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there is limited evidence that these deficits are modifiable. Using both self-report and objective mea-
sures, this study examined changes in sleep-related daytime functioning among women attending a
residential early parenting program for assistance with unsettled infant behavior and mild to moderate
postpartum distress.

Methods: Participants were 78 women (age M = 34.16, SD = 4.16 years) attending a five-day program

gz}slr;(;rr‘:i‘m with their infants (age M = 8.67, SD = 4.82 months). Sleep was assessed via self-report. Sleep-related
Postnatal daytime functioning was operationalized as fatigue, sleepiness, and sustained attention, and measured
Sleep using validated questionnaires (all women) and the 10-min visual Psychomotor Vigilance Test (PVT;
Fatigue subgroup of 47 women). All measures were administered on both admission (baseline) and discharge.
Sleepiness Results: On admission, participants reported elevated sleep disturbance (94%), fatigue (91%), as well as
Psychomotor vigilance test trait (54%) and state (67%) sleepiness. From admission to discharge, there were medium effect size re-
ductions in fatigue and sleepiness, and large effect size improvements in sleep quality related domains
such as increased sleep efficiency and reduced nighttime awakenings (all p < 0.001); changes in total
sleep time were nonsignificant (p = 0.22). PVT reciprocal mean reaction times were also significantly
faster (p = 0.001; medium effect size).
Conclusions: This study demonstrated that among women attending a brief residential early parenting
program, fatigue, daytime sleepiness, and objectively measured psychomotor vigilance can be improved.
Implications for further research and potential treatments are discussed.
© 2019 Elsevier B.V. All rights reserved.
1. Introduction awakenings (NA), longer wake after sleep onset (WASO), reductions
in total sleep time (TST) and reduced sleep efficiency (SE) in the
Sleep disturbance is a common experience for new parents. weeks and months following childbirth [1—4]. These disruptions to
Both women and their partners can experience increased nighttime postpartum sleep patterns are evident in both self-report and
objective measures such as actigraphy [3], and are associated with
various forms of impairment in daytime functioning, including
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1.1. Postpartum fatigue

Fatigue is perhaps the most common form of impaired daytime
functioning during the postpartum period. Between 40 and 60% of
women report elevated fatigue during the first 18 months post-
partum [7,8]. Fatigue is a cluster of subjective physical and psy-
chological symptoms that involve a sense of extreme tiredness or
exhaustion and lessens individuals’ capacity to function to their
expectations [9,10]. Sleep disturbance caused by infant care and
settling difficulties are major contributing factors to fatigue
symptoms |[5,11]. Fatigue is also associated with many other
adverse outcomes, including elevated depressive, anxiety, and
stress symptoms [12—15]. Both longitudinal and cross-sectional
studies have shown that for many women, fatigue symptoms
may persist for months into the postpartum period [1,7,16,17].

Despite high prevalence and associated distress [ 18], postpartum
fatigue symptoms have shown either little, or very small-sized
response to interventions that specifically targeted fatigue symp-
toms [19,20]. In comparison, interventions designed to treat both
fatigue and distress, or to manage infant sleep and behaviors have
shown greater efficacy. A telephone-based treatment for both fatigue
and distress symptoms administered to women with elevated
depressive symptoms at 2—3 months postpartum led to significantly
greater reductions in fatigue compared to control [21]. Also, a resi-
dential early parenting program that provided multidisciplinary care
and psychoeducation on infant settling for women with infants aged
4—12 months reported significant decreases in fatigue and other
mood symptoms at 1- and 6-month follow-up [22].

1.2. Daytime sleepiness

Daytime sleepiness, although less studied than fatigue, may be
just as prevalent as fatigue among women in the first months after
childbirth [23,24]. Sleepiness is the perceived likelihood of falling
asleep when intending to be awake [25]. While mild transient
feelings of sleepiness are normal, excessive sleepiness is problem-
atic, particularly in safety-sensitive contexts (eg, driving). A study
on community-dwelling women at three months postpartum
showed that half of the sample reported elevated daytime sleepi-
ness [23], and that a third of driving episodes occurred while
experiencing elevated daytime sleepiness [24].

One longitudinal study showed that sleepiness as measured by
the Epworth Sleepiness Scale [26] (ESS) reduced from being above
the clinical cut-off towards the higher end of the normal range
without intervention from 6 to 18 weeks postpartum in a com-
munity sample of women [23]. This suggests that sleepiness may
increase after childbirth but decline over time naturally as maternal
sleep disturbance gradually decreases [2,23].

