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Abstract
Forgetfulness is a common complaint of pregnant women, who also often report im-
paired nocturnal sleep. Considering sleep's well-known beneficial role in consolidat-
ing newly encoded memory content, we hypothesized that pregnant women would 
display detrimental changes in objective sleep measures and associated memory 
deficits. We compared the consolidation of declarative as well as procedural memory 
across sleep in 21 healthy, third-trimester pregnant women versus 20 matched non-
pregnant controls. Subjects encoded and were tested on visuospatial and procedural 
memory tasks before and after, respectively, a night of sleep spent at home. The 
emergence of gist-based memories was tested with the Deese-Roediger-McDermott 
(DRM) paradigm. Sleep was polysomnographically recorded and subjective sleep 
quality was assessed with questionnaires. Although pregnant in comparison to non-
pregnant women reported markedly impaired subjective sleep quality and efficiency, 
quantitative changes were limited to increases in wakefulness after sleep onset and 
reductions in rapid eye movement (REM) sleep. Retention of newly learned memory 
contents, which is believed to reflect sleep-associated memory consolidation, was 
comparable between groups, as was the formation of gist-based memories. The find-
ings indicate that subjective deteriorations in sleep quality experienced by pregnant 
women are not necessarily linked to objective impairments. They raise the possibil-
ity that sufficient slow wave sleep towards the end of pregnancy allows for normal 
sleep-related memory consolidation. Although these results were obtained in a small 
number of pregnant women in very good health and should be corroborated in larger 
samples, they challenge the assumption of poor sleep and impaired memory as hall-
marks of the “pregnancy brain”.
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1  | INTRODUC TION

Pregnant women commonly complain of increased forgetfulness, 
disorganization and attentional deficits (Christian et al., 2019; Davies 
et al., 2018). Up to 80% of pregnant women have been found to report 
such subjective signs of cognitive decline (Brett & Baxendale, 2001), 
which are referred to in lay media as symptoms of the “baby brain” 
or “pregnancy brain.” Studies on objective measures of cognitive 
function during pregnancy support this assumption but point to-
wards inconsistencies. For example, although women in the first and 
third trimester of pregnancy compared to controls showed impaired 
performance in immediate and delayed verbal episodic memory 
tasks, procedural memory was unaffected (Wilson et  al.,  2011a). 
A recent meta-analysis concluded that third-semester-pregnant in 
comparison to non-pregnant women display impaired general cog-
nitive functioning (standard mean difference [SMD]  =  1.28, ran-
dom effects model), memory (SMD = 1.47) and executive functions 
(SMD = 0.46; Davies et al., 2018). Such cognitive impairments have 
been hypothesized to emerge from structural changes such as re-
ductions in grey matter volume (Hoekzema et al., 2016) that may be 
linked to hormonal adjustments (Brown & Schaffir, 2019), with possi-
ble contributions of pregnancy-related affective changes (Ouellette 
& Hampson, 2019).

Sleep is known to benefit the consolidation of newly encoded 
memory contents (Diekelmann & Born, 2010), raising the question of 
whether compromised memory functions during pregnancy are re-
lated to deteriorations in sleep quality and quantity. Pregnant women 
frequently report reduced quality and efficiency of nocturnal sleep, 
more awakenings and even insomnia, as well as intensified sleepiness 
and napping during the day (Feinstein et al., 2020; Lee & Gay, 2004; 
Tsai et al., 2012; Wilson et al., 2011b). These complaints worsen to-
wards late pregnancy and have been related to long-term declines 
in sleep satisfaction (Richter et  al.,  2019). However, investigations 
relying on objective measures of sleep and wakefulness, such as 
polysomnography (PSG) and actigraphy, are rare. Moreover, whereas 
sleep efficiency has consistently been shown to be reduced, espe-
cially towards late pregnancy, changes in total sleep time (TST) and 
the amount of time spent in different sleep stages vary across stud-
ies (Driver & Shapiro, 1992; Lee et al., 2000; Wilson et al., 2011b). A 
longitudinal polysomnographic study observed increases in TST, but 
more awakenings and less slow wave sleep (SWS), during the first 
trimester, whereas sleep in the third trimester was mostly charac-
terized by lower amounts of SWS (Lee et al., 2000). Another study 
found women to be more affected in the third than the first trimes-
ter, with poorer sleep efficiency, more wake after sleep onset, less 
stage 4 sleep and reduced rapid eye movement (REM) sleep duration 
compared to controls (Wilson et al., 2011b).

