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Abstract

Study Objectives—The maternal postpartum period is characterized by sleep fragmentation,
which is associated with daytime impairment, mental health disturbances, and changes in
melatonin patterns. In addition to sleep fragmentation, women undergo a complex set of
physiological and environmental changes upon entering the postpartum period, confounding our
understanding of effects of postpartum sleep disturbance. The primary study aim was to
understand the basic impact of a single night of postpartum-like sleep fragmentation on sleep
architecture, nocturnal melatonin levels, mood, daytime sleepiness, and neurobehavioral
performance.

Measurements and Results—For one week prior to entry into the laboratory, eleven healthy
nulliparous women kept a stable sleep-wake schedule (verified via actigraphy). Participants
contributed three consecutive nights of laboratory overnight polysomnography: (1) a habituation/
sleep disorder screening night; (2) a baseline night; and (3) a sleep fragmentation night, when
participants were awakened three times for ~30 min each. Self-reported sleep quality and mood
(Profile of Mood States Survey) both decreased significantly after sleep fragmentation compared
to baseline measurements. Unexpectedly, daytime sleepiness (Multiple Sleep Latency Test)
decreased significantly after sleep fragmentation. Experimental fragmentation had no significant
effect on time spent in nocturnal sleep stages, urinary 6-sulphatoxymelatonin concentration, or
psychomotor vigilance test performance. Participants continued to provide actigraphy data, and
daily PVTs and self-reported sleep quality assessments at home for one week following sleep
fragmentation; these assessments did not differ from baseline values.

Conclusions—While there were no changes in measured physiological components of a single
night of postpartum-like experimental sleep fragmentation, there were decreases in self-reported
measures of mood and sleep quality. Future research should examine the effects of multiple nights
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of modeling postpartum-like sleep fragmentation on objective measures of sleep and daytime
functioning.

Keywords
Maternal; sleep fragmentation; mood; daytime sleepiness; sleep quality; polysomnography

1. Introduction

The early maternal postpartum period is characterized by fragmented sleep [1,2], during
which new mothers obtain an average of 7.2 hr of total sleep time (TST), despite spending
about 9 hr dedicated to sleep [3]. In addition to fragmented sleep, postpartum women
experience alterations in sleep architecture [4,5] and nocturnal melatonin patterns [6-8],
daytime sleepiness [9], impaired neurobehavioral performance [10], and mood disturbances
[11-13]. Yet, new mothers vary in the severity to which they experience these outcomes,
likely because of a complex process of individual physiological and environmental
differences. The primary aim of the current study was to understand the relative contribution
of sleep fragmentation to each of these outcomes. The current study imposed a postpartum
sleep schedule based on nocturnal infant caretaking, the primary mechanism for postpartum
sleep fragmentation [14,15], on childless women in a tightly controlled laboratory
environment. This model allows causal testing of the effects of infant-driven postpartum
sleep fragmentation independent of the physiological and environmental changes that co-
exist during the typical postpartum period and also have the potential to disrupt sleep.

1.1 Postpartum Physiological and Environmental Changes

New mothers experience physiological changes throughout pregnancy and the postpartum
period that may impact their sleep and mental health above and beyond nocturnal infant
demands. For instance, postpartum women undergo a host of hormonal changes as they
progress through pregnancy and into the postpartum period. Steroid hormones such as
estrogens, progesterone, and cortisol increase during pregnancy and abruptly decrease after
childbirth [16,17]; this abrupt transition is posited to be associated with mood disturbances
[18,19]. Furthermore, high cortisol levels are associated with stress and depressive
symptoms [20]. Estrogens and progesterone have sleep-promoting effects [21]. Estrogens
decrease sleep onset latency and nocturnal awakenings, while increasing TST and time spent
in REM sleep [20]. Progesterone is sedative, decreasing wakefulness and latency to NREM
sleep as well as decreasing REM sleep [20]. Finally, decreased melatonin peak values [22]
and circadian phase shifts [6] have been reported during the postpartum period. These
hormonal changes may contribute to postpartum sleep quality and confound the unique
impact of postpartum sleep fragmentation. The current study’s model of nulliparous women
who do not experience these hormonal changes can, therefore, more closely approximate the
basic impact of postpartum sleep fragmentation, independent of the hormonal consequences
of the perinatal period.

Physiological changes during the postpartum period that may impact sleep are not limited to
hormonal changes. Most new mothers report at least one negative, physical health symptom
during the early postpartum period [23], such as general pain, headaches, and breast
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soreness [24,25]. While there is a lack of specific literature on postpartum physical pain and
sleep, more than half of adults with chronic pain also experience sleep disturbances [26-28].
Further, postpartum physical health conditions are associated with emotional well-being and
depressive symptoms [25], which is bidirectionally associated with sleep [21,29-31]. The
participants in the current study were healthy without major medical conditions which may
otherwise impact their sleep and mental health, allowing for an ideal model to test the
impact of an infant-driven postpartum sleep fragmentation schedule.

Finally, the postpartum period is also characterized by adjustment to a new parenting role
that includes caring for an infant as well as emotional and social changes [32]. Child-care
responsibilities and lack of knowledge related to parenting are common sources of
frustration and fatigue for new mothers [33]. Postpartum fatigue is indirectly associated with
stress, via depressive symptoms and sleep quality [34,35]. New mothers may vary
substantially in their adjustment to the postpartum period as a result of available social
support. New mothers report social networks as their primary source of support [36], and
social support is a recognized buffer for stressful life events and predictor of emotional and
physical well-being [37]. Thus, the impact of the postpartum period on sleep and mental
health is not limited to physiological changes, but also includes environmental stimuli. As
nulliparous women, the current study’s participants did not undergo these life changes,
strengthening the use of this model to isolate the effect of infant-driven postpartum sleep
fragmentation.