However, currently no study has measured postpartum sleepi-
ness using a validated scale after the first 18 weeks postpartum.
Further, despite its importance to maternal daytime functioning, no
study has examined whether sleepiness levels are responsive to
interventions in the postpartum period. Current studies of daytime
sleepiness in the postpartum period have also been restricted to
community samples of healthy parents [23,27], and findings are not
necessarily generalizable to women who seek clinical support.

1.3. Psychomotor vigilance

Sleep disturbance can also impair new parents' ability to sustain
attention on tasks. To date, there is only one study that objectively
measured sustained attention during the postpartum period.
Insana et al., [27] showed that women between 2 and 13 weeks
postpartum performed consistently worse on Psychomotor Vigi-
lance Test (PVT) than matched controls, with slower average

reaction times (RT's) and more lapses in attention (RT > 500 ms)
[28,29]. Across this early postpartum period, performance on the
PVT gradually declined, even though women's sleep durations
gradually increased, suggesting that adverse effects of sleep
disturbance on performance may be cumulative [28]. Further,
higher PVT attention lapses were associated with lower objectively
measured TST and SE, greater self-report WASO, later and less
stable sleep midpoints [27,30].

No study has assessed PVT performance beyond the first few
months postpartum, even though ongoing difficulties with self-
report fatigue are frequently reported extend well beyond this
period [7,31]. Furthermore, the responsiveness of objectively
assessed psychomotor vigilance to postpartum interventions re-
mains unknown. In non-postpartum contexts, sleep and physical
activity interventions were shown to improve PVT performance in
adults with short (<6 h) sleep duration [32] and obesity [33].

14. Current study

The current literature consistently shows that parents in the post-
childbirth period can be vulnerable to sleep disturbance and sleep-
related deficits in daytime functioning, including fatigue, excessive
daytime sleepiness, and deficits in sustained attention. However, this
body of research, with the exception of fatigue, is restricted to the
first three months postpartum [34], and parents with older infants
are largely neglected. Further, it is unclear whether daytime sleepi-
ness and deficits in sustained attention can be improved by inter-
vention, and there is mixed evidence for improving postpartum
fatigue symptoms. A further gap in the literature is that all existing
studies with measures of sleepiness and the PVT have recruited
physically and mentally healthy women in community samples
[6,27,28]. Findings from these samples may not generalize to women
seeking clinical support, who could potentially experience more
significant sleep disturbance, more severe impairments in daytime
functioning, and higher levels of psychological distress [35].

In this study, these gaps were addressed by assessing sleep, fa-
tigue, sleepiness, and PVT performance among women attending
residential early parenting programs. In Australia, these programs are
available through both public and private healthcare settings, and
service tens of thousands of families each year [36]. Following a
medical referral, the residential programs provide admitted parents
with clinical support, respite, and individualized training in managing
unsettled infant behavior, which includes persistent and inconsolable
crying, resistance to soothing, difficulties with settling to sleep, short
sleep periods, and frequent nighttime awakenings [36,37].

These residential early parenting programs have previously
been found to reduce maternal depressive, anxiety, stress, fatigue
symptoms, and improve infant sleep [22,38—40]. Given that these
programs tend to admit parents with older infants and clinically
elevated fatigue and/or psychological distress symptoms [22,39],
they also serve as a unique opportunity to explore the potential
modifiability of fatigue, daytime sleepiness, and sustained atten-
tion in a postpartum population with infants older than three
months.

On this basis, this study aims to assess whether maternal sleep,
fatigue, sleepiness, and PVT performance changed after a brief
residential early parenting program. Associations between PVT and
self-report fatigue and sleepiness were exploratory.

2. Material and method
2.1. Setting and participants

Data collection was conducted at the Masada Early Parenting
Centre (MEPC), Masada Private Hospital, a residential early
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parenting program service in Melbourne, Australia. The MEPC is a
20-bed residential unit that admits mother-infant dyads for
addressing unsettled infant behavior, as well as maternal fatigue
and distress (eg, symptoms of depression and anxiety) through a
five day multidisciplinary intervention. The program involves
increasing maternal and infant sleep opportunities, psycho-
education, medical and psychological support, and supervised
practice implementing infant settling strategies. The infants sleptin
cots in separate rooms to the mothers. An individualized “feed-play-
sleep” routine was developed for each mother-infant dyad based on
their specific needs. During the initial 1—2 nights, women who were
not breastfeeding were offered hypnotics to assist with sleep, and
nurses resettled the infant during the night. In addition, infants who
required breastfeeding during the night, the nurses woke the
mothers to breastfeed, then resettled the infants. During subsequent
nights, nurses first demonstrated resettling to the mothers, then
supported the mothers to resettle the infants themselves for the
remaining 3—4 nights of the program. Further details of the program
are described in other publications [36—39,41].