Impairments in sleep quality and quantity might predispose preg-
nant women to shortcomings in sleep-associated memory forma-
tion. To our knowledge, this assumption has only been tested in one 
previous study (Wilson et al., 2013), which, however, relied on mem-
ory tasks commonly used in clinical rather than sleep-experimental 
settings and tested women's sleep in the laboratory. In that study, 

verbal declarative memory consolidation was impaired in both first- 
and third-trimester women compared to controls, whereas there 
were no differences in visual declarative and procedural memory. 
Pregnant women also showed shorter TST, more wake after sleep 
onset and less SWS and REM sleep, but these alterations were mostly 
unrelated to memory performance (Wilson et al., 2013). We investi-
gated the consolidation of newly encoded memory contents across a 
night of polysomnography-recorded sleep during late pregnancy; we 
relied on memory tasks known to detect beneficial effects of sleep 
on memory formation and provided naturalistic sleeping conditions 
by recording in the women's own homes. We expected poor sleep 
during the third trimester of pregnancy to be associated with deficits 
in sleep-related memory consolidation processes.

2  | METHODS

2.1 | Participants

Twenty-one third-trimester pregnant women (mean  age  ±  SEM, 
29.4  ±  1.2  years; the experimental night took place at 
33.2  ±  0.5  weeks of gestation, with a range between 29 and 
37  weeks) and 20 matched non-pregnant, nulliparous controls 
(29.0  ±  1.1  years) participated in the study. Pregnant and non-
pregnant women were matched for age (p  >  .783), usual bedtime 
(p > .887) and usual wake-up time (p > .768). Most of the pregnant 
women were expecting their first child; only three had already given 
birth to one older child. According to a short questionnaire filled in 
at enrollment, all participants were physically and mentally healthy, 
non-smoking, had at least a high-school degree and had a regular 
sleep–wake cycle (no shift workers). All participants were free of 
medication except for six control women taking contraceptives, 
one pregnant woman taking medication against hypertonus (already 
before pregnancy), and one pregnant woman taking a pain reliever 
on the test day. Gestational diabetes was excluded by means of an 
oral glucose tolerance test. Pregnant women were recruited within 
a joint project with the local foetal MEG centre investigating the link 
between metabolic function and foetal outcomes, and controls were 
recruited through advertisements posted via the university mailing 
list. All participants gave written informed consent prior to participa-
tion. They received monetary compensation (40 €) for volunteering 
in the study. All study procedures were approved by the local ethics 
committee.

2.2 | Procedure

All participants were tested according to the same procedure to 
assess sleep-associated memory consolidation (i.e., encoding and 
retrieval of different memory tasks were assessed before and, re-
spectively, after a single night of sleep spent at home). At least 2 
days before the actual experimental night, an adaption night took 
place. For this purpose, participants received a dummy recording 
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system with electrodes and were instructed to wear this apparatus 
for one night to adapt to sleeping with electrodes. The experimental 
night (see Figure 1a) was timed according to the women's individual 
bedtimes and supervised by an experimenter who also administered 
the cognitive tasks. About 3 h before going to bed, the participants 
answered questionnaires about their sleep and current mood and 
were prepared for the polysomnographic recordings with a mobile 
PSG device. After the assessment of control parameters, partici-
pants encoded three memory tasks presented on a notebook com-
puter in a fixed order (visuospatial declarative memory, procedural 
memory and gist-based memory). Afterwards, participants prepared 
for bed and their sleep was recorded until spontaneous awaken-
ing. The morning visit was scheduled according to the participant's 
usual wake-up time; the participant was asked to summon the ex-
perimenter if she woke up considerably earlier. Thus, around 45 min 
after awakening and the assessment of control variables, retrieval 
performance on the three memory tasks was tested (in the fixed 
order of procedural memory, visuospatial declarative memory, gist-
based memory).