1.2 Effects of Experimental Sleep Disturbance

Laboratory-based experimental sleep deprivation conducted in non-postpartum populations
causes melatonin suppression [38], despite using illuminance levels lower that what is
expected to suppress melatonin [39]. Further, there is evidence of a rebound in nocturnal
peak melatonin values following a night of sleep deprivation [40]. These studies suggest
nocturnal melatonin levels may be influenced by sleep loss, but the effects of sleep
fragmentation on melatonin are unknown.

Laboratory-based experimental sleep fragmentation conducted in non-postpartum
populations causes decreases in deep sleep and REM and subsequent increases in lighter
stages of sleep [41,42], daytime sleepiness [42], and degraded mood [41]. However, these
experiments have focused on the effects of sleep fragmentation as manifested by sleep
disorders such as sleep apnea and periodic limb movement disorders, thus inducing forced
awakenings every 1-2 min across the night. The sleep fragmentation postpartum women
experience is unique, in that they have much longer periods of consolidated sleep, but also
relatively longer periods of wakefulness [43].

1.3 Development of Study Protocol and Hypotheses

In order to model postpartum sleep fragmentation, we chose to awaken participants three
times, equally spaced throughout the night. This schedule was chosen based on data from
our lab indicating women with infants 0-6 months old awaken an average of 2.9 times each
night and that this is stable across this 6-month time period [43], as well as
recommendations from the American Academy of Pediatrics that breastfed newborns should
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be fed at intervals of 2-3 hr [44]. Previous literature on newborns within the first three days
after birth indicate that feeding time is approximately 13.8-16 min [45,46], but that mothers
spend an additional 12 min engaged with the infant in non-feeding activities [46]. Based on
these cumulative data and our previous finding that mothers of infants 0—6 months spend an
average of 33.9 min during each nocturnal awakening on infant caregiving [43], the protocol
for the current study was 3 awakenings of ~30 min each, spaced equally throughout the
night.

Prior to the current study, no study had controlled for the physiological and environmental
factors associated with the postpartum period to isolate the impact of the sleep
fragmentation, likely due to the difficulties of studying this population in a laboratory and
the logistic and ethical barriers to changing and manipulating their routine. This study
attempted to overcome these barriers and provide a basic understanding of the effects of a
single night of postpartum-like sleep fragmentation by manipulating the sleep of healthy
women without children to resemble what is observed during the early postpartum period.
Isolating the impacts of this unique sleep fragmentation on sleep and daytime outcomes is
important in order to understand the magnitude of impact interventions directed at
improving postpartum sleep have in mitigating the consequences of this vulnerable period.

Based on previous sleep fragmentation studies [41,42,47] and their reported occurrences
among postpartum women [4-6,9-13], it was hypothesized that modeling postpartum sleep
fragmentation among nulliparous women would cause: (1) a decrease in slow wave sleep
and REM sleep at the expense of increases in Stages N1 and N2; (2) an increase in daytime
sleepiness; (3) a decrease in subjective sleep quality; (4) a decrease in neurobehavioral
performance; (5) a decrease in mood. Based on experimental sleep deprivation work [38]
and reported melatonin suppression among populations experiencing sleep fragmentation
(7.e., postpartum women [7] and patients with obstructive sleep apnea [48]), it was
hypothesized that our protocol would cause: (6) a suppression of nocturnal 6-
sulphatoxymelatonin.

2. Material and methods

The study was approved by the Office of Research Compliance (IRB) at West Virginia
University. Women were recruited from March through November, 2013 on the basis of
being of child-bearing age and generally healthy. A telephone screening was conducted prior
to administration of informed consent and Health Information Portability and Accountability
Act authorization. Participants who signed informed consent were explained in detail the
purpose of the research and all aspects of the study. A priori hypotheses were not shared
with participants.

2.1 Procedure

The 17-day study protocol is illustrated in Figure 1. For the duration of the study,
participants wore an actigraph on their non-dominant wrist and completed a watch diary,
daily sleep diary, and the psychomotor vigilance test (PVVT) each morning within 2 hr after
awakening. Between overnight laboratory stays, participants followed their usual routine.
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A week of baseline actigraphy was used to normalize sleep and ensure participants were
well rested. Participants kept a consistent sleep schedule (sleep and wake times <1 hr
deviation from habitually reported times) and spent at least 8 hr in bed. Immediately
following the first week of actigraphy, participants came into the lab for a multiple sleep
latency test (MSLT). Between the third and fourth nap opportunities, participants completed
the Profile of Mood States (POMS) survey. At the end of the MSLT day, participants whose
average sleep onset latency was 8 min or less were disqualified from the study. Otherwise,
they were discharged from the laboratory for a few hours, until the first overnight
polysomnography (PSG). During this first in-lab night, participants slept according to their
habitual sleep periods (determined by the baseline week of actigraphy data). This first night
served as a habituation night to account for a potential first-night effect [49] and to ensure no
participant had a sleep disorder. The second in-lab night was conducted in the same manner
as the preceding night but was used as a baseline PSG night in analyses. The third night was
the experimental sleep fragmentation night. Participants were awakened 3 times throughout
the night for ~30 min each, spaced equally throughout the night. Each participant’s bedtime
and habitual time spent in bed were preserved; scheduled awakenings were added to the
sleep period, resulting in a rise time 90 — 105 min later than typical for each participant.
Actigraphy data were also collected from participants during each of the PSG nights.

