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Circadian rhythms influence sleep and wakefulness. Circadian activity rhythms (CAR) are altered
in individuals with dementia or seasonal affective disorder. To date, studies exploring CAR and
sleep in postpartum women are rare. The purpose of this report is to describe relationships
between CAR, sleep disturbance, and fatigue among 72 first-time mothers during their second
week postpartum while their newborn remain hospitalized in intensive care unit. Seventy-two
mothers were included in this secondary data analysis sample from three separate studies.
Participants completed the general sleep disturbance scale (GSDS), numerical rating scale for
fatigue, and a sleep diary. The objective sleep data included total sleep time (TST), wake after
sleep onset (WASO), and CAR determined by the circadian quotient (amplitude/mesor) averaged
from at least 48-h of wrist actigraphy monitoring. The TST of mothers who self-reported as poor
sleepers was 354 min (SEM = 21.9), witha mean WASO of 19.5% (SEM = 2.8).The overall sleep
quality measured by the GSDS was clinically, significantly disrupted (M = 5.5, SD = 1.2). The
mean score for morning fatigue was 5.8 (SD = 2.0), indicating moderate fatigue severity. The
CAR was 0.62 (SEM = 0.04), indicating poor synchronization. The self-reported good sleepers
(GSDS < 3) had better CAR (M = 0.71, SEM = 0.02) than poor sleepers (GSDS > 3) (t[70] = 2.0,
p < 0.05). A higher circadian equation was associated with higher TST (r = 0.83, p <0.001), less
WASO (r=-0.50, p<0.001), lower self-reported sleep disturbance scores (r =-0.35, p = 0.01),
and less morning fatigue (r = —0.26). Findings indicate that mothers with a hospitalized infant
have both nocturnal sleep problems and disturbed circadian activity rhythms. Factors responsible
for these sleep and rhythm disturbances, the adverse effects on mother’s physical and mental
well-being, and mother—infant relationship require further study.
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INTRODUCTION

Maternal stress associated with caring for a newborn requiring
intensive medical care initiates a cascade of psychological and physi-
ological sequelae (Miles et al., 1999; Holditch-Davis and Miles,
2000; Lee et al., 2005b). Insomnia is not uncommon as it is one of
the first indications of increased anxiety and daily stress (Roehrs
etal.,2000). Corollary perturbations in patterns of sleep and wake-
fulness as well as changes in neurological, endocrine, and immune
function are also evident (Lazarus and Folkman, 1984; Lazarus,
1999; Ader, 2000; Opp, 2005).

Itis well known that sleep/wake patterns are disrupted in mothers
caring for newborns. We hypothesize that circadian activity rhythm
(CAR) would also be disturbed for a new mother if her infant
remains hospitalized after birth in an intensive care unit (ICU).
Circadian processes, which are regulated primarily by the supra-
chiasmatic nuclei (SCN), are highly influenced by extrinsic stimuli
such as ambient illumination and social interactions (Lee et al.,
2009). These stimuli may be altered while a newborn infant receives
care within the hospital environment. To date, only one report used
wrist actigraphy data to address CAR with a very small sample of
early stage postpartum women, and better CAR was evident when
mothers had more nocturnal total sleep time and less daytime sleep

(Lee and Kimble, 2009). The purpose of this secondary analysis was,
therefore, to describe how CAR was related to self-reported sleep
disturbances and fatigue severity among mothers with an infant
hospitalized in ICU during the early postpartum period (5th- to
12th-day postpartum). We sought to determine (1) what are the
sleep and CAR characteristics among mothers with an infant hos-
pitalized in the ICU during their early postpartum period? and (2)
what are the relationships between CAR, objective and subjective
sleep measures, and maternal fatigue? We hypothesized during the
early postpartum stage, mothers characterized as poor CAR will
experience more sleep disruption and higher level of fatigue severity
compared to women who are good CAR.

MATERIALS AND METHODS

To further explore the relationships between CAR, sleep, and fatigue,
asecondary data analysis was conducted with data from three stud-
ies that used the same inclusion/exclusion criteria. The first study
(in San Francisco area) was a descriptive correlational study to
explore the relationships between maternal sleep and fatigue among
30 Chinese-American women (Lee et al., 2005a). The other two
samples (in the Metro Atlanta area) were from studies that tested
a sleep intervention to improve sleep and well-being in mothers
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of low-birth weight infants, 20 were from a feasibility study (Lee
and Kimble, 2009) and another 22 were from an on-going pilot
study. For the last two studies, only the pre-treatment data were
analyzed for this paper.