2.3 | Memory tasks

2.3.1 | Procedural memory consolidation

We used a well-established sequential finger-tapping task known 
to profit from sleep to assess procedural memory consolidation 
(Walker et al., 2002). Participants were required to press four keys 
on a keyboard with their non-dominant hand, repeating a five-el-
ement sequence shown on a computer screen (for example 4–1–
3–2–4 or 2–4–1–3–2) as fast and as accurately as possible for 30 s. 
Encoding consisted of 12 blocks of 30  s of tapping the sequence 

with 30 s of rest in between. The number of sequences tapped in 
each 30 s, as well as errors, was recorded. At retrieval, participants 
performed three blocks of the learned sequence after a warm-up 
block. The main dependent variable was the mean number of correct 
sequences tapped during retrieval. Retention of procedural memory 
was calculated as the percentage of the mean number of correct se-
quences tapped during retrieval, with the mean number of correct 
sequences tapped during the last three blocks of encoding set to 
100%.

2.3.2 | Visuospatial declarative memory

To assess visuospatial declarative memory, we used an object-location 
memory task resembling the game “concentration” that is known to 
be sensitive to sleep-associated memory consolidation (Diekelmann 
et al., 2011). The task required participants to learn the location of 
15 pairs of identical cards showing coloured pictures of different ani-
mals and everyday objects presented on a computer screen. During 
encoding, one card of each card pair was presented, followed by the 
presentation of both cards. The whole set of card pairs was presented 
twice in different orders. Immediately after these two runs, recall of 
the spatial locations was tested using a cued recall procedure with 
feedback (i.e., the first card of each pair was presented and the par-
ticipant had to indicate the location of the second card by clicking 
on the location with a computer mouse). The cued recall procedure 
was repeated until the subject reached a criterion of 60% correct 
responses. Because sleep has been shown in experiments using 
verbal tasks to stabilize declarative memory contents against inter-
fering influences (Ellenbogen et  al.,  2006; for conflicting evidence 
see Pöhlchen et al., 2020), we included an interference learning block 
after the nocturnal retention interval. The interference learning and 

F I G U R E  1  Experimental procedure 
(a) and results of the memory tasks (b–d). 
Pregnant (black bars) and non-pregnant 
control women (white bars) performed 
a procedural memory, a visuospatial 
declarative memory and a gist-based 
memory task before (encoding) and after 
(retrieval) a night of polysomnography-
recorded sleep spent at their homes. 
Memory scores are indicated in absolute 
numbers at recall or in percentage of 
encoding performance (retention) as 
appropriate. Statistical comparison of 
task performance yielded no significant 
differences in retrieval, learning or 
retention across sleep between pregnant 
women and controls (all p > .26). All data 
are means ± SEM
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recall procedure were identical to the procedure described above 
(using the same 15 card pairs but with a different location for the 
second card of each pair), except that there was only one cued recall 
run for all subjects. Then, retrieval of the originally learned card pairs 
followed, using the same cued recall procedure as during the encod-
ing phase but without feedback. We used correctly recalled card pairs 
at retrieval as a measure of memory and calculated retention from en-
coding to retrieval as percentages, with correctly recalled card pairs 
at the end of encoding set to 100%.

2.3.3 | Gist-based declarative memory

We used the Deese-Roediger-McDermott paradigm (DRM; Deese, 1959; 
Roediger & McDermott, 1995) to assess verbal and gist-based declara-
tive memory. A shortened version of this task has previously been 
shown to be sensitive to sleep-associated consolidation of gist memories 
(Diekelmann et al., 2010; Payne et al., 2009) and also to reflect sleep-
independent but pregnancy-related alterations in gist memories (Berndt 
et al., 2014). During encoding, the participants heard eight different word 
lists (spoken by a prerecorded male voice at a rate of one word per 3 s) 
through headphones and were asked to remember as many words as 
possible. Each list consisted of 12 semantically associated words (e.g., 
“night”, “dark”, “shade”, etc.), lacking the word with the strongest com-
mon association (i.e., the critical lure word, e.g. “black”). Each word list 
was separated by a 30-s pause. During retrieval, participants were asked 
to recall all the words they still remembered and write them down. They 
were asked not to guess and to name only words they were sure were 
included in one of the lists. The main dependent measure for gist-based 
memory was the number of critical lures recalled by the participant (max-
imum of eight). Additionally, veridical word memory was analyzed using 
the number of correctly recalled list words (maximum of 96) adjusted by 
the number of intrusions (falsely recalled unrelated words).