The current protocol for the ~30 min awakenings was standardized. Posture and dim lighting
levels (1 lux in the direction of gaze, verified by a light meter) during each awakening were
kept consistent because both changes in posture and lighting levels can impact melatonin
levels and sleepiness [50,51]. Each participant was awakened three times throughout the
night by a prerecorded audio clip of an infant crying via an intercom next to the participant’s
bed. During each awakening, participants were given standard instructions in real time over
the intercom (see Table 1).

After the experimental night, participants remained in the laboratory for the second MSLT,
and completed a second POMS survey between nap opportunities three and four. During the
final study week, participants followed their usual routine and adhered to the same protocol
as the first 7 nights of the study, except that sleep was ad /ibitum and participants self-
administered the POMS every other day.

2.2 Measures

2.2.1 Actigraphy—To ensure that participants maintained a regular sleep schedule during
the baseline period, sleep/wake periods were monitored at home using Mini Mitter’s
Actiwatch-64 (AW-64) actigraphs (Phillips Respironics, Bend, Oregon), and periods of
nocturnal sleep and daytime naps were participant-identified using a handheld computer.
Sleep diaries were used to behaviorally corroborate actigraphy data and identify sleep
periods for analysis [52]. Actigraphy has been well-validated for detecting sleep/wake
patterns among adults [53-56]. Consistent with our previous work [3,57], the actigraph was
programmed at the most sensitive 15-epoch setting. Sleep and rise times were manually
identified by researchers as the first 2 min of immaobility preceeding diary-reported bedtime
and last 2 min of immobility preceding diary-reported rise time, respectively. Actigraph
software was used to calculate total sleep time and sleep efficiency during this sleep period.
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2.2.2 Psychomotor Vigilance Test (PVT)—The PVT was self-administered using
customized software (Bruner Consulting Co., Longmont, CO) on the handheld computer
each morning within two hours after awakening and prior to consuming any caffeine [58].
Each test lasted 5 min, during which stimuli were presented at random inter-stimulus
intervals. The use of this 5-min test is supported by a validation of PVTs less than 10 min in
duration [59,60].

2.2.3 Subjective Sleep Quality—Subjective sleep quality was assessed within two hours
after awakening each morning using the handheld computer. Participants were asked:
“Where 100 is fully rested, please indicate your quality of sleep:” (0-100 visual analog
scale).

2.2.4 Profile of Mood States (POMS)—The Profile of Mood States (POMS) was
administered in the laboratory prior to and after experimental sleep fragmentation and was
given to each subject to self-administer at home each day during the recovery week
(automated text messages were sent as a reminder at the same time each day). The POMS
consists of 65 adjectives rated by participants based on how they are feeling using a 5-point
Likert scale (range: 0 “Not at all” — 4 “Extremely™). Six subscales with different ranges are
derived from the POMS: tension-anxiety, depression-dejection, anger-hostility, fatigue-
inertia, confusion-bewilderment, and vigor-activity. A POMS Total Mood Disturbance
(TMD) score is derived from the sum of the six subscale scores, with a range from -32 to
200, and is an indicator of a global dimension of mood disturbance. POMS TMD scores and
all but the vigor-activity subscale are negative dimensions, so high scores represent worse
mood. Survey responses reflected the participant’s mood during the past day. Internal
consistency of the POMS in our sample at baseline was a=0.71.

2.2.5 Overnight Polysomnography (PSG)—The established 10-20 system [61] was
used for full PSG including F3/F4, C3/C4, 01/02, bilateral electro-oculogram (EOG) and
submental electromyogram (EMG), electrocardiogram (EKG), abdominal and thoracic
respiratory belts, an oral/nasal airflow thermistor, a snore sensor, a pulse oximeter, and leg
EMG sensors. When the first night of screening indicated no sleep disorders, the participant
continued in the study and the next two nights (baseline and sleep fragmentation) included a
minimal montage of EEG, EOG, EMG, and EKG. High resolution video monitoring was
used for behavioral observation and video recording. Recordings were made with the Embla
N7000 system (Natus Neurology, Middleton, WI) and data were analyzed using Rembrandt
software (Natus Neurology, Middleton, WI).

2.2.6 Multiple Sleep Latency Test (MSLT)—Daytime sleepiness was objectively
measured using standardized guidelines for the laboratory-based four-nap MSLT with the
minimum montage described above. [62] Participants’ sleep was monitored for one week
prior to the test via actigraphy. Participants reported that they did not consume caffeine or
alcohol on days the MSLT was conducted. Sleep latency time was defined as the time it took
from lights out to the first 30-second epoch of any sleep stage using the American Academy
of Sleep Medicine’s rules for PSG sleep stage scoring. [61] Average sleep onset latency
scores <5 min across the four naps indicated pathological level of daytime sleepiness and
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scores between 10 and 20 min were considered normal levels of sleepiness. Scores between
5 and 10 min fall into a diagnostic ,,grey area’ [63]. The use of a baseline MSLT score of <8
min as exclusion criteria in the current study was based on the definition of sleepiness for

diagnostic purposes, as identified by the /nternational Classification of Sleep Disorders. [64]

2.2.7 Urinary 6-sulphatoxymelatonin (aMT6s)—To assess aMT6s during in-lab
baseline and experimental nights, participants were instructed to void immediately before
lights out, then each overnight void (if any) and first morning void were collected using a
commode hat (Kendall™, Covidien, Minneapolis, Minnesota). The bedroom was completely
dark during sleep periods (0 lux). A red light manufactured for use in a photographic was
used in the bathroom for participants who awakened in the middle of the night to void in
order to minimize the impact of light on aMTB6s secretion [65]. Urine was homogenized and
divided into two aliquots. One aliquot was centrifuged at 2000 x g for five min, and
creatinine was analyzed within 24 hr by the Alkaline Picrate method (at West Virginia
University Hospital Laboratories). The other aliquot was centrifuged the same day as
collection, and the supernatant was stored at —80°C until assay. Once all samples were
collected, they were thawed once and run in duplicate using an aMT6 enzyme-linked
immunosorbent assay (ELISA) kit, per manufacturer’s instructions (ALPCO, Salem, New
Hampshire). The plate was read at 450 nm using a VMax Kinetic ELISA Microplate Reader
(Molecular Devices, Sunnyvale, California). After subtracting background, the optical
density of each well was plotted along a standard curve of known aMT6 samples that were
run within the same assay plate.