A total of 72 first-time mothers who were in their early post-
partum period and with an infant in the ICU were included in this
report. Mothers were excluded if any of the following applied: (1)
allergic to metal (a contradiction for wrist actigraph), (2) history
of an affective illness, (3) current use of medications that may alter
sleep (any central nervous system stimulants, depressants, or anti-
depressant medication), (4) shift worker whose circadian rhythms
may already be affected, (5) history of a diagnosed sleep disorder
such as sleep apnea or restless legs, which may give a higher waking
time from the overnight wrist actigraphy monitoring, (6) under
18 years of age because delayed sleep phase type circadian disorders
(late-to-bed, late-to-rise) are very common in adolescents, and (7)
mothers who required an extended hospitalization period. A post
hoc power analysis was performed; a total sample size of 72 was
sufficiently powered to detect a difference in the primary outcome
by using an alpha of 0.05, and at least a medium effect size for
t-test analysis.

Permission to conduct the study was obtained through the
University’s Committees on Human Research and through the
Institutional Review Boards at hospital recruitment sites. Table 1
summarizes the demographic characteristics of the study partici-
pants. Age ranged from 18 to 43 years, and majority of them were
Black (40%) or Asian (41%). After informed consent, the mothers
were asked to wear the wrist actigraph (for objective sleep data) and
to press the “event marker button” for their bedtimes and rising

Table 1| Maternal demographics and characteristics of circadian activity
rhythms, sleep, and fatigue (n=72).

Age Mean Median
28.1 (SD = 6.6) 28

ETHNIC GROUP

White 79.7%)

Black 29 (40.3%)

Hispanic 6 (8.3%)

Asian 30 (41.7%)

WRIST ACTIGRAPHY DATA

TST 380 (SD = 89) 394

WASO (%) 16.8 (SD = 11.7) 16.7

COSINOR ANALYSIS

Amplitude 69.6 (SD = 30) 65.2

Mesor 104.4 (SD = 38.6) 115.8

Circadian quotient 0.68 (SD =0.18) 0.68

Acrophase (time format) 16:30 (range 14:19-20:45) 16:15

Autocorrelation 0.33 (SD =0.20) 0.35

GSDS

Total scale 25(SD=0.9) 2.6

Sleep quality subscale 3.9(SD =19) 3.7

Sleep quantity subscale 2.8(SD=12) 35

Daytime functioning subscale 3.1(SD=13) 3.4

FATIGUE

Morning 4.8(SD =2.0) 45

times. Mothers were also asked to fill out the following question-
naires and keep a sleep diary to record their bed times and rise
times to validate wrist actigraphy data.

The general sleep disturbance scale (GSDS) was used to assess
subjective sleep characteristics. The GSDS is a 21-item, 0-7 rat-
ing scale, which includes seven subscales: sleep onset, waking up
during sleep, waking up too early from sleep, quality of sleep,
quantity of sleep, daytime functioning, and use of substances to
help induce sleep (Lee and DeJoseph, 1992). The GSDS is con-
sistent with the DSM-IV criteria for insomnia symptoms. Higher
scores indicate more disturbed sleep, and a mean score of 3 on the
total GSDS or any of the subscales represents 3 days per week and
is considered a clinically significant sleep disturbance (Lee and
DeJoseph, 1992). The Cronbach alpha coefficient for the overall
scale was 0.80 in the current sample.

The Lee fatigue scale (LFS) is 13-item numerical rating scale with
high internal consistency reliability in previous research (Lee et al.,
1991). It measures fatigue severity in the morning (rising time)
using numerical rating scales from 0 (not at all) to 10 (extremely),
and a morning score of 3.3 or higher indicates clinical significant
fatigue. To reduce participant burden and redundancy of items,
only 7 of the 13 fatigue items were used and the Cronbach alpha
coefficients for the seven-item version remained high, ranging from
0.86 to 0.96 in this sample.