2.4 | Sleep and control measures

2.4.1 | Polysomnography

Sleep was continuously recorded during the night using standard 
polysomnography, including electroencephalogram (EEG; from Fz, 
C3, Cz, C4, Pz, referenced to linked electrodes attached to the mas-
toids and a ground electrode at FPz), electrooculogram (EOG; from 
electrodes placed below the left and above the right canthi) and 
electromyogram (EMG; from electrodes over the left and right mus-
culus mentalis) recordings. Recordings were conducted with a porta-
ble amplifier system (SOMNOscreenTM plus EEG 32, Somnomedics 
GmbH), which enabled undisturbed sleeping conditions during re-
cordings in the subject's home. All signals were sampled at a rate 
of 256 Hz and filtered between 0.3 and 35 Hz (for EEG and EOG), 
and between 10 and 100 Hz (for EMG), respectively. A 50-Hz notch 
filter was applied to all channels. Two raters manually determined 
sleep stages off-line for subsequent 30-s recording epochs following 

standard criteria (Rechtschaffen & Kales, 1968). TST and the time 
spent in the different sleep stages (wake, stages 1, 2, 3, 4, and REM 
sleep) were calculated in minutes and percentage of TST. SWS was 
defined as the sum of time in stages 3 and 4 sleep. Sleep onset was 
defined with reference to lights off by the first occurrence of a 
stage-1 sleep epoch followed by stage-2 sleep.

Considering the relevance of sleep spindles and sleep-re-
lated changes in EEG power for memory consolidation (Rasch & 
Born,  2013) and, in particular, the distinct roles of slow and fast 
spindles (Mölle et al., 2011), we conducted spindle and power anal-
yses using the SpiSOP toolbox (Weber, 2018) with algorithms previ-
ously described (Mölle et al., 2002). Individual frequency peaks for 
slow and fast spindles were visually identified for each participant 
from power spectra of all non-rapid eye movement (NREM) epochs 
(stages 2, 3 and 4). For each EEG channel, the NREM epochs sig-
nal was filtered with a band-pass of ±1.5 Hz around the individual 
spindle frequency peaks. Subsequently, using a sliding window of 
0.2 s, the root mean square (RMS) was computed and the resulting 
signal was smoothed. A spindle was detected when the smoothed 
RMS signal exceeded an amplitude threshold of one standard devi-
ation of the filtered signal for 0.5–3 s. For each participant, spindle 
density (per 30-s epoch) was determined separately for slow spin-
dles (at Fz) and fast spindles (mean of C3, Cz, C4). For power spectra 
analyses, artifact-free NREM and REM sleep epochs were divided 
into consecutive 10-s segments (0.5 s overlap), which were tapered 
using a Hanning window. This signal was fast Fourier-transformed 
and resulted in power spectra with a frequency resolution of 0.1 Hz. 
The power spectra were then averaged across all segments (Welch's 
method). Mean power density (normalized by the effective noise 
bandwidth, averaged across all channels) was determined for the 
following frequency bands: slow wave activity (SWA, 0.5–4 Hz) and 
general sigma activity (11–15 Hz) during NREM sleep epochs, and 
theta activity (4–7 Hz) during REM sleep epochs, respectively.

2.4.2 | Subjective sleep measures

On the morning after the PSG-recorded night, the women were 
asked to report the times they fell asleep and woke up, how often 
they woke up and how restful their sleep was during the night (on a 
scale from 1, “very restful”, to 5, “not restful”). General sleep qual-
ity during the last 4 weeks was assessed using the Pittsburgh Sleep 
Quality Index (PSQI; Buysse et al., 1989), with values higher than 5 
indicating impaired sleep quality. General sleepiness during the day 
was assessed using the Epworth Sleepiness Scale (ESS; Johns, 1991), 
with values higher than 8 indicating elevated sleepiness.

