied by dramatic hormonal changes,
which have significant potential to impact on sleep quality.
One of the most responsive hormones is progesterone,'®
with previous research suggesting it has a soporific or
sedative effect,’®'® and may induce significant increases in
Non-REM sleep.?® However, knowledge of the effects of
progesterone on human sleep mostly comes from the study
of the application of exogenous hormones,>’ and clinical
studies tend to limit their samples to men or postmenopausal
women.””* It remains uncertain how the substantial
increase in progesterone during pregnancy may affect sleep.

Depressive symptomatology in the prenatal period is a
significant problem with reported prevalence rates between 14
and 37%.%>%° Pregnant women identified as being depressed
report poorer sleep quality than their nondepressed
counterparts,”®?’ and researchers have also begun to assess
sleep deprivation as a contributor to both prenatal’’?® and
postnatal mood changes.?>*° There is potential that mood
disturbance may account for some of the variation in altered
sleep patterns during pregnancy, and vice versa.

Additionally, primary sleep disorders may be more
prevalent during pregnancy and impact on sleep quality.
Several studies show reported increases in snoring during
pregnancy,’'™° and although the prevalence of obstructive
sleep apnoea during pregnancy is unknown there is strong
suggestion that this condition may be more common during
pregnancy.>*3® Restless legs syndrome affects around a
quarter of women during pregnancy,””>® and many people
with restless legs syndrome also suffer from a distinct

© 2010 The Authors

condition known as periodic limb movements during sleep.
The prevalence of periodic imb movements during sleep
during healthy singleton pregnancy is unknown; however,
Dzaja et al.®® recently showed that restless legs syndrome
during pregnancy is associated with increased amounts of
periodic limb movements during sleep.

The potential for sleep disruption to impact on quality of
life may be particularly detrimental to the pregnant woman
who is preparing for the important task of child-rearing.
Previous PSG studies during pregnancy have focussed on
changes in sleep efficiency and sleep stage architecture
without attempting to account for these changes. These
studies have also neglected to investigate cortical arousals
during sleep and the potential causes of these. The purpose
of this study was to investigate both objective and subjective
changes in sleep patterns associated with early and late
pregnancy when compared to the nonpregnant state and to
address limitations in previous PSG studies by investigating
cortical arousals and accounting for possible influences on
sleep such as hormonal change, mood state and parity.

Methods

The Human Research Ethics Committees at Austin Health,
Mercy Hospital for Women and I.a Trobe University in
Melbourne, Victoria, Australia approved this study, and
informed consent was obtained from all participants. Four
hundred and thirty pregnant women from the Outpatient
Obstetrics Clinic at the Mercy Hospital for Women were
consecutively approached to participate in the study, of these
58 agreed. The reasons for declining participation were
typically an unwillingness to have a sleep study and inability
to be away from home overnight because of family
responsibilities. Ten pregnant women withdrew from the
study prior to data collection because of pregnancy-related
complications or inability to attend the sleep laboratory.
Nonpregnant control women were recruited from
advertisements in the Austin Health newsletter and from
friends of the pregnant participants. The participant
exclusion criteria were multiple or complicated pregnancy,
significant medical, psychological or psychiatric disorder
diagnosed by a health professional, a previously diagnosed
sleep disorder (eg obstructive sleep apnoea, insomnia,
hypersomnolence), or current use of anti-depressant
medication. During the recruitment phase, only one
pregnant woman was excluded from participation because of
depression, and one nonpregnant woman was excluded
because of a prior history of encephalopathy. In total, 27
women in the third trimester of pregnancy (T3; 30—
38 weeks gestation), 21 women in the first trimester of
pregnancy (T'1; 9-14 weeks gestation) and 24 nonpregnant
women (control group) participated in the study.