All women were referred by a medical practitioner and admitted
with their infants to the five day residential program. All women
admitted to the MEPC between June and October 2015 were invited
to participate in the study. There were no exclusion criteria. Ethics
approval was obtained from the Avenue Hospital Research Ethics
Committee and Monash University Human Research Ethics Com-
mittee. All participants provided written informed consent.

2.2. Measures

Sleep. Eight self-report sleep items adapted from the Consensus
Sleep Diary asked about average bedtime, sleep onset time, the
number of awakenings, awakening duration, wake time, and out of
bed time over the past week [42]. The following variables were
calculated from the self-report responses: TST, SE, Sleep Onset La-
tency (SOL), WASO, daily nap duration, and NA. Participants also
rated the overall quality of their sleep over the past week from
0 (“very bad”) to 3 (“very good”).

Two additional questionnaires were also administered at base-
line to characterize self-report sleep quality and sleep-apnea risk.
The Pittsburgh Sleep Quality Index (PSQI) is a widely used 19 item
self-report measure of sleep disturbance over the past month, with
scores > 5 indicating poor sleep [43]. The Multivariate Apnea Pre-
diction Index (MAPI) is a 14-item screening measure for sleep ap-
nea [44]. It assesses symptoms such as snoring and frequent
wakening. In combination with body mass index and age, the re-
sponses are used to predict a likelihood for apnea symptoms
(MAPI > 0.5).

Fatigue. The Fatigue Severity Scale (FSS) measures the severity
of the impact of fatigue on daily functioning [45]. It contains nine
items rated from 1 (“strongly disagree”) to 7 (“strongly agree”), and
yields a total score ranging from 7 to 63, with scores > 36 indicating
clinically significant fatigue. The FSS has been used previously in
postpartum populations [19]. In this study, internal consistency of
FSS was good at both admission (the first day at MEPC, T1; alpha
0.86 and omega 0.87) and discharge (the fifth day at MEPC, T2;
alpha 0.90 and omega 0.91).

Sleepiness. The Epworth Sleepiness Scale (ESS) measures the
likelihood of falling asleep in eight different scenarios using a 4-
point scale from O (“never”) to 3 (“high chance”) [26]. Scores
across the 8 items are summed to create a total score ranging from
0 to 24 (scores > 9 indicate excessive daytime sleepiness). Although
designed as a trait measure of sleepiness, the ESS is sensitive to
changes in sleepiness in the postpartum period [6]. Reliability for
ESS was 0.77 (alpha) and 0.79 (omega) at T1, and 0.79 (alpha) and
0.82 (omega) at T2.

The Karolinska Sleepiness Scale (KSS) is a single-item measure
of subjective state sleepiness [46]. Respondents rate their current
sleepiness level from 1 (“extremely alert”) to 9 (“extremely sleepy
— fighting sleep”), with scores > 6 indicating state sleepiness. The
KSS has been used previously in postpartum mothers [24], and
found to correlate with duration of wakefulness [47].

Sustained attention. The Psychomotor Vigilance Test (PVT) is a
widely used test of sustained attention and vigilance robust to
learning effects while being sensitive to failures in sustained
attention [29,48]. The PVT is sensitive to sleep deprivation, partial
sleep restriction, circadian disruption, and has previously been
used in the early postpartum period [28,48]. This study used a 10-
min visual PVT with a random inter-stimulus interval between 2
and 10 s. The PC-PVT platform was used, which is equivalent to the
gold-standard PVT-192 but updated for use on modern personal
computers [49]. The task was run on laptops with recommended
peripheral hardware [49]. Participants were given a 2-min practice
session before their first trial at T1. The first presented stimulus at
both T1 and T2 were removed from the analysis, as were RT's less
than 100 ms [50]. There were no RT's > 10,000 ms. Time of day was
not controlled but was recorded for analysis purposes.

PVT outcome measures used were: (a) reciprocal mean reaction
time (1/RT; T /} 000)), with higher values reflecting faster responses,
(b) square root transformed number of lapses (RT > 500 ms; v/x +

V/(x+ 1)), with higher values reflecting increased attention fail-
ure, (c) square root transformed number of false starts
(RT < 100 ms; v/x + /(x+ 1)), and (d) reciprocal RT variability
(RTV) [51,52].