2.4.3 | Control measures

At the beginning of the encoding and retrieval session, participants 
indicated their acute level of sleepiness on the Stanford Sleepiness 
Scale (SSS; Hoddes et  al.,  1973) from 1 (active, alert) to 7 (very 
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sleepy). To control for possible general differences in memory abili-
ties, we assessed word fluency indicative of retrieval abilities using 
a standardized test (RWT; Aschenbrenner et al., 2000) and working 
memory performance indicative of encoding abilities using the digit 
span subtest of the Wechsler Intelligence Test (von Aster,  2006). 
Vigilance was measured using a 5-min version of the psychomotor 
vigilance test (PVT; Roach et  al.,  2006); the speed of key presses 
(mean of 1/reaction time) served as a measure of vigilance.

2.4.4 | Statistical analyses

Two sleep recordings of pregnant women and one recording of a 
control participant failed due to technical problems, so that sleep 
analyses are based on samples of 19 women per group. All values 
are presented as means ± SEM. The main analyses were based on 
Student's t-tests and Mann–Whitney U-tests as appropriate; a p-
value of <.05 was considered significant.

3  | RESULTS

3.1 | Sleep

In the experimental night, women in the control group slept on av-
erage for 430.7 min and spent most of the time asleep in stage 2 
sleep (47.1%), SWS (21.7%) or REM sleep (18.5%; Table 1). Pregnant 
women did not significantly differ from controls in TST, time spent 
in SWS (in minutes and relative amounts) or intensity of slow wave 
activity (all p > .46). Alterations of objective sleep measures in preg-
nant compared to control women were limited to an increase in time 
spent awake after sleep onset (exceeding that of control participants 
by around 2.5 times), almost 20% less REM sleep, and a moderate 
reduction in fast spindle density in NREM sleep (Table 1). Bedtimes 
and wake-up times did not differ between pregnant and non-preg-
nant women (23:28 ± 0:09 h vs. 23:38 ± 0:12 h and, respectively, 
7:46 ± 0:17 h vs. 7:30 ± 0:15; all p > .50).

Pregnant compared to non-pregnant women reported impaired 
sleep in the experimental night as well as in the preceding four 
weeks (Table 2). When asked about the experimental night, preg-
nant women compared with controls reported shortened sleep (by 
about 50 min; t(39) = −2.04, p = .048), more awakenings (about two 
vs. one; U = 322.50, p = .002) and feeling less rested (U = 309.00, 
p =  .007). They also indicated decreased general sleep quality be-
fore participation (higher values in the PSQI; U = 334.50, p = .001), 
whereas general sleepiness during the day (ESS) was mostly unaf-
fected (p = .17).

3.2 | Memory

We did not find differences between pregnant women and controls 
in encoding or retrieval of any of the three memory tasks (all p > .35). 

In the procedural memory task, neither the mean number of cor-
rect sequences in the last three blocks of encoding (15.9 ± 1.0 vs. 
17.1 ± 0.7) nor the mean number of correct sequences at retrieval 
(19.5 ±  1.6 vs. 20.7 ±  0.9) differed significantly between groups. 
Similarly, in the visuospatial declarative memory task, women of 
both groups needed comparable numbers of runs until the learning 
criterion was reached during encoding (3.8 ± 0.4 vs. 4.4 ± 0.8) and 
correctly remembered about 38% of the card locations at retrieval in 

TA B L E  1   Polysomnographic data

Pregnant 
women 
(n = 19)

Controls 
(n = 19)

p dmean ± SEM mean ± SEM

Stages (in min)

TST 418.8 ± 16.7 430.7 ± 10.7 .552 0.20

WASO 40.0 ± 9.0 15.2 ± 5.2 .012 0.78

Stage 1 40.9 ± 3.5 38.9 ± 4.2 .457 0.12

Stage 2 184.4 ± 9.3 203.1 ± 6.9 .113 0.53

SWS 88.4 ± 6.7 92.3 ± 6.4 .674 0.14

REM 63.7 ± 5.1 79.5 ± 3.7 .017 0.81

Stages (in % of TST)