2.3 Statistical Analyses

The sample size of 11 participants was determined by a priori power analyses based on
previous work on the effects of sleep fragmentation and sleep restriction [41,63,66], using a
2-tailed alpha level =.05 and sigma =.80. SPSS version 21.0 was used for data analyses
(IBM Corp, Armonk, NY). A p<.05 was considered statistically significant, except in noted
cases when a Bonferroni correction was used. Analysis of Variance (ANOVA) and chi-
square tests were used to test for differences in demographics among participants who
completed the study versus those who did not. Paired samples #tests were used, where
appropriate, to determine whether dependent variables differed between baseline and
fragmentation nights in the laboratory, and to assess changes in dependent variables from
baseline to post-fragmentation. Wilcoxon’s signed rank test was used when variables did not
meet normality assumptions. Repeated measures ANOVA was used to assess changes in
variables across the baseline week, to determine differences in the time spent in each sleep
stage on baseline compared to fragmentation nights, and to test for differences in sleep onset
latencies across MSLT nap opportunities between the baseline and post-fragmentation
MSLTs. ANOVA was also used for polynomial and linear trend analyses on sleep onset
latencies after forced awakenings across the night, and for within-subject changes in TST,
self-reported sleep quality, PVT lapses, and POMS scores across the at-home recovery
week. Partial eta squared (772,,) (small=.01, medium=.06, large=.14), Cohen’s d (small=.2,
medium=.5, large=.8), Cramer’s V (small=.1, medium=.3, large=.5), and r(small=.1,
medium=.3, large=.5) were used to calculate effect sizes where appropriate [67].
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Pairwise deletion was used to deal with missing PVT data (one trial for one participant) and
actigraphy of nocturnal sleep data (one night for one participant). One overnight PSG had 40
min of unscoreable data; % sleep stages for this participant were based on the total sleep
scored. PSG equipment malfunction during one MSLT nap precluded scoring of SOL; the
MSLT score for this participant was based on the three usable naps.

3.1 Participants

Women who completed the study (n=11) were all nulliparous with no reported history or
current symptoms of depression, as defined by a score of <16 on the Center for
Epidemiologic Studies Depression Scale [68]; they did not report symptoms of premenstrual
dysphoric disorder (DSM-1V) [69] and all had regular menstrual cycles (defined as being
confident in their ability to predict when their period would start, to the week); they did not
work night shifts or travel through >1 time zone during the month prior to participating; did
not have a clinically significant sleep disorder (verified with polysomnography); did not
report blindness or visual impairments that would interfere with the production of melatonin,
did not have a major medical illness for which they were under the care of a physician, were
not current smokers, consumed no more caffeine per day than the amount in two 6-0z cups
of coffee, and consumed on average <3 alcoholic drinks per week. Figure 2 illustrates how
many women expressed initial interest in and then declined to begin or continue
participation, or were excluded at various points throughout the study.

Demographic characteristics of the final sample of 11 women are in Table 2. Between-
groups one-way ANOVA and chi-square tests were used to determine whether the
participants who began but did not complete the study (i.e. signed consent, but either
dropped out or were excluded part-way through) differed from those who completed the
study. No differences were found between groups on any demographic variable or baseline
actigraphically-recorded TST. Based on the PSG screening night, no participant had any
respiratory events. Three of the completed participants had periodic limb movements in
sleep (PLMS), with PLMS/hr indices of 8.3 (PLMS with arousals [PLMA]/hr=1.0), 2.6
(PLMA/hr=0.8), and 1.6 (PLMA/hr=0), respectively. These participants were retained
because none had clinically significant levels of PLMS (>15 PLMS/hr) [70], complaints of
daytime fatigue, or showed signs of excessive daytime sleepiness (based on recorded MSLT
scores).

3.2 Baseline Polysomnography Night

Analyses were first conducted to determine whether sleep, and next-morning self-reported
sleep quality and PVT lapses differed between the at-home baseline week, in-lab screening
night, or in-lab baseline night. All sleep variables in these analyses were obtained using
actigraphy recordings to avoid making comparisons across different measurement
techniques, (7.e., comparing actigraphy to PSG). There was a significant difference in sleep
efficiency between nights, and post-hoc tests with a Bonferroni correction confirmed greater
sleep efficiency on the in-lab baseline night compared to the at-home baseline week. There
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were no statistically significant differences between any of the other measures (see Table 3),
confirming that neither polysomnography night disrupted participants’ sleep.

3.3 Postpartum Sleep Fragmentation Simulation

Analyses were conducted to determine whether the protocol was successful at simulating
postpartum sleep disturbance. Participants were awakened three times equally spaced
throughout the night for approximately the same duration of time spent out of bed (no sleep
opportunity permitted) during each awakening (see Table 4). As intended, there was a
significant decrease in sleep efficiency from in-lab baseline to sleep fragmentation night,
without a significant change in total sleep time (see Table 5). These data indicate that the
planned sleep fragmentation protocol was successful in simulating postpartum sleep
disturbance and that participants returned to sleep quickly after each awakening.