Depression. Depressive symptoms were measured to facilitate
interpretation of findings. The Edinburgh Postnatal Depression
Scale (EPDS) is a widely used 10-item self-report screening tool for
postpartum depressive symptoms [53]. Items are rated on 4-point
scales and summed to provide a total score (0—30), with
scores > 12 suggesting probable depression [53]. Internal consis-
tency of EPDS was good at both T1 (alpha 0.84, omega 0.84) and T2
(alpha 0.84, omega 0.85).

Chronotype. The Circadian Energy Scale (CIRENS) was used as a
brief 2-item measure of chronotype [54]. Scores on the CIRENS
range from —4 (high morning preference) to 4 (high evening
preference).

Demographics. Maternal and infant demographic measures
were collected from the survey and extracted from the MEPC
medical records for consenting participants.

2.3. Procedure

Recruitment was carried out through an advertisement on the
MEPC website, a flyer in the admission pack, and in-person by re-
searchers at admission. All participants gave informed consent and
completed self-report measures on paper on the first (T1; sleep
items, FSS, KSS, ESS, PSQI, MAPI, and CIRENS) and fifth (ie, final; T2)
day of their admission (sleep items, FSS, KSS, ESS, and CIRENS).
Additional demographics and EPDS scores were extracted from the
medical records.

As women attending the MEPC frequently present with high
psychological distress [38], PVT was offered as an optional
component to reduce participant burden. Participants were invited
to complete the PVT at both T1 and T2 in a well-lit, quiet room when
their infant was asleep or being settled by MEPC staff.

2.4. Data analysis
For self-report scales responses, if less than 10% of items were

missing, mean replacement was used. Remaining missing data
were handled using pairwise deletion for all analyses. Changes in
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self-report and PVT measures from T1 to T2 were analyzed using
robust dependent t-tests, with recommended 20% mean trim, given
differences in distribution shapes and heteroscedasticity [55]. Ef-
fects size were calculated using Wilcox and Tian's explanatory
measure of effect size &, with 0.15 being a small, 0.3 a medium, and
0.5 a large effect size [55]. Change in self-report measures across
over time were analyzed using robust analyses of variance [55].

Change in PVT was also analyzed using distributional analysis
involving exploration of frequency distribution plots and cumula-
tive distribution plots. The cumulative distribution plot compared
mean log converted RT across the 5th—95th percentile in 5% in-
crements. Planned pairwise comparisons were conducted on par-
ticipants mean log RT at the 5th, 25th, 50th, 75th and 95th
percentiles using robust dependent t-tests. Comparisons at the 5th
and 25th percentile assess changes in psychomotor speed, at the
50 percentile assess change at the median, and at the 75th and
95th percentiles assess changes in inattention [50,52].

Pearson correlations were used to explore associations between
variables. All analyses were conducted in R 3.3.3 [56], and statistical
significance was set at p < 0.05 (two-tailed).

3. Results
3.1. Sample characteristics

A total of 85 women were recruited; 78 completed surveys at
both T1 and T2 and were included in analyses. Among these, 75
provided consent for medical records extraction, and 47 opted in
and completed the PVT component at both T1 and T2.

Details on maternal and infant demographics are shown in
Table 1. Mean maternal age was 34.16 (SD = 4.16) years and mean
infant age was 8.68 (SD = 4.82) months. In general, participants
were highly educated, mostly spoke English, and were predomi-
nantly born in Australia. Participants reported a low mean apnea
risk score on the MAPI, and low rate of previous treatment for sleep
disorders (6%). Over a third (36%) reported previous treatment for a
mental health condition, such as depression or anxiety.

Table 1
Descriptive statistics for maternal and infant characteristics at baseline (N = 78).

n M (SD),
range or %

Maternal demographics

Maternal age (years) 78 34.46
(4.16), 27—-49
Education (tertiary degree or above) 58 88.4%
Born in Australia 51 68.0%
Mainly speak English at home 67 89.3%
Living with partner (married or de-facto) 74 90.2%
Not currently in paid employment 54 68.9%
Previous treatment for mental 27 36.0%