Wrist actigraph was used to estimate nocturnal total sleep
time (TST) and wake after sleep onset (WASO) for 48-72 h (Mini
Motionlogger Actigraphy, octagonal motionlogger, Ambulatory
Monitoring Inc., Ardsley, NY, USA). The wrist actigraph also meas-
ures activity level during the day, and the continuous 24-h data
are used to estimate CAR (Ancoli-Israel et al., 2003). The zero-
crossing mode automatic sleep-scoring program (Action 4 Software
Program, Ambulatory Monitoring Inc., Ardsley, NY, USA) was used
to calculate TST and WASO. The mesor (24-h adjusted mean), the
amplitude (mesor to peak), the acrophase (peak time of activity),
and the autocorrelation for a 24-h rhythm were also determined
using Action 4 software. Circadian quotient (amplitude/mesor)
was used to indicate CAR (Ancoli-Israel et al., 1997). Mothers were
dichotomized at the median circadian quotient for good and poor
CAR groups. Descriptive statistics were used to characterize the
sample and describe study variables. Interval/ratio level data were
examined and noted to meet the assumptions for the selected statis-
tical methods. Pearson correlations were used to examine relation-
ships between objective and subjective measures of sleep, acrophase,
amplitude, mesor, circadian quotient, and fatigue severity. t-Tests
were used to test for differences in self-reported sleep and fatigue
severity between good CAR and poor CAR mothers.

RESULTS

Mothers self-reported a clinically significant poor sleep quality
(3.9 £ 1.9) and disrupted daytime functioning (3.1  1.3) from the
GSDS subscale. Objective sleep data from wrist actigraphy indicated
about 6.3 h of nocturnal TST and a WASO average of 16.8%, indi-
cating these mothers experienced disrupted sleep. Cosinor analysis
indicated the amplitude was 69.6 (SD = 29.7), the mesor was 104.4
(SD =38.6),and the circadian quotient ranged from 0.19 to 1.02, with
amean of 0.68 (SD =0.18) and a median of 0.68. The autocorrelation
for the fit to a 24-h rhythm was 0.33 (SD = 0.20). The acrophase in
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military time format ranged from 14:19 to 20:45 (median 16:15), with
alater acrophase indicates of a more delayed circadian phase (Ancoli-
Israeletal., 1997). Mothers also reported clinically significant fatigue
upon awakening in the morning (mean = 4.8, SD = 2.0), indicating
that they did not feel refreshed from their night’s sleep.

The relationships between CAR, sleep, and fatigue are detailed
in Table 2. Mothers who had a higher circadian quotient (better
CAR) had more nocturnal TST (r = 0.83, p < 0.01), less WASO
(r=-0.50,p<0.01),and less self-reported disturbed sleep from the
GSDS (r=-0.35,p <0.05). Amplitude was statistically significantly
correlated with TST (= 0.49, p <0.01), morning fatigue (r=-0.37,
p<0.01),and disturbed sleep quality (r=-0.30, p < 0.01), indicat-
ing those who have robust rhythms had a longer nocturnal sleep,
less fatigue severity, and perceived better sleep quality (Table 4).
The younger the mother, the higher their amplitude (r = —0.43,
p<0.01) and mesor (r=-0.42, p <0.01). Acrophase was associated
with WASO (r=0.44,p <0.01), GSDS (r=0.26, p < 0.05), and poor
daytime functioning (r = 0.43, p < 0.01), indicating those mothers
with a later time of peak activity had more night-time awakenings
and experienced poor daytime functioning.

To date, little is known about CAR for postpartum women. Thus,
circadian quotient was dichotomized at the median (0.68) to further
explore sleep and fatigue characteristics among these 72 mothers with

poor CAR (circadian quotient < 0.68) and good CAR (circadian quo-
tient > 0.68). The characteristics of sleep, fatigue, and CAR for both
groups are listing in Table 3. Mothers in the poor CAR group had a
statistically significant lower autocorrelation (¢[70] =3.52,p =0.001),
less nocturnal sleep time (£[70] =7.16, p <0.001), more self-reported
sleep disturbance (¢[70] = 2.30, p < 0.03), and poorer self-reported
sleep quality (#[70] = 2.64, p = 0.01) compared to the high CAR
mothers. To further explore subjective sleep characteristics, moth-
ers were categorized into good sleepers (GSDS mean score < 3) and
poor sleepers (GSDS mean score < 3). Table 4 shows characteristics
of sleep, fatigue, and CAR in good sleepers and poor sleepers.