3.4 Subjective Measures

3.4.1 Self-Reported Sleep Quality—As sleep quality the morning after sleep
fragmentation was negatively skewed and leptokurtic, Wilcoxon’s signed rank test was used
to test for differences in self-reported sleep quality between the morning after baseline and
sleep fragmentation nights in the lab. There was a significant decrease in self-reported sleep
quality after sleep fragmentation (Mdrn=73.0) compared to baseline (Mdn=90.0; Z=2.8, p=.
005, r=.84). A trend analysis revealed a significant increasing linear trend across the in-lab
sleep fragmentation night and at-home recovery week, A1,9)=16.3, p=.003, r;zp:.64 (see
Figure 3). This trend was not significant when the in-lab sleep fragmentation night was
removed from the analysis (A1,9]=0.39, p=.55, 772;7:-04) suggesting the low sleep quality
reported the morning after sleep fragmentation was driving the linear trend. However, the
assumption of normality of all variables used in the trend analysis was not met even after
transformation of variables, so results should be interpreted with caution.

To estimate the association between participants’ self-report of their sleep and PSG-defined
measures, Pearson’s correlations were performed on the number of awakenings and duration
of awakenings on the adaptation and baseline nights in the laboratory. On the adaptation
night, participants’ reports of the number of awakenings were not significantly associated
with the PSG-measured number of awakenings, /=—0.03, p=0.94, however, on the baseline
night, this relation was a medium effect size, /=0.45, p=0.17. On both the adaptation night
and baseline night, participants’ reports of the duration of awakenings were strongly related
to the PSG-calculated WASO, r=0.68, p=0.02 and r=0.90, p<0.001, respectively. These data
support that the participants self-reports of their sleep experiences were accurate when
compared to objective data.

3.4.2 Mood—A paired samples t-test was used to test for differences in POMS TMD
scores between baseline and the day after sleep fragmentation. There was a statistically
significant increase from baseline POMS TMD scores (M=-1.0, SD=7.1) compared to the
day after sleep fragmentation (M=9.6, SD=8.9; {10]=2.6, p=.03, ¢=.1.3). A linear trend
analysis revealed no trend across the at-home recovery week, A1,10)=.05, p=.82, 1;2/,:.01
(see Figure 4).
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Given significant differences on the POMS TMD scale between baseline and the day after
sleep fragmentation, paired samples t-tests were conducted on each of the seven POMS
subscales to determine which components of mood were affected by the sleep
fragmentation. After a Bonferroni correction (p=.007) there was a significant decrease in the
vigor subscale after sleep fragmentation (M=12.5, SD=6.5) compared to baseline (A/#=21.9,
SD=1.6; {10]=5.2, p<.001, ¢=2.0). There was no significant change on the tension,
depression, anger, fatigue, or confusion subscales (see Figure 5).

3.5 Objective Measures

3.5.1. Sleep Architecture—With the use of a Bonferroni correction for analyses between
4 variables (p=.012), there were no significant differences in %N1, %N2 or %N3 sleep
during the sleep fragmentation night compared to baseline (see Table 5). Wilcoxon’s signed
rank test was used for comparisons between %REM because this measure was negatively
skewed on the sleep fragmentation night. There was no difference in %REM sleep on the
sleep fragmentation (Man=25.9%) night compared to baseline (Madn =22.9%; Z=.44, p=.66,
r=.13) (mean values are reported in Table 4).

3.5.2 6-sulphatoxymelatonin—The intra-assay coefficient of variation of the ELISA
was 4.4%. There was not a significant difference between aMT6 concentrations following
the baseline (M=23.3, SD=13.5) and sleep fragmentation nights (M=25.0, SD=12.2; f10]=.
69, p=.51, ¢=.09).

3.5.3 Total Sleep Time—Six participants took daytime naps during the study; for these
participants, 24-hr sleep time was used. Specifically, one participant napped on two days
during the baseline week, two participants napped on two days during the recovery week,
and three participants napped on one day during the recovery week.

A paired samples t-test was used to test for differences in total sleep time between the
baseline night in the lab and the first night after sleep fragmentation night. There was no
difference in total sleep time the night after sleep fragmentation (M=463.4, SD=83.4)
compared to baseline (M=460.6, SD=27.8; {10]=.11, p=.91, a=.05). A linear trend analysis
revealed no trend across the at-home recovery week, A1,9)=.09, p=.77, qu:.Ol.

3.5.4 Objective Daytime Sleepiness—The baseline week of actigraphy simultaneously
served as monitoring to ensure sufficient sleep prior to the MSLT, specifically that the night
prior to the MSLT was representative of the participants’ typical sleep per standard protocol
[62]. There was no significant change in total sleep time between the average total sleep
time of the baseline week (M=461, SD=33) and the seventh day (the night before the MSLT)
(M=454, SD=53; {10]=.65, p=.53, ¢=.16).

There was a significant decrease in objective sleepiness between the baseline MSLT
(M=13.1, SD=3.54) and the post-fragmentation MSLT (M=16.3, SD=3.51; {10]=2.8, p=.02,
a=.92).

In order to determine whether a time of day change in sleepiness across the day was driving
the overall decrease in sleepiness, the MSLT scores of the four individual naps were
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compared from baseline to post-sleep fragmentation. A 2 (condition: baseline vs. post-
fragmentation) x 4 (each individual nap) repeated-measures ANOVA was conducted. A
main effect of condition was qualified by a significant condition x nap interaction, A3)=5.6,
p=.004, qu =.39. Post-hoc paired samples #tests using a Bonferroni correction for analyses
between 4 variables (p=.012) determined that there was a significantly shorter sleep onset
latency during the baseline MSLT for the fourth nap compared to post-fragmentation,
(410]=3.4, p=.006, a=1.6) (see Figure 6). More specifically, 81.8% of participants did not
fall asleep on the fourth nap post-fragmentation. This compares to 27.3% who did not fall
asleep on the fourth nap of the baseline MSLT.