health condition
Obstetric and health factors

Primipara 40 54.1%

Caesarean section for last birth 29 38.7%

Currently pregnant 2 2.70%

Multiple birth (twins) 2 2.70%

Body Mass Index 76 24.13 (5.14),
15.56—45.54

Multivariate Apnea Prediction Index 75 0.07 (0.10),
0.01-0.66

Infant Factors

Infant age (months) 78 8.67 (4.82),
3.00—23.50

Infant sex (female) 37 49.3%

Infant birth weight (kg) 69 3.32(0.62),
1.31-4.47

Infant awakenings (>3 times per night) 52 70.3%

Infant health (>very good) 69 92.0%

3.2. Changes in sleep

Descriptive statistics and the differences in self-report scales
between T1 and T2 are reported in Table 2. At T1, participants re-
ported average TST of 7 h 11 min (SD = 95.03 min) with a relatively
low mean SE of 77.14% (SD = 13.91), waking on average four
(SD = 1.85) times per night, and rated sleep quality as “poor” (see
Table 2). This is consistent with mean PSQI global score of 11.06
(SD = 2.89), with 94% of participants scoring above the cut-off score
for poor sleep quality (PSQI > 5). The mean circadian energy rating
scale (CIRENS) score indicated that on average participants had
neither a strong morning nor evening preference. At T2, partici-
pants reported significantly shorter SOL (p = 0.02), as well as fewer
NA, less WASO, higher SE, and better SQ (all p < 0.001), but no
significant difference in TST (p = 0.25) or daytime nap duration
(p = 0.25) compared to T1. Effect sizes for the improvements in
sleep variables were large for NA, WASO, SE, and SQ, and medium
for SOL. There was no significant change in CIRENS scores from T1
to T2 (p = 0.22).

3.3. Changes in fatigue, sleepiness, and depressive symptoms

At T1, a large proportion of women reported elevated fatigue on
the FSS (91%), sleepiness on ESS (54%) and KSS (67%), and depres-
sive symptoms on EPDS (36%; see cut-offs in the Methods). At T2
there were significant reductions in FSS and ESS scores (medium
effect sizes), and in KSS and EPDS scores (large effect sizes; all p-
values < 0.001; see Table 2). Although reduced compared to T1, the
mean FSS score remained above the suggested clinical cut-off at T2.

3.4. Changes in sustained attention

Mean time of the day for PVT testing was 15:42 at T1 (range:
12:30—17:48) and 14:38 (range: 10:57—17:42) at T2. Differences in
test timing at T2 ranged between 6 h 14 min earlier to 4 h 22 min
later than T1 (Mgigf = 63.42 min; SD = 141.74; p < 0.01). However,
difference in test timing was not associated with: mean 1/RT or
transformed lapses at T1 or T2 (range r = —0.10 to 0.05; all p-
values > 0.05), T1-T2 differences in mean 1/RT (r = —0.05, p > 0.05),
or T1-T2 differences in transformed lapses (r = —0.17, p > 0.05).

The RT distribution for the PVT is shown in Fig. 1. Overall, there
was little difference between the distribution of the reaction times
at T1 and T2, and very few RT's at or beyond 500 ms at either time-
points. The cumulative distribution plots of mean logRT are in Fig. 2,
which shows overall similar patterns for T1 and T2, with T2 having
a general increase in speed across the full response range. There
were significant reductions in the logRT's at the 5th, 25th, 50th,
75th and 95th percentiles at T2 (all p-values < 0.02, medium effect
size).

Descriptive statistics and differences in PVT summary variables
are given in Table 3. There was a medium size and significant
reduction in mean 1/RT (p = 0.001), but no significant differences in
RTV (p = 0.46). There was a significant increase in mean lapse
frequency from T1 to T2 (p < 0.001). However, as overall lapses
were very low at both T1 (M = 0.96) and T2 (M = 3.04), and few
(none at T1 and onlyl at T2) of these were long lapses
(responses > 2000 ms), this increase in lapses may not be mean-
ingful. Similarly, significant increase in mean transformed false
starts from T1 to T2 (p = 0.002), may also not be meaningful as
there were few false starts at both T1 (M = 2.96) and T2 (M = 2.98).

Correlation matrices for key variables at T1 and T2 is reported in
Table 4. At T1 there were no significant associations between PVT
variables and self-report variables. At T2, there were some mod-
erate significant (p < 0.05) negative associations between Mean 1/
RT and self-report variables (FSS, KSS, EPDS).
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Table 2

Changes in maternal self-report sleep, fatigue, sleepiness, and depressive symptoms (N = 78).