DISCUSSION

Research on sleep for early postpartum stage women with a hospi-
talized infant, either pre-term or full-term with a medical problem,
is very limited. The results from this study supported our hypothesis
that mothers with poor CAR experienced more sleep disruption
and higher fatigue severity compared to those with good CAR.
These early stage postpartum women’s sleep quality and quantity
were considerably poor, their CAR is not well synchronized, and
they also experienced clinically significant morning fatigue severity.
The nocturnal TST of 6.3 h from the study participants is far from
the recommended 7-8 h (NSE, 2005).

Table 2 | Correlations between circadian activity rhythms, sleep, and fatigue (n=72).

Amplitude Mesor Circadian quotient Acrophase Autocorrelation

TST 0.43** -0.17 0.83** -0.10 0.47**

WASO -0.02 0.32** —0.50** 0.44** -0.32%*

GSDS -0.15 -0.04 —0.35*% 0.26* -0.24*

Sleep quality -0.30** -0.24* -0.23 -0.10 -0.01

Sleep quantity 0.02 0.09 -0.34* 0.23 -0.23

Daytime dysfunction 0.04 0.12 -0.22 0.43** -0.24*

Morning fatigue -0.37%* -0.26%* -0.26 0.1 -0.18

Age -0.43** -0.42%* -0.20 -0.10 -0.18

GSDS, general sleep disturbance; TST, total sleep time monitored from wrist actigraph; WASO, wake after sleep onset. *p < 0.05. **p < 0.01.

Table 3 | Sleep and fatigue characteristics based on circadian quotient.

Good circadian activity rhythms
circadian quotient > 0.68 (n=36)

Poor circadian activity rhythms circadian
quotient < 0.68 (n=36)

Cosinor analysis Mesor 101.6 (SEM =5.8)
Amplitude 83.0 (SEM =4.7)
Autocorrelation 0.41 (SEM =0.03)
Acrophase 16:28

TST 437 (SEM = 10)

WASO 14.7 (SEM = 1.4)

GSDS 2.3(SD=0.9)
Sleep quality 3.3(SD=20)
Sleep quantity 2.4(SD =1.4)
Daytime function 2.9(SD=12)
Morning fatigue 4.4 (SEM =0.3)

1072 (SEM = 7.1)**
56.2 (SEM = 4.1)**
0.25 (SEM = 0.03)**

16:33

323 (SEM = 12)**
18.8 (SEM = 2.3)
2.7(SD=0.8)**
45(SD =18)**
3.1(SD=0.8)**
3.2(SD =14)

5.2 (SEM =0.3)

GSDS, general sleep disturbance; TST, total sleep time monitored from wrist actigraph;, WASO, wake after sleep onset. *p < 0.05. **p < 0.01.
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Table 4 | Circadian activity rhythm, sleep, and fatigue characteristics
based on GSDS.

Good sleepers
GSDS less than 3

Poor sleepers
GSDS equal or

(n=45) above 3 (n=27)
Cosinor analysis Mesor 104 (SEM =5.9) 105 (SEM = 7.3)
Amplitude 72.6 (SEM =4.2) 64.6 (SEM =6.3)
Acrophase (military 16:20 16:48
time format)
Autocorrelation 0.35 (SEM =0.03) 0.3 (SEM = 0.04)
Circadian quotient 0.71 (SEM =0.02) 0.62 (SEM = 0.04)*
TST 395 (SEM = 9.6) 363 (SEM = 22)*
WASO 15 (SEM = 1.7) 19.5 (SEM =2.8)
GSDS 1.9(SD =0.6) 3.4 (SD = 0.3)**
Sleep quality 3.3(SD=19) 5.4 (SD = 1.2)**
Sleep quantity 2.4(SD =14) 3.4(SD =0.4)%*
Daytime sleepiness 2.4(SD =13) 4.0(SD =0.6)**
Morning fatigue 4.2 (SEM =0.3) 5.8 (SEM = 0.4)**

GSDS, general sleep disturbance,; TST, total sleep time monitored from wrist
actigraph; WASO, wake after sleep onset. *p < 0.05. **p < 0.01.