3.5.5 Daytime Performance—A paired samples t-test was used to test for differences in
the frequency of PVT lapses between the morning after baseline and sleep fragmentation
nights in the lab. There was no difference in average frequency of PVT lapses post-
fragmentation (M=2.9, SD=2.8) compared to baseline (M=2.0, SD=2.4; {10]=.98, p=.35,
a=.35). A linear trend analysis revealed no trend across the at-home recovery week,
A1,10)=.14, p=.72, 172,,:.01. Nor were there significant differences between other PVT
outcomes including the mean reaction time (baseline: M=330.6, SD=46.5; post-
fragmentation: M=343.4, SD=42.4; {10]=1.08, p=.31, ¢=.29) and slowest 10% of reaction
times (baseline: M=506.4, SD=115.7; post-fragmentation: M=508.7, SD=110.5; {10]=.06,
p=.95, ¢=.02). Samples sizes of roughly 10-15 subjects are commonly reported in the
literature when examining recovery sleep and performance from sleep disturbances
[41,66,71]. Based on the large effect sizes (range: Cohen’s ¢=0.87-2.24) reported in these
studies, a priori power analyses with 80% power at an alpha=0.05 were calculated to
determine our sample size of N=11.

4. Discussion

The primary goal of this study was to understand the discrete impacts of postpartum sleep
disturbance driven by infant nocturnal caretaking and independent of postpartum
physiological and environmental changes. A functional protocol to model postpartum sleep
fragmentation was established among childless women; women had significantly lower sleep
efficiency on the sleep fragmentation night compared to baseline. The sample’s PSG-
recorded average sleep efficiency (74.4%) was slightly lower than the actigraphically-
recorded sleep efficiency of women in the second week postpartum (79.7%) [3]. In an
attempt to isolate the impacts of sleep fragmentation from total sleep time, the time in bed of
each participant from baseline to sleep fragmentation night was preserved. This resulted in a
total sleep time that was only slightly higher (M=7.46hr) than the duration we found using
actigraphy data during postpartum weeks 2-12 (M=7.2hr) [3], that Thomas and Foreman
found using self-reported sleep diaries during postpartum weeks 4-10 (M=7.18hr) [72], and
that Filtness et al. found from sleep diary self-reports at 6, 12, and 18 weeks postpartum
(M=7.33hr) [73]. However, others have reported lower total sleep times for postpartum
women, especially in the immediate postpartum period. For instance, during the week of
birth, actigraphically-measured total sleep time gradually increased from 5.46 hr the day
after birth to 6.73 hr on the 6! day postpartum [74], and within the first month average
actigraphically-determined nocturnal sleep time was 6.38 hr [75].
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4.1 Subjective Measures

Women self-reported decreased sleep quality and mood states after only one night of sleep
fragmentation when compared to baseline. Analyses performed on the POMS subscales
suggest it may not be the obvious dimensions of mood (e.g. depression, anxiety) that are
impacted, at least not immediately. Rather, there was a significant decrease in vigor (e.g.
adjectives include: “Cheerful” and “Alert”) post-fragmentation, and a non-significant
increase in fatigue. No changes were noted in tension, depression, anxiety, or confusion.
This is consistent with previous work that found chronic sleep restriction impacts POMS
total mood disturbance scores, and specifically subscales of fatigue, vigor, confusion, and
tension [76]. However, it is inconsistent with the postpartum depression literature; based on
the occurrence of postpartum depression, there would be an expected increase in the
depression subscale after one night of sleep fragmentation. This inconsistency with the
postpartum depression literature is not surprising given our study design is incapable of
explaining the complex milieu of interactions between physiological and environmental
factors during the postpartum period. In fact, that we even observed changes in subjective
measures of sleep and overall mood and vigor levels after just a single night of sleep
fragmentation is surprising. However, as participants knew the design of the study upfront,
we cannot rule out that they were hypothesis guessing with respect to the self-reported
measures. Nonetheless, the moderate relation found on the baseline night and very strong
effects between self-report and PSG-determined time spent awake at night suggest the
participants were accurately reporting their sleep experience.

4.2 Objective Measures

The current study’s sleep fragmentation protocol resulted in no changes in any of the
nocturnal sleep stages. This finding counters the literature on experimental sleep
fragmentation among healthy subjects. Previous studies have reliably demonstrated sleep
fragmentation-induced increases in stage N1 and decreases in stage N3 and/or REM [41,42].
However, these studies have used sleep fragmentation protocols that simulate disorders such
as obstructive sleep apnea, in which awakenings are induced every couple of min throughout
the night. Studies on the effects of infrequent sleep fragmentation are scarce. As far as we
are aware, the study protocol most similar to ours is that by Gonnissen et al. [77], who
interrupted the sleep of 12 healthy males about every 90 min throughout the night for
approximately 2 min each awakening. The results showed a decrease in REM sleep at the
expense of an increase in stage N2 sleep. These conflicting findings compared to our own
may be explained by two salient differences in the study designs: (1) our awakenings were
35 min in duration as opposed to 2 min; (2) we used an entirely female population as
opposed to an entirely male population.

The concentration of aMT6 among the current sample did not change between baseline and
sleep fragmentation nights. This is inconsistent with previously-found differences in
melatonin levels among postpartum women [7] and other populations who experience
fragmented sleep [48,78]. However, these studies were done in naturalistic settings, not a
highly controlled laboratory. Our results were consistent with the recent work by Gonnissen
and colleagues mentioned above who found no changes in plasma melatonin concentration
with sleep fragmentation with no postural or light changes during awakenings [77]. Indeed,
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our laboratory setting limited light to 1 lux and excluded phone and television screens,
which are commonly used during nocturnal feedings in the home [43]. Our findings,
combined with the current literature, suggest the associations previously found between
fragmented sleep and reduction in concentration of melatonin may be due to environment
influences such as light at night, postpartum hormonal changes, or an interaction between
these physiological and environmental factors.