M (SD) n 95% CI for trimmed mean difference?, p £ Effect size®
T1 (Admission) T2 (Discharge)
Self-report sleep
TST 431.97 (95.03) 452.39 (64.02) 74 [-33.47, 7.86], 0.219 0.13
SE 77.14 (13.91) 86.82 (9.86) 74 [-12.40, —6.05], <0.001 0.65
NA 4.00 (1.85) 1.91(1.10) 74 [1.39, 2.41], <0.001 0.87
WASO 40.08 (35.80) 13.60 (14.89) 74 [15.66, 27.52], <0.001 0.66
SOL 60.81 (66.98) 38.81(38.34) 74 [2.09, 24.86], 0.021 0.32
Nap 6.93 (19.39) 8.20 (20.25) 74 [-33.47, 7.86], 0.219 0.13
SQ 0.99 (0.70) 1.96 (0.58) 72 [-1.33, —0.76], <0.001 0.96
CIRENS —0.42 (1.54) -042 (1.17) 78 [-0.40, 0.40], 0.999 0.00
PSQI total 11.07 (2.90) — 76 — -
Fatigue, sleepiness, and depressive symptoms
FSS 46.55 (9.17) 39.64 (11.99) 77 [3.94, 10.58], <0.001 0.42
ESS 9.24 (431) 6.21 (4.07) 78 [2.31, 4.52], <0.001 0.49
KSS 6.79 (1.54) 4.54 (2.03) 78 [2.12, 3.33], <0.001 0.65
EPDS 10.83 (4.97) 7.19 (443) 74 [2.43, 5.01], <0.001 0.50

Note. TST = total sleep time (min); SE = sleep efficiency (%); NA = number of awakenings; WASO = wake after sleep onset (minutes); SOL = sleep onset latency (minutes);
Nap = daily nap duration (min); SQ = Sleep Quality; FSS = Fatigue Severity Scale; ESS = Epworth Sleepiness Scale; KSS = Karolinska Sleepiness Scale; CIRENS = Circadian
Energy Rating Scale; PSQI = Pittsburgh Sleep Quality Index; EPDS = Edinburgh Postnatal Depression Scale; CI = confidence interval.

¢ mean trim at 20%.

b £ -0.15,0.3, and 0.5 for small, medium, and large effect sizes respectively.
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Fig. 1. Group level psychomotor vigilance test reaction time cumulative response
distribution at T1 and T2. Responses to the right of the dashed line (>500 ms)
represent lapses in attention.

4. Discussion

Women attending a brief residential program that assists with
infant settling difficulties and mild to moderate psychological
distress self-reported elevated sleep disturbance, fatigue, daytime
sleepiness, and depressive symptoms upon admission to the unit.
Upon discharge from the program, they reported significant im-
provements in all these domains, as well as faster reaction time on
the PVT.

4.1. Baseline characteristics

Similar to other studies in community and clinical postpartum
samples, we found that our sample reported elevated sleep
disturbance on admission with elevated PSQI scores [57,58].
Women in our sample reported higher PSQI scores than those
previously reported among healthy first-time mothers within the
first year after birth [57,58]. Consistent with other studies from
community samples of postpartum women in the first three months
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Fig. 2. Group level mean and standard error of the mean response distribution (log RT
in ms) for psychomotor vigilance tests at T1 and T2 across the 5th to 95th percentiles,
with RTs closer to the 5th percentile representing sensory-motor speed and RTs closer
to the 95th percentile representing inattention. RT = reaction time. *p < 0.05,
**p < 0.01, ***p < 0.001

after birth, our sample did not show significant compromise in sleep
duration, but reported frequent nighttime awakenings and reduced
sleep efficiency [28]. This is consistent with the notion that sleep
fragmentation being a hallmark of maternal sleep [34].

Women in our sample also self-reported impairment in sleep-
related daytime functioning and elevated depressive symptoms.
On admission: mean FSS, ESS, KSS, and EPDS scores were approx-
imately 37%, 19%, 23%, and 152% higher than those reported by
women in community samples at seven months (FSS), 13 weeks
(ESS), 18 weeks (KSS) and six months (EPDS) postpartum respec-
tively [19,23,27,59].