Polysomnography

Overnight PSG was conducted in-laboratory to control for
variations in potential external disruptions in the home
environment. PSG  was performed using the Somté
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(Compumedics, Abbotsford, Australia) portable sleep-
monitoring device to provide greater comfort to the
participants.  Portable  sleep-monitoring  systems  are
commonly used in clinical settings and have been shown to
have a high level of agreement with standard laboratory-
based systems.*®*! Signals measured included EEG, EOG,
nasal airflow measured via nasal cannula, arterial oxygen
saturation, thoracic and abdominal respiratory effort, snore,
body position, leg movements and heart rate. PSG
recordings were sleep staged by a single experienced sleep
technologist who was blinded to pregnancy status, in
accordance with standard criteria.® Variables of sleep
included total sleep time, sleep efficiency (defined as total
sleep time/total dark time), sleep latency (defined as 3
epochs of stage 1 sleep or 1 epoch of any other sleep stage),
REM sleep latency, number of awakenings during sleep and
wake after sleep onset. In addition, sleep stage 1, 2, 3, 4 and
REM were expressed in minutes as well as a percentage of
total sleep time. Arousals were measured in accordance with
the rules set out by the American Sleep Disorders
Association (ASDA) Adas Task Force!® and were
categorised as to whether they were associated with a
respiratory event, a limb movement or were spontaneous.
Participants were woken eight hours after lights out time and
asked whether they had slept worse, the same or better than
usual. Morning blood was taken for serum progesterone
levels. All but two of the control participants were in the
follicular phase of the menstrual cycle.

Subjective sleep quality and mood

Participants completed a questionnaire developed for this
study, rating their current (over the past fortnight) and
general (or when not pregnant) sleep quality on a scale of
1-10, and answered questions pertaining to usual sleep
duration, sleep latency, difficulties falling asleep and reasons
for overnight awakenings. Reasons for overnight awakenings
such as discomfort or back pain were rated for how
frequently they occurred, on a scale of ‘always’, ‘often’,
‘rarely’ or ‘never’. For statistical analysis, ‘always’ and ‘often’
responses were combined and ‘rarely’ and ‘never’ responses
were combined to create a dichotomous variable.

Table 1 Demographic variables

Current state of depression, anxiety and stress was
measured with the Depression Anxiety Stress Scale — Short
version (DASS21).*? Each of the three scales has seven
items that are scored on a 4-point severity/frequency scale
to rate the extent to which they have experienced each state
over the past week. The scores for the short version are then
doubled; the score range for each scale is 0-42. Internal
consistency of the DASS21 using Cronbach’s alpha has
been shown to range from 0.88 to 0.94 for the Depression
scale, from 0.82 to 0.87 for the Anxiety scale and from 0.90
to 0.91 for the Stress scale.**** The DASS21 evidences
good convergent and discriminant validity when compared
with other validated measures of depression and anxiety. ***>

Statistical analysis

All statistical analyses were performed with the Statistical
Package for Social Sciences 15.0 (SPSS Inc., Chicago, IL,
USA). Data were tested for linearity and normality and non-
normally distributed variables were log transformed apart
from progesterone level which was subjected to inverse
transformation. Chi-square tests, multivariate analysis of
variance and univariate analysis of variance were conducted
on the variables of interest. As progesterone is strongly
linked to trimester of pregnancy, its influence on sleep
needed to be investigated separately for each group with
regression analyses. Effect sizes were calculated using partial
eta squared (n%). Effect sizes of 0.01, 0.09 and 0.25 are
considered small, medium and large in magnitude.*® To
determine which groups differed on aNova, post hoc Tukey
tests were set at a significance level of P < 0.05. All values
are given in means with standard deviations (M £ SD) for
normally distributed variables and median (Mdnr) and
interquartile range (/OR) for non-normally distributed
variables.

Results
Participants

Participants were approximately 30 years old and were
within a healthy weight range according to prepregnancy

Control (n = 24)

Age* 293 +£59
Prepregnancy BMI* 239 +32
Married/De Facto (%) 37.5
Nulliparous (%) 75.0
Tertiary educated (%) 87.5
Employed (%)

Full time 50.0

Part time 50.0

Not employed 0.0

T1 (n = 21) T3 (n = 27) P
29.6 +3.4 323435 0.06
254 %54 234 %25 0.22
85.7 92.6 <0.001%*
42.9 55.6 0.09

100.0 77.7 0.07
429 40.7 0.06
52.4 37.0

43 222

Data are mean + SD. T, first trimester; T3, third trimester; BMI, body mass index.
*P values associated with univariate ANovA. All other P values associated with chi-square tests.