WASO 9.0 ± 2.0 3.4 ± 1.1 .017 0.80

Stage 1 9.7 ± 0.8 9.0 ± 0.9 .529 0.21

Stage 2 44.2 ± 1.6 47.1 ± 1.0 .127 0.51

SWS 21.6 ± 1.5 21.7 ± 1.5 .980 0.01

REM 15.1 ± 0.9 18.5 ± 0.7 .006 0.94

Slow spindles in NREM (Fz)

Mean 
frequency 
(Hz)

10.7 ± 0.2 10.9 ± 0.2 .591 0.18

Density 
(per 30 s)

1.9 ± 0.1 2.1 ± 0.1 .281 0.36

Fast spindles in NREM (C3, Cz, C4)

Mean 
frequency 
(Hz)

13.3 ± 0.1 13.4 ± 0.1 .455 0.25

Density 
(per 30 s)

2.5 ± 0.1 2.7 ± 0.1 .036 0.73

Power density in NREM (V2/Hz, mean all electrodes)

SWA 
(0.5–4 Hz)

86.4 ± 7.7 85.7 ± 8.4 .919 0.02

Sigma 
(11–15 Hz)

2.5 ± 0.2 2.7 ± 0.2 .593 0.18

Power density in REM (V2/Hz, mean all electrodes)

Theta 
(4–7 Hz)

5.4 ± 0.5 5.0 ± 0.4 .530 0.20

Abbreviations: NREM, non-rapid eye movement sleep; REM, rapid eye 
movement sleep; SEM, standard error of the mean; SWA, slow wave 
activity; SWS, slow wave sleep; TST, total sleep time; WASO, wake after 
sleep onset.
Significant p- and respective d-values are given in bold.
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the morning. Most importantly, memory retention across the night 
(Figure  1b-d) was comparable between groups in the procedural 
memory task (121.7 ± 4.8 vs. 122.9 ± 4.4%; p > .86) as well as in the 
visuospatial declarative memory task (54.6 ± 3.3 vs. 55.8 ± 4.6%; 
p > .82). There was no difference in the mean number of gist-based 
memories (pregnant vs. control, 2.6 ± 0.3 vs. 2.1 ± 0.4; p >  .26) or 
adjusted recall of veridical memories in the DRM task (22.1 ± 2.4 
vs. 22.2 ± 2.4; p >  .98). Statistical correlations between sleep pa-
rameters and measures of memory performance, which were mostly 
non-significant, did not indicate a clear pattern of interrelationships 
(see Table S1). With a sample size of 21 pregnant and 20 non-preg-
nant women our study was sufficiently powered (post-hoc achieved 
power 1 - β  =  0.88) to detect a large effect (d  =  1.0, for a t-test 
between groups) on overnight memory retention, comparable to 

the impairment in memory functioning in third-trimester-pregnant 
versus non-pregnant women obtained in meta-analyses (Davies 
et al., 2018) that, notably, also included experiments on sleep-asso-
ciated memory consolidation (Wilson et al., 2013).

3.3 | Control measures

Results of the control variables (Table 3) did not indicate differences 
between groups in momentary sleepiness (SSS) or word fluency (RWT) 
at the test sessions. Working memory performance measured by 
means of the backwards digit span did not differ either, but pregnant 
women performed better on the forward digit span task during retrieval 
(t(39) = 2.42, p = .020) and a similar trend was evident during encoding 

Pregnant women 
(n = 21) Controls (n = 20)

p dmean ± SEM mean ± SEM

Subjective sleep during experimental night

Sleep duration (in min) 405.7 ± 19.6 455.3 ± 13.9 .048 0.65

Number of awakenings 1.9 ± 0.3 0.9 ± 0.3 .002 0.80

Restfulness (1, “very 
restful”; 5, “not restful”)

2.7 ± 0.2 1.9 ± 0.2 .007 0.98

General sleep quality

Sleep quality (PSQI) 5.8 ± 0.5 3.3 ± 5.8 .001 0.79

Sleepiness (ESS) 9.1 ± 0.8 7.7 ± 9.1 .174 0.44

Abbreviations: ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; SEM, 
standard error of the mean.
Significant p- and respective d-values are given in bold.