Contrary to our expectations and the experimental sleep fragmentation literature [41,42,79],
neither total sleep time nor PVT lapses changed post-fragmentation, as compared to
baseline. Moreover, we found a decrease in daytime sleepiness. It is possible this
inconsistency results from the lack of change in sleep architecture in the current study.
Previous work has found positive associations between the amount of slow wave sleep and
daytime sleepiness and performance [80-82]. However, conflicting evidence supports that
daytime sleepiness within a sleep fragmentation protocol is related to sleep continuity, and
not sleep architecture [83,84]. Therefore, interpretation of our current results suggest either
alteration to sleep stages is necessary to reduce daytime functioning or else multiple nights
of sleep fragmentation are required before detecting a decrease in daytime functioning. We
believe the latter is more likely, based on our previous work that found postpartum women
do not differ from controls on PVT performance during the earliest studied period (the
second postpartum week), after which they perform more poorly than controls across the
remaining of the first three postpartum months [10].

However, this does not explain the decrease in sleepiness we found. There was an increase in
sleep onset latency and decrease in number of participants who fell asleep on the fourth and
final nap opportunity after sleep fragmentation compared to baseline. After spending three
consecutive nights in the laboratory, the post-fragmentation MSLT was the final laboratory-
based procedure in the protocol. It cannot be discounted that participants may have been less
likely to fall asleep because they were motivated by the near-end of the study, driving the
perplexing difference in MSLT scores found. Regardless, both the average baseline and post-
fragmentation MSLT scores were >10, a score that is considered normal among a healthy
population [63]. Thus, the meaning of the change in scores from a clinical perspective for
diagnosing daytime sleepiness is negligible.

4.3 Subjective vs. Objective Sleep

The worsened self-reported sleep quality, despite no differences found in objective sleep
measures, is not entirely surprising given previously-reported inconsistencies between
subjective estimates and objective polysomnographic measurements of sleep [85].
Furthermore, the number of nocturnal awakenings was the most frequently cited parameter
used as a basis for daily sleep quality assessments among healthy sleepers [86]. Thus, the
forced awakenings in the current study may have been the driving force behind the poorer
subjective sleep quality ratings by participants.

4.4 Limitations

The study had a number of limitations, including the small sample size. Although the sample
size was consistent with previous literature that have similar experimental sleep

Physiol Behav. Author manuscript; available in PMC 2017 December 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBean et al.

Page 14

fragmentation protocols [41,77,87], it limited analyses such as comparing individuals who
had changes in dependent variables from baseline to sleep fragmentation nights vs. those
who had no changes in dependent variables on demographic measures. Individual
differences such as these may give insight into why some women were more affected by the
sleep fragmentation protocol than others.

Another limitation may have been the rigorous selection criteria. While these criteria were
put in place to reduce confounding factors on the outcome variables of interest, a relatively
large proportion of women were excluded from continued participation because they did not
meet minimum scores on the MSLT. However, their baseline actigraphy sleep appeared
healthy. Participants who were more resistant to the effects of sleep disturbances may have
been over selected. Those who were excluded may have been more sensitive to the effects of
sleep disturbances, and may have been impacted more by the sleep fragmentation.

Phase of the menstrual cycle or use of hormonal contraceptives was not controlled in the
current study. Participants were enrolled in the study at times of convenience, which
corresponded to various points in their menstrual cycle, and 54.6% used hormonal
contraceptives. Differences in the sleep EEG and subjective sleep quality have been reported
across the menstrual cycle and there may also be changes in melatonin concentrations [88].
Increases in nocturnal melatonin levels and decreases in slow wave sleep are also reported in
women taking oral contraceptives compared to naturally cycling women [88].

There are obviously potential differences in motivation and emotional investment in caring
for a doll compared to one’s own infant that may have impacted these outcomes. In
particular, relatively reduced activation of the alertness circuits may have caused our
participants to be less fully alert at night. This may have contributed to their ability to fall
back to sleep after awakenings quickly and remain asleep without interfering thoughts such
as worrying about their newborn. Similarly, the emotional investment of caring for one’s
own child compared to a doll may lead to differences in self-reported mood following
postpartum sleep disturbance.

Finally, it is important to keep in mind that maternal sleep is both highly variable between
postpartum women and is not stagnant within women across the postpartum period [89,90].
As such, our use of averages to model the number and duration of awakenings cannot be
broadly applied to all postpartum sleep experiences.

4.5 Conclusions

Results from the current study provide novel information regarding the acute effects of a
simulated postpartum sleep fragmentation schedule on aspects of both physiology and
behavior in a controlled laboratory setting. Results suggested no changes in objective
measures of sleep and sleepiness, with the exception of a non-meaningful increase in
daytime sleepiness, but significant deficits in mood and self-reported sleep quality. However,
some of the limitations of the model may have contributed to the lack of change in objective
measures. While the current study’s protocol was an initial step in understanding the effects
of postpartum sleep fragmentation, future work should improve upon this overly simplified
model to more thoroughly capture the complexities of perinatal sleep disturbance. For
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instance, longer durations of nocturnal awakenings [43] and shorter total sleep times [74,75]
than those in the current protocol have been reported in the immediate postpartum period
and should be considered in future work. Additionally, the single night modeled in this study
is inadequate to represent the chronic postpartum sleep disruption experienced, nor did it
take into account that women often enter the postpartum period with sleep debt built up from
disturbed sleep during pregnancy and sleep deprivation during labor [74,91]. As more recent
work has indicated there may be circadian phase shifts associated with the postpartum
period [6], future work should also consider modeling the combination of this phase shift
with the sleep fragmentation.