4.2. Changes in self-report measures

After the residential early parenting program, domains of
maternal sleep quality improved, including lower frequency (NA)
and duration (WASO) of awakenings, shorter SOL, higher SE, and
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Table 3
Psychomotor vigilance test variables for T1 1 and T2 (n = 47).
T1 (Admission) T2 (Discharge) [95% CI], p 3
Mean RT
Untransformed 282.51 (43.35) 268.30 (35.30)
Transformed 3.75 (0.55) 3.92 (0.49) [-0.34, —0.10], 0.001 0.28
RTV
Untransformed 59.70 (30.11) 57.66 (28.99)
Transformed 0.65 (0.11) 0.67 (0.13) [-0.05, 0.02], 0.462 0.08
Lapses
Untransformed 0.96 (2.05) 3.04 (4.11)
Transformed 1.80 (1.39) 3.15(1.99) [-2.38, —0.75], <0.001 0.53
False Starts
Untransformed 2.96 (5.76) 2.98(3.17)
Transformed 2.88 (2.27) 3.33(1.62) [-1.55, —0.38], 0.002 0.32

Note. Means (standard deviation) are shown. RT = reaction time (ms); RTV = reaction time variability (SD of RT). Mean RT and RTV are reciprocal transformed (Mean 1/RT),
higher values reflect faster RT. Lapses and false starts were square root transformed, with higher values reflecting increased attention failure or initiation errors.
CI = confidence interval; 95% CI for difference in trimmed means, with 20% trim. £ = 0.15, 0.3, and 0.5 for small, medium, and large effect sizes respectively.

Table 4

Correlation matrices at T1 (admission; upper diagonal) and T2 (discharge; lower diagonal).
n =47 1 2 3 4 5 6 7 8 9 10
1. PVT Mean 1/RT - —0.58™* -0.28 -0.04 -0.04 -0.11 -0.01 —-0.02 0.14 -0.15
2. PVT Lapses -0.79** - 0.19 0.03 0.11 -0.12 -0.05 0.04 0.05 0.13
3. Fatigue Severity Scale -0.32* 0.25 — 0.13 -0.12 -0.04 —-0.06 -0.15 -0.18 0.41**
4. Epworth Sleepiness Scale 0.10 -0.16 0.03 — 0.26 -0.05 0.01 0.00 0.06 0.00
5. Karolinska Sleepiness Scale -0.35* 0.26 0.07 0.36* - -0.14 -0.25 0.08 -0.22 0.07
6. Total Sleep Time -0.02 -0.01 0.24 -0.02 -0.20 - 0.69** 0.30* 0.18 -0.10
7. Sleep Efficiency -0.10 0.07 0.43** -0.12 -0.26 0.68** - 0.23 0.26 -0.18
8. Number of awakenings -0.01 0.02 -0.02 0.29 0.39** 0.00 -0.17 —0.01 -0.01
9. Sleep quality —-0.00 0.03 0.12 —0.42** -0.24 0.26 0.15 -0.38** - -0.36*
10. Edinburgh Postnatal Depression Scale —0.38* 0.30* 0.33* 0.17 0.33* 0.08 0.03 0.20 -0.18 —

Note. Effect sizes for r: small 0.10—0.29, medium 0.30—0.49, large 0.50—1.0. *p < 0.05; **p < 0.01.

increased self-report sleep quality (SQ). However, mean sleep
duration (TST) did not change significantly. It appears that the
combination of the respite and clinical care in the MEPC allowed
participants to get to sleep faster and have more consolidated sleep,
even though they may not have slept for longer compared to their
sleep prior to admission.

There were also significant improvements in self-report day-
time functioning, with large effect size reductions for state sleepi-
ness (KSS) and medium effect size reductions for trait sleepiness
(ESS) and fatigue (FSS). Our finding of significant reductions in fa-
tigue matches earlier findings from the MEPC using the Profile of
Mood States, which found significant reductions one-month post-
discharge [39]. The findings of medium size reductions in fatigue in
this study differ from other postpartum fatigue interventions in the
literature that reported either no change in fatigue symptoms [19]
or only small improvements in morning fatigue [20].

Despite the reductions in fatigue and sleepiness symptoms in
this study, mean fatigue and sleepiness symptoms at discharge
remained elevated above clinical cut-off for the FSS, and above
healthy adult levels for the ESS [26]. This finding of ongoing im-
pairments in sleep-related daytime functioning despite improved
sleep, is consistent with findings from experimental studies that
reported residual deficits in self-report and objective performance
for several days during recovery from experimentally induced sleep
deprivation/restriction [60—62].

The improvements in sleep, fatigue, and sleepiness seen in this
study also coincided with a large effect size reduction in depres-
sive symptoms at discharge. This finding is consistent with past
studies at the MEPC and similar residential early parenting ser-
vices in Australia that have reported significant reductions in
depressive symptoms following participation in these programs
[39,40].