TA B L E  2  Subjective sleep measures

Pregnant women 
(n = 21)

Controls 
(n = 20)

p dmean ± SEM mean ± SEM

Sleepiness (SSS)

Encoding 3.1 ± 0.2 3.1 ± 0.3 .989 <0.01

Retrieval 2.4 ± 0.2 2.5 ± 0.2 .685 0.13

Word fluency (RWT, number of words)

Encoding 15.0 ± 1.0 16.2 ± 1.2 .449 0.24

Retrieval 17.2 ± 1.2 16.7 ± 0.9 .727 0.11

Working memory (digit span)

Encoding - forward 7.1 ± 0.3 6.4 ± 0.2 .072 0.58

Encoding - backwards 5.7 ± 0.3 5.6 ± 0.3 .672 0.13

Retrieval - forward 7.3 ± 0.3 6.3 ± 0.2 .020 0.76

Retrieval - backwards 6.3 ± 0.3 6.0 ± 0.3 .364 0.29

Vigilance (speed in PVT in 1/s)

Encoding 3.2 ± 0.1 3.3 ± 0.1 .119 0.50

Retrieval 3.2 ± 0.1 3.3 ± 0.1 .120 0.42

Abbreviations: PVT, Psychomotor Vigilance Test; RWT, Regensburger Wortflüssigkeitstest; SEM, 
standard error of the mean; SSS, Stanford Sleepiness Scale.
Significant p- and respective d-values are given in bold.

TA B L E  3   Control measures
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(t(39) = 1.85, p = .072, all other p > .11). Because forward digit span per-
formance at encoding showed a mild positive correlation with adjusted 
list-word recall in the DRM task (r = .31, p = .039), we submitted the lat-
ter result to an analysis of variance with forward digit span performance 
as a covariate and found that the reported null effect remained stable 
(p > .45). Vigilance (PVT) did not differ between groups.

On an exploratory basis, we analysed the sleep and memory mea-
sures without the results of the three multiparous pregnant women. 
Although this analysis did not change the overall pattern of results, 
the difference between groups in subjective sleep duration did not 
reach significance anymore (pregnant vs. controls, 415.8 ± 21.3 vs. 
455.3  ±  13.9 min, t(36) =  1.58, p  =  .124). Rerunning the analyses 
excluding the six women of the control group who were on contra-
ceptives did not change the results, except that the decreases in the 
relative amount of REM sleep and in fast spindle density in NREM 
sleep found in pregnant compared with non-pregnant women were 
now restricted to trends (15.1 ± 0.9 vs. 17.6 ± 0.9% REM, t(31) = 1.96, 
p = .059; 2.5 ± 0.1 vs. 2.7 ± 0.1 density/30 s, t(19.7) = 1.72, p = .102, 
degrees of freedom adjusted due to unequal variances) and the dif-
ference in REM sleep duration did not reach significance anymore 
(63.7 ± 5.1 vs. 74.0 ± 3.6 min, t(31) = 1.54, p = .134).

4  | DISCUSSION

We investigated whether pregnant women, who often report cog-
nitive shortcomings as well as sleep impairments, exhibit deficits 
in sleep-associated memory function. We found that, in compari-
son to matched controls, our well-characterized sample of healthy 
third-trimester pregnant women reported decreased subjective 
sleep duration and more awakenings. Contrary to expectations, 
however, objective sleep measures did not indicate substantial 
alterations in overall sleep duration and sleep architecture, with 
the exception of lower amounts of REM sleep and extended time 
spent awake after sleep onset in pregnant compared to non-preg-
nant women. Moreover, the sleep-associated consolidation of 
declarative and procedural memory tasks known to benefit from 
sleep turned out to be comparable between pregnant women and 
controls. In accordance with this result, we did not detect preg-
nancy-related alterations in the amount of SWS or the intensity of 
slow wave activity, both of which are known to foster sleep-asso-
ciated memory consolidation (Diekelmann & Born, 2010; Klinzing 
et al., 2019). Findings of SWS impairments during pregnancy have 
been mixed and may even be exaggerated because most previous 
studies tested women's sleep in an unfamiliar sleep laboratory 
(Driver & Shapiro,  1992; Lee et  al.,  2000; Wilson et  al.,  2011b, 
2013). Based on our results, we conclude that this sleep stage 
is largely preserved in healthy, third-trimester pregnant women 
sleeping in their home environment and, thus, may enable normal 
sleep-related memory consolidation.