Furthermore, variations in nocturnal activities and lighting levels could be assessed to
determine their impact on physiological measures and performance outcomes. The current
protocol was carefully designed to kept participants out of light levels that could disrupt
their melatonin levels and the focus of the awakenings was solely on infant caregiving. The
limiting of light levels was performed in order to isolate the impact of the sleep
fragmentation, per se. Future studies should work to understand how the differences in
activities and behaviors postpartum women engage in may be negatively impacting their
sleep. Data from our lab indicate 81.5% of postpartum women reported using an electronic
device (television, computer, cell phone, backlit tablet, or a combination of these) during
nocturnal awakenings and 89% of women are using at least one extra light source during
caregiving, but their light sources vary widely in intensity [43]. Examining the impact of
these behaviors, both in field-based and laboratory settings, is important for understanding
maternal sleep disturbances.
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Highlights

. A single night of postpartum-like sleep fragmentation decreased mood and
subjective sleep quality

. A single night of postpartum-like sleep fragmentation did not alter sleep
stages or melatonin levels

. A single night of postpartum-like sleep fragmentation did not alter next-
morning performance

. The effects of chronic postpartum sleep fragmentation need to be elucidated
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Figure 1.

Study protocol for a participant with a habitual sleep period from 12—-8am
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Womenwho expressed interest
in the study (n=189)

»> Excluded* (n=162)

X
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Ineligible® Scheduling
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scheduling
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Women who successfully
completed the study (n=11)

Figure 2. Participant inclusion and exclusion throughout the study
*Were unable to participate due to scheduling difficulties or were no longer interested after

the details of the study were described.

#Reasons for ineligibility to begin study: on antidepressant medication (n=1), symptoms of a
sleep disorder (n=2), major medical condition (n=1).

~Reasons for ineligibility to continue study: sleep/wake times differed across baseline week
by >3 hr (n=1), scored <8 min on baseline MSLT (n=4), sleep disorder symptoms on
screening night (n=1).
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Figure 3. Self-reported sleep quality the morning after baseline and sleep fragmentation nights,
and across the post-fragmentation week (Error bars represent SE; **=p<.01)

Base = Baseline polysomnography night in the lab; Frag = Experimental sleep fragmentation
night.
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Figure 4.
POMS TMD scores during baseline and days after sleep fragmentation (Error bars represent

SE; *=p<.05).
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Figure 5.

POMS subscale scores at baseline and the day after sleep fragmentation (Error bars
represent SE; ***p<.001).
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Figure 6.

MSLT sleep onset latencies for individual nap opportunities between baseline and the day
after experimental sleep fragmentation (Error bars represent SE; **=p<.01)
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Table 1

Participant instructions during awakenings on sleep fragmentation night.

1. “Pick up the baby doll, remove her onesie, change her diaper with the diaper provided, and then put her onesie back on.” (5 min -
participant was standing during the procedure).

2. “Sitin the rocking chair and pretend to feed the baby doll with the bottle provided until I instruct you to stop.” (15 min — participant was
seated)

3. “Pretend to burp the baby while remaining in the rocking chair.” (5 min — participant was seated)

4.  “Stand up and gently place the baby doll back down on the spare bed.” At this point, the participant used the bathroom (if needed) and the
researcher replaced any PSG sensors that had fallen off. The participant was then helped back into bed.
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Participant Demographics (n=11)

Page 29

Mean/Percentage + Standard Deviation Range

Age 253+23 23.0-29.8
Income $23,000 + $11,000 $12,000-$50,000
Years of Education 17.7+11 16-20
Race/Ethnicity

White 72.7%

Asian 18.2%

Biracial 9.1%
Marital Status

Single 63.6%

Married/Cohabitating 36.4%
Work Status

Full-time Student 81.8%

Full-time Employed 9.1%

Unemployed 9.1%
Currently using a Hormonal Birth Control Method 54.6%
BMI4 23.3+4.9 16.9-35.6
Average Baseline TST 7hr 41min = 33.2 min 6hr 53min — 8hr 24min

a . . . . . . . -
Calculated in laboratory: height with a stadiometer, weight with a digital scale, BMI calculator used was from www.nhlbi.nih.gov
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Table 4

Descriptive Information on Sleep Fragmentation Night

Mean SD Range
(min) (min) (min)
Duration of Time Spent Out of Bed
Awakening 1 329 3.2 29.8-38.7
Awakening 2 31.8 18 29.6 - 34.7
Awakening 3 324 25 29.9-37.1
Mean SD Range

(hh:mm)  (hh:mm) (hh:mm)

Duration Between:

Lights Out & Awakening 1 2:06 0:09 1:48-2:21
End of 15t & Beginning of 2@ Awakening 2:06 0:07 1:59-2:20
End of 2" & Beginning of 3" Awakening 2:06 0:07 2:00-2:19

End of 3" Awakening & Lights On 2:06 0:07 1:56-2:18
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Table 5

Time spent in each sleep stage between baseline and sleep fragmentation nights

Baseline  Sleep Fragmentation P value Cohen’sd
% N1 6.7+25 43+24 .02 97
% N2 435+83 39.7+54 .10 .55
% N3 28.8+6.3 30.2+438 .54 24
% REM 23370 235+6.5 .66 -
TST (min) 461+ 28 448 + 34 17 42
% SE 90.9+6.1 74.4+3.9 <.001 3.2
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