**P < 0.01.
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Table 2 Means (£SD) for sleep variables for each group

Control (n = 24) T1 (n=21) T3 (n=27) Partial »? P
Sleep efficiency (%) 90.0 *+ 6.4 84.9 + 8.0 80.1 + 13.5 0.15 0.004*
Sleep latency (min) 17.0 £ 19.1 19.9 £ 16.6 17.5 £ 12.8 0.01 0.82
REM latency (min) 133.3£433 118.3 £ 60.9 126.1 £ 55.0 0.01 0.65
WASO (mins) 28.0 £ 19.5 49.4 £ 355 62.2 £ 36.8 0.18 0.001%+
Arousals/ht 8.8 (7.2-10.9) 10.6 (7.6-15.8) 14.6 (10.7-18.9) 0.23 <0.001§
Resp Arousals/hF 0.9 (0.5-2.3) 1.3 (0.4-2.0) 2.4 (1.3-4.7) 0.13 0.009§
Limb Arousals/ht 1.2 (0.5-2.4) 0.8 (0.5-2.4) 2.1 (1.3-4.8) 0.13 0.009§
Spont Arousals/h 59+22 79134 8.11%5.1 0.07 0.10
No. of awakenings 15.3 £ 4.1 16.0 £ 4.7 18.8 £ 6.8 0.08 0.053
Stage 1 (min) 278+ 122 30.3 + 15.7 353+ 15.4 0.05 0.18
Stage 2 (min) 167.1 £39.4 165.7 £ 43.7 161.7 £ 40.8 0.003 0.89
Stage 3 (min) 77.8 £27.7 84.9 + 38.1 66.9 + 28.3 0.06 0.14
Stage 4 (min) 79.6 £ 20.0 61.6 £27.0 54.5 +23.8 0.18 0.001*
REM sleep (min) 75.0 £ 18.1 64.4 £ 15.5 60.1 £ 22.5 0.10 0.02*
%TST supine 33.1 £23.0 41.0 + 23.6 19.1 £ 153 0.17 0.002§
Progesterone (nmol/L)¥ 4.2 (2.6-7.9) 68.5 (58.6-82.3) 415 (316.3-538.4) 0.92 <0.001*

*Control vs T3 — P < 0.05; tcontrol vs T1 and T3 — P < 0.05; §control and T'1 vs T3 - P < 0.05.

FValues given as Mdn (IQR) as variable was transformed.

Effect size and probability associated with univariate ANova with post hoc Tukey tests set at P < 0.05.
WASO, Wake after sleep onset; REM, rapid eye movement; Resp, Respiratory; Spont, Spontaneous; % TST, Percentage of total sleep time.

body mass index (BMI) and there was a high prevalence of
tertiary educated women (Table 1). The three participant
groups did not differ in terms of employment status or
parity; however, a significantly higher percentage of pregnant
women were partnered compared to the control group.

Objective sleep measurement

Multivariate analysis of variance revealed that measures of
sleep fragmentation [sleep efficiency, wake after sleep onset
(WASO), number of awakenings and arousals/h] differed
significantly across the groups (Wilks = 0.69, F(8,132) =
3.43, P = 0.001, see Table 2). In particular, women in the
third trimester of pregnancy had significantly poorer sleep
efficiency than the controls and significantly more cortical
arousals per hour than either the first-trimester women or
controls. Wake after sleep onset was significantly less in the
control group when compared to both pregnancy groups.

Further analysis of cortical arousals revealed that women
in the third trimester of pregnancy had significantly more
respiratory and limb movement-related arousals per hour
when compared to the nonpregnant and first-trimester
women, whereas spontaneous arousals did not differ across
groups (see Table 2). It was subsequently found that
significantly more third-trimester pregnant women had an
Apnoea/Hypopnoea Index per hour >5 when compared to
the first-trimester women and controls (30.8% vs 23.8% vs
4.2%, P < 0.05). Similarly, significantly more third-trimester
women had a Periodic Leg Movement index of >5 per hour
when compared to the first-trimester women and controls
(29.6% vs 9.5% vs 4.2%, P = 0.03).