4.3. Changes in psychomotor vigilance

This is the first study to demonstrate that PVT RT can be
improved in the postpartum period. Previous naturalistic study in
postpartum women found that women's performance gradually
deteriorated in terms of both RT's and lapses across the first three
months postpartum [28]. The small increases in transformed lapses
and false starts at discharge were unexpected, especially in the
context of improved sleep, self-report daytime functioning, and
faster RT. However, the frequency of both the lapses and false starts
at both admission and discharge was very low and represented only
avery small proportion of overall responses on the PVT. Further, the
frequency of lapses at both time points is comparable to those
recorded by healthy young males during baseline measurement
prior to a sleep restriction protocol [63].

The number of lapses recorded in this study was substantially
lower than that found in community samples of women during the
first three months postpartum, where there were 7—14 times more
lapses [6,27,28]. This may be due to methodological differences: we
used the 10-min PVT on a computer platform, whilst the previous
study used a 5-min PVT on a portable device shown to have a
systematic bias for slower RT's, which may contribute to higher
lapse frequency [64]. Further, whilst we conducted PVT in a
controlled environment, the previous study collected data without
supervision in participants’ own homes, where they may be
distracted while completing the task [6,27,28].

4.4. Limitations and strengths
There are several limitations to the study. First, the lack of a

control group means that improved sleep and daytime functioning
cannot be readily attributed to the residential program. For
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example, the changes in self-report symptoms may occur due to
non-specific factors (eg, contact with health professionals, social
support from other women on the program), rather than the stra-
tegies introduced during the program. Moreover, we are not able to
determine which aspects of the MEPC program [22] (eg, respite,
psychoeducation for infant settling) contributed to the observed
changes. Also, the important and potentially complex relationships
between infant sleep and maternal sleep and functioning were not
explored in this study. We did attempt to collect follow-up data at
two months post-discharge, but only 40% of participants returned
the survey, limiting conclusions that can be drawn on whether the
reductions in fatigue and sleepiness was sustained.

Second, to minimize disruption to the residential program,
time-of-the-day for PVT testing was not strictly controlled, and may
have influenced the comparison of PVT performance [65]. However,
the average difference in test timing was approximately 1 h, and the
difference in test-timing was not associated with PVT results or
changes in PVT variables.

Some participants chose to only complete the self-report and
not PVT measures. Stress around hospital admission may have
contributed to this. Alternately, there were no significant differ-
ences in demographics or depressive symptoms between mothers
who choose to complete the PVT and those who did not.

The lack of an objective sleep measure is another limitation.
Additionally, only mother-infant dyads (not partners such as fa-
thers) were admitted to the MEPC, and we did not assess compa-
rable outcomes in partners of our participants, or how partner-
related factors may influence our findings.

Finally, recruitment at a single site may limit generalizability of
findings. Given that unsettled infant behavior, postpartum sleep
disturbance, and postpartum fatigue are all prevalent [2,37] and
there is strong clinical demand for services to treat infant sleep
problems [66], these findings are likely to be relevant to many other
women.

Despite the above limitations, this is a unique study, in that it is
one of the few studies to assess change in sleep, sleepiness, fatigue,
and objective psychomotor vigilance simultaneously in a clinical
setting, and after three months post-childbirth. Other methodo-
logical strengths include using the gold-standard 10-min visual PVT
in a supervised controlled environment, the use of well validated
self-report measures, and unique sample characteristics.

4.5. Conclusions and implications

This study demonstrates that maternal fatigue, daytime sleepi-
ness, and reaction times on the PVT can all be improved following a
brief residential early parenting program. These promising initial
results warrant further investigation of the effectiveness of these,
and other non-pharmacological programs for treating maternal
sleep disturbance and sleep-related daytime functioning. Given
that daytime impairments related to sleep disturbance are
perceived by postpartum women as overwhelmingly negative, and
interfere with caregiving [18], substantial reductions in daytime
impairments as seen in this study, would likely help postpartum
women cope with the demands of caregiving and other competing
demands such as returning to work. Currently, only a few countries
offer parenting programs that admit parent-infant dyads; findings
from this study could encourage the development of early
parenting programs outside of Australia.

Future research could examine if other interventions for infant
sleep and settling difficulties, which are frequently applied in
community settings [67], may also improve these aspects of
maternal self-report and objective daytime functioning without the
additional support provided within the residential environment.
Future studies could also examine real-world performance and

safety related impairment outcomes other than the PVT, such as
equipped motor-vehicles with ocular and driving performance
measures [68]. Finally, despite increasing interest [59,69], post-
partum experiences in partners (eg, fathers of infants) remain an
area for further research.
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