The subjective reports of lower sleep quality, reduced sleep 
duration and more frequent awakenings in pregnant women are 
in line with findings in other investigations (Lee & Gay, 2004; Tsai 

et al., 2012; Wilson et al., 2011b). Still, only the increased number 
of awakenings was reflected in polysomnographic measures (i.e., 
in the increased amount of wake after sleep onset). The remaining 
objective sleep parameters did not yield evidence for substantial al-
terations (i.e., no differences between pregnant women and controls 
in total sleep duration, sleep depth [as indicated by the amounts of 
stage 1 sleep and SWS] or sleep physiology). Thus, sleep architec-
ture was largely preserved in third-trimester pregnancy in the home 
environment. The fact that changes in objective measures of sleep 
did not quite match the extent of subjective impairments is not sur-
prising, considering that subjective and objective measures of sleep 
have been shown to correlate relatively poorly (Baker et al., 1999). 
It is also conceivable that general expectations of poor sleep during 
pregnancy may distort subjective reports or that pregnant women 
who experience more pronounced subjective sleep impairments 
are more prone to participate in sleep studies such as ours than 
women with mild complaints. We did find reduced amounts of REM 
sleep and slightly reduced spindle activity in the pregnant women, 
which is in line with previous findings (Brunner et al., 1994; Wilson 
et al., 2011b, 2013). In conjunction with the increase in wakefulness, 
these changes might stem from generally elevated arousal levels 
(Hertz et al., 1992). However, reductions in REM sleep during preg-
nancy have not been unanimously observed (e.g., Schorr et al., 1998) 
and our exploratory analyses excluding the subsample of healthy 
women on contraceptives from the control group indicated that 
these alterations may not be as robust as increases in the time spent 
awake after sleep onset. Although the conclusion that the observed 
differences in REM sleep may have been largely driven by extended 
REM sleep in the control participants on contraceptives is clearly 
speculative because of the small size of this subsample in our study, 
it is supported by a previous report (Burdick et al., 2002). The ex-
ploratory analyses also indicated that our results in general were not 
biased by the addition of a negligible number of multiparous women 
to the sample of mainly nulliparous participants.

In the main memory tasks as well as in most control tasks, 
performance of the pregnant women was comparable to that of 
controls. In conjunction with the comparable amount and inten-
sity of SWS, this outcome suggests that the vital role of sleep, 
and SWS in particular, for sleep-associated memory consolida-
tion is intact during late pregnancy. A study on sleep-associated 
memory consolidation during pregnancy likewise found compara-
ble visual declarative and procedural memory consolidation but 
also an impairment in the retention of verbal memory (Wilson 
et al., 2013). Using a well-established verbal declarative memory 
task known to benefit from sleep, we could not corroborate this 
observation. Our results are in line with the assumption that preg-
nancy-related cognitive impairments in otherwise healthy women 
are relatively mild, especially when measured objectively in the 
laboratory (Christensen et al., 2010; Onyper et al., 2010). Fittingly, 
even when signs of respective cognitive shortcomings emerge in 
larger samples, performance mostly remains within normal ranges 
(Davies et al., 2018). However, we cannot draw conclusions on the 
development of memory functions and sleep over the course of 
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pregnancy or exclude that pregnancy-related impairments affect 
aspects of memory not investigated here (e.g., prospective mem-
ory) (Rendell & Henry,  2008). Memory dysfunctions might also 
be restricted to pregnant women with additional mental impair-
ments such as depressive symptoms (Ouellette & Hampson, 2019; 
Skouteris et al., 2008). Finally, for ethical reasons we did not in-
clude a wake control condition and thus did not assess memory 
formation across (nocturnal) wakefulness.

In conclusion, although many healthy pregnant women experience 
subjective impairments of sleep quality during the third trimester of 
their pregnancy, objective sleep quality and physiology are relatively 
well preserved and may allow for normal sleep-related memory con-
solidation. These findings challenge the assumption of poor sleep and 
impaired memory as hallmarks of the “pregnancy brain”.
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