Multivariate analysis of variance on minutes spent in each
stage of sleep (stage 1, 2, 3, 4 and REM) showed that sleep
architecture differed significantly across the three groups

© 2010 The Authors

(Wilks = 0.65, F(10,130) = 3.08, P = 0.002; see Table 2).
Women in the third trimester of pregnancy spent
significantly less time in REM sleep and stage 4 sleep when
compared to the control group. Multivariate analysis of
variance on the percentage of total sleep time spent in each
stage of Non-REM sleep (stage 1, 2, 3 and 4) also differed
significantly across the groups (Wilks = 0.73, F(8,132) =
2.86, P = 0.006; see Fig. 1). Women in the third trimester
of pregnancy spent a significantly greater proportion of total
sleep time in stage 1 sleep but a significantly smaller
proportion in stage 4 sleep when compared to the first-
trimester or control groups. There was no difference

100
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[ stage 3
Stage 4
60 [ REM
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Figure 1 Mean percentage of total sleep time (TST) in each
sleep stage for the control (n=24), T1 (n=21) and T3
(n = 27) groups. The T3 group had a significant increase in
stage 1 sleep (*P = 0.02) compared to the T1 and control
groups, and the T3 and T1 groups had a significant reduction in
stage 4 sleep (**P = 0.02) compared to the control group.
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between groups in the percentage of total sleep time spent in
REM sleep.

As shown in 'Table 2, sleep latency and REM sleep
latency were comparable across groups. Sleeping position
differed significantly, with third-trimester women spending
less time in the supine position when compared to the first-
trimester or control groups.

In terms of perceived sleep quality for the PSG study,
71% of the third-trimester group said they slept similar to
usual, compared to 43% of the first-trimester group and
only 25% of the control group. Alternately, 70% of the
control group said they slept worse than usual, compared to
57% of the first-trimester group and 29% of the third-
trimester group. This difference in perceived sleep quality
was significant (P = 0.03).

Nulliparas vs multiparas

As shown in 'Table 3, nulliparous women in the third
trimester had significantly poorer sleep efficiency than
multiparous women in the third trimester of pregnancy. This
appears mostly because of more time in stage 2 sleep in the
multiparous women. No other measures of sleep differed
across the groups.

Progesterone

Progesterone level differed across the groups in accordance
with pregnancy state (see Table 2). Within the control
group, higher progesterone levels were associated with fewer
awakenings during sleep (r=-0.51, F(1,21) = 7.48,
P =0.01). Progesterone was unrelated to sleep quality
within the first-trimester group. Within the third-trimester
group and after accounting for gestational age, progesterone
significantly explained an additional 18.3% of the variance in
the percentage of time in stage 2 sleep (r= -0.50,
F(1,23) = 5.63, P = 0.03), 17.1% in number of awakenings

(r=0.34, F(1,23) =4.77, P=0.04) and 15.9% in wake
after sleep onset (r = 0.40, F(1,23) = 4.43, P = 0.046).

Mood state

On average, all groups scores within the normal range for
depression (Control — Mdn (IOQR) = 2.0 (0.0-4.0), T1 = 2.0
(2.0-5.5), T3 =20 (0.0-3.5), anxiety (Control — Mdn
(IQOR) = 1.0 (0.0-4.0), T1 = 2.0 (0.0-4.0), T3 =4.0 (0.0-
6.0) and stress (Control — Mdn (IOR) = 9.0 (6.0-12.0),
T1 =70 (2.0-13.0), T3 = 6.0 (4.0-12.0). A multivariate
analysis of variance showed no differences in mood status
across the groups (Wilks = 0.86, F(6,126) = 1.67, P> 0.1)
and depression and stress were not associated with any sleep
variables. Anxiety showed a significant but weak negative
correlation with minutes spent in stage 1 sleep (r = —0.26,
P =0.03).

Subjective sleep quality

Women in the third trimester of pregnancy reported a
significantly greater reduction in sleep quality over the past
six months when compared to the control group (T3:
2.6 + 1.7; control: 1.0 £ 1.0; F(2,69) = 7.02, P = 0.002).
As shown in Table 4, reported average sleep duration, sleep
latency, and daytime tiredness did not differ between the
groups. There was a trend for more third-trimester women
to report difficulty falling asleep when compared to first-
trimester women or controls. Pregnant women reported
significantly more overnight awakenings compared to the
controls and were more likely to report difficulty falling back
asleep. Third-trimester pregnant women were more likely to
report frequently waking during the night because of
discomfort, back pain and leg cramps when compared to
controls or first-trimester women. Awakening because of
urinary frequency was reported often for both pregnant
groups.

Table 3 Means (£SD) for sleep variables by pregnancy trimester and parity

First trimester

Third trimester

Nulliparous Multiparous

(n=9) (n=12)
Sleep efficiency (%) 838+ 7.2 85.7 £ 8.9
WASO (min) 55.4 + 36.3 44.9 + 358
No. of awake 154 +22 16.4 + 6.0
Arousals/ht 10.6 (6.1-15.8) 11.0 (8.8-16.2)
Stage 1 (min) 33.1 £ 156 28.2 £ 16.2
Stage 2 (min) 149.6 + 30.6 177.8 + 49.1
Stage 3 (min) 88.2 + 42.6 82.5 + 36.0
Stage 4 (min) 68.8 +20.4 56.2 + 30.8
REM sleep (min) 63.4 1+ 139 65.0 £ 17.1

Nulliparous Multiparous
(n = 15) (n=12) Partial n? P
752+ 15.2 86.4 + 7.6 0.18 0.03*
77.1 £ 37.9 43.7 £ 26.5 0.16 0.052
193 £ 6.0 18.2 £ 8.0 0.06 0.42
15.0 (12.7-18.9) 13.2 (9.2-19.0) 0.14 0.08
320t 154 39.5 £ 149 0.07 0.36
1454 + 43.1 182.2 £27.3 0.16 0.04%
66.3 £ 26.8 67.7 £ 31.1 0.08 0.33
57.9 + 25.6 50.3 £ 21.7 0.06 0.43
53.8 £ 21.1 68.0 £ 22.4 0.09 0.26

*T3 nulliparous vs T'3 multiparous — P < 0.05.

tValues given as Mdn (IQR) as variable was transformed.

F#T3 nulliparous vs T3 multiparous — P < 0.09

Effect size and probability associated with univariate ANova with post hoc Tukey tests set at 2 < 0.05.
WASO, Wake after sleep onset; awake, awakenings; REM, Rapid eye movement.
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Table 4 Percentage of participants reporting sleep-related problems and reported frequency of causes of night awakenings in each group

Complaint (%) Control (n = 24) T1 (n=21) T3 (n=27) P
Sleep-related problems
<8 h sleep per night 79.2 71.4 74.1 0.83
Sleep latency >20 mins 25.0 28.6 44.4 0.29
Difficulty falling asleep 12.5 9.5 37.0 0.06
Tiredness 70.8 95.2 92.6 0.11
Difficulty falling asleep after waking 8.3 47.6 63.0 0.001*
No. of awakenings
None 25.0 4.8 3.7 0.001*
1-2 66.7 57.1 29.6
3-4 8.3 28.6 44.4
5+ 0.0 9.5 22.2
Cause of night awakenings
Uncomfortable 29.2 23.8 66.6 0.009*
Need to urinate 16.7 76.2 70.3 0.001*
Back pain/leg cramps 4.2 10.0 37.0 0.005*
Body temperature 20.8 20.0 18.5 0.98
Shortness of breath 0.0 5.0 3.7 0.28
Children/partner 26.0 45.0 18.5 0.07
*P < 0.01.

Chi-square test.

P < 0.05 values for causes of night awakenings given as the percentage of participants responding with ‘often’ or ‘always’.

Discussion

The results of our study show that sleep in the third trimester
of pregnancy is characterised by decreased sleep efficiency,
increased wake after sleep onset and increased cortical
arousals. The deepest stage of sleep, stage 4, is reduced and a
higher proportion of sleep time is spent in stage 1 sleep when
compared to the first-trimester or the nonpregnant state.
Furthermore, this study found that third-trimester pregnant
women spend less time in REM sleep compared to
nonpregnant women, generally as a consequence of their
reduced overall sleep efficiency rather than an alteration in
the structure of their sleep stages. No differences in sleep
latency or REM sleep latency were found. Women in the first
trimester of pregnancy also spend more time awake after
sleep onset and spend a lesser proportion of their sleep in
stage 4 sleep when compared to nonpregnant women. Sleep
efficiency and time in REM sleep showed a trend towards the
pattern seen in the third trimester of pregnancy.

Reports of frequent awakenings and difficulty returning to
sleep, mostly because of discomfort and bodily aches, were
regularly made by the pregnant women in this study. The
fact that third-trimester pregnant women spent substantially
less time sleeping supinely when compared to the other
groups also indicates compromised sleeping comfort.
Unfortunately, PSG only allows attribution of a specific
cause to an awakening if it has a physical source. By
examining cortical arousals during sleep, we found that
third-trimester women experienced more cortical arousals,
especially as a consequence of limb movements or
respiratory events, compared to either first-trimester or
nonpregnant women. Cortical arousal often results in

© 2010 The Authors

disrupted sleep with reduced restorative power,*” as the
individual returns to light sleep rather than deep sleep
following arousal. This trade-off of more stage 1 sleep for
less stage 4 sleep was a key feature of our findings in the late
pregnancy group.

Investigation of sleep quality according to parity revealed
that in the third trimester of pregnancy, nulliparous women
have significantly poorer sleep efficiency than multiparous
women, mostly as a result of multiparas spending more time
in stage 2 sleep which is considered to be a lighter stage of
sleep. Sleep in the first trimester of pregnancy was not
affected by parity.

In contrast to the suggestion that progesterone may have
sedating properties,"®!° we found that higher progesterone
levels in the third trimester of pregnancy were associated
with increased awakenings and more time awake after sleep
onset. This finding is unexpected given previous work
indicating a positive relationship between progesterone and
improved sleep measures, such as improved sleep quality in
postmenopausal women following hormone replacement
therapy,*® and the suggestion that progesterone may play a
role in protecting premenopausal women from sleep-
disordered  breathing by stimulating upper airway
musculature.** However, hormonal influences such as
progesterone have been hypothesised to be a cause of
restless legs syndrome during pregnancy,”® which can result
in disrupted sleep. In our study, the association between the
number of periodic limb movements during sleep and
progesterone level in the third trimester was almost
significant (r = 0.39, P = 0.056).

In our sample, current state of depression, anxiety and
stress did not differ across the groups and did not show any
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significant association with sleep disruption. The women in
this study were typically in the normal to mildly affected
range, so we can conclude that the differences in sleep
quality across the pregnant groups were not the result of
differences in mood state.

Our findings of decreased sleep efficiency and increased
wake after sleep onset during pregnancy are supported by
most previous studies,'®?>1 as is the reduction in stage 4
sleep during pregnancy.'** Our finding that minutes spent
in REM sleep was reduced in the third-trimester pregnant
group has previous support,'®'? as well as opposition.'*!*
Lee er al.'® expressed their results as the percentage of total
sleep time in REM rather than total minutes and had a
result close to significance, and the study by Schorr et al.'*
was limited by its very small sample size. Past findings
surrounding stage 1 sleep have so far been discrepant. As
with the current study, an increased level of stage 1 sleep has
been previously found,''™'* whereas others find no evidence
for this marker of sleep fragmentation.!®'? Again, many
possibilities exist for this and other disparities, including
sample sizes of <10 per group,'®'? laboratory-based sleep
studies or home sleep studies, variations in how much time
the women were allowed to sleep for and the amount of
sleep time included in data analyses. Parity has rarely been
considered in past PSG studies, with existing literature
suggesting that multiparas have a slightly lower sleep
efficiency than nulliparas without a change in REM or
SWS.1331 In contrast, the current study lends support to
previous actigraphy research,®? which found that nulliparous
women had lower sleep efficiency than multiparous women.
We may speculate that multiparous women were able to
sleep better because of previous experience sleeping through
the discomforts of pregnancy, or that sleeping away from
home allowed them to catch up on sleep away from usual
disruptions caused by their other children.

The high frequency of cortical arousals from sleep during
pregnancy has not been previously reported. Frequent
cortical arousal typically results in the person continually
waking fully or returning to light sleep, leading to sleep
fragmentation. Studies of sleep fragmentation commonly
find increased objective and subjective sleepiness, decreased
psychomotor performance and negative mood changes.>?
More specifically, measures of arousal from sleep have been
significantly correlated with objective measures of daytime
alertness>®> and increases in blood pressure.”®>” The fact
that arousals were also secondary to respiratory events or
limb movements suggests that conditions such as sleep-
disordered breathing and periodic imb movements during
sleep should be considered as a cause of sleep disruption,
given that current literature is building to suggest that these
conditions may be more common during
pregnancy, 4363958

Sleep efficiency during the later stages of pregnancy in
some studies has been found to be as high as 90%,'%!*3!
similar to that of our control group. The third-trimester
pregnant women in this study spent 10% less time asleep on
average, and almost a quarter slept for less than six hours in
total. As pregnancy stretches over many months, partial
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sleep deprivation may become chronic and can result in
seriously impaired neurobehavioural function.’® Reduced
sleep time in the last month of pregnancy has also been
associated with longer labours and a higher likelihood of
caesarean delivery.®® Additionally, the cognitive impact of
sleep restriction is frequently underestimated,”® which may
have potentially dangerous implications for activities of daily
living, such as driving.

Limitations

This study is limited by the use of a single night of PSG to
characterise sleep patterns and its cross-sectional rather than
longitudinal nature. However, previous polysomnographic
research during pregnancy found no differences in sleep
characteristics when including an adaptation night.'®
Undertaking multiple sleep studies at appropriate time points
can be a major problem with the study of pregnant women,
and they are often unwiling to undergo additional
measurements and procedures. This was reflected in the low
response rate during recruitment and the high dropout rate
because of complications of pregnancy. Although limited by
our sample size, it was at least comparable to or larger than
many existing PSG studies.!%1%1%413

Although recruitment for this study was targeted at
consecutive patients at a large public hospital, the nature of
the study may have resulted in biased sampling (ie those
who believe they have a sleeping problem) and restrict
generalisation of results. However, this works both ways, in
that some pregnant women declined participation citing
poor sleep and not wanting to spend a night away from
home. Measuring sleep in an unfamiliar laboratory setting
may affect sleep outcomes for some women, but this allows
participants in each group to undergo the same sleep-
monitoring conditions and any associated discomfort is
equivalent across groups. We actually found in this study
that pregnant women tended to report sleeping similarly to
normal whilst in the laboratory, whereas the control group
tended to report poorer sleep quality than usual.

Participants in this study were limited to an eight-hour
period for time in bed. Although restricting potential sleep
time may appear to limit the generalisability of our findings,
it is common for women to continue in the work force until
very late into pregnancy (as evidenced by 78% of the third-
trimester women in this study who were still working), and
daily responsibilities such as child-rearing or home duties
may exist regardless of pregnancy status. The ability of the
pregnant woman to sleep within certain time constraints
therefore remains relevant.

Conclusions

In summary, pregnancy is characterised by decreased sleep
efficiency and increased awakenings, with a trade-off of less
deep sleep in exchange for increased light sleep and less
time in REM sleep. In addition to existing literature, this
study provides greater depth by revealing a higher number
of cortical arousals during the later stages of pregnancy,
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particularly in response to respiratory events and limb
movements.

Given the impact sleep has on physical and mental well-
being, assessing sleep quality throughout pregnancy is
important. The creation of a screening tool that can be
administered quickly by a health professional during
consultation should be considered. However, as self-report
measures can only reveal so much about an individual’s
sleeping habits, it is important to understand the
characteristics of sleep during pregnancy to recognise when
referral to a sleep specialist may be required, such as the
possible presence of a primary sleep disorder (such as
obstructive sleep apnoea or periodic leg movement disorder)
or significant sleep deprivation, which would require
confirmation via PSG. Only once the cause of sleep disruption
is identified can appropriate treatment options be explored.
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