Nocturnal TST for first-time mothers with a healthy infant
has been documented as less than 7 h in the first month of the
postpartum period (Gay et al., 2004). It is understandable that
mothers with a healthy newborn at home are likely to be deprived
of sleep because their newborns demand care; however, moth-
ers in this study reported similar nocturnal TST even though
their infants were still in the hospital. Since sleep loss increases
risk of cardiovascular disorders and type 2 diabetes (Alvarez and
Ayas, 2004), it is important to monitoring these physical prob-
lems for this population of women if they suffered long-term
sleep deprivation.

Data regarding CAR is very rare and there is almost no exist-
ing record for postpartum women. A landmark study used wrist
actigraphy to monitor 23 healthy adults (10 males and 13 females),
aged 22-54 years, for 5 days; the mesor, amplitude, and circadian
quotient for the female participants was 151.7, 115.8, and 0.76,
respectively, and the acrophase was between 13:42 and 15:18
(Brown et al., 1990). A recent study investigating CAR among
breast cancer patients found that their mesor and amplitude prior
to chemotherapy were 132.3 (SD = 24.6) and 97.2 (SD = 22.8).
The mean circadian quotient was 0.73 and a more robust activity
rhythm was associated with lower fatigue and higher performance
status for women during chemotherapy for breast cancer (Berger
et al., 2009). Yet, the postpartum mothers in these three samples
experienced lower amplitude, mesor, and circadian quotient com-
pared to other populations reported in the literature. Differences
for our study participants may be a result of their early postpartum
stage, distress due to their unexpected early childbirth, and their
infant’s medical condition.

Circadian activity rhythm has also been found to be related
to the severity of dementia (Ancoli-Israel et al., 1997; Gehrman
et al., 2005) and seasonal affective disorder (Winkler et al., 2005).
The cosinor analyses indicated that mothers in this study expe-
rienced poor CAR; the associations between CAR and sleep and

fatigue suggest an individual with a better CAR will perceive better
sleep and less fatigue severity. Poor CAR could have resulted from
multiple factors, such as stressful life events due to their infant’s
medical conditions, postpartum hormonal issues, and poor sleep
hygiene, including light exposure levels (Lee, 2003). In general,
the neonatal ICU is surrounded by artificial dim light to mini-
mize the stimulus for infants and promote their development. In
addition to their distressed emotional status, the ICU environment
has persistent exposure to lighting and, coupled with the loss of
a discrete diurnal light/dark cycle within the hospital, maternal
sleep disruption may be exacerbated. All of these factors need to be
further explored to better understand altered CAR and sleep pat-
terns for this specific subgroup of postpartum women. Prolonged
exposure to artificial light may alter the entrainment of the SCN and
circadian pacemaker, and we would speculate that loss of entrain-
ment to light/dark cycles leads to self-reported sleep problems and
excessive fatigue.

The American Academy of Sleep Medicine recommends wrist
actigraphy monitoring for at least 72 h; however, the minimum
needed to obtain sufficient peaks and troughs is 36 h to calculate
24-h rhythm parameters. The majority of the study participants
only had 48-h activity data due to subject burden. An extended
activity monitoring should increase the internal validity for the
findings. However, in this study, similar characteristics were found
between the good and poor sleepers classified by using the GSDS
and by using the circadian quotient median split. Mothers who had
a higher self-reported more general sleep disturbances, had a poor
circadian quotient, and more sever morning fatigue. Mothers with
poor circadian quotient had higher self-reported sleep disturbances
and had more severe morning fatigue. In addition, there was a statis-
tically significant association between poor circadian quotient and
poor self-report general sleep disturbances. From the correlations
between the objective and subjective measurements, it can be said
that if an individual self-reported sleep disruption, we should also
evaluate their activity rhythms. Since wearing a wrist actigraph may
become a burden to participants, and an actigraph is not generally
available in most clinical settings, clinician can use GSDS for an
initial assessment in this population of mother.

Although this study has added some new knowledge, findings
from this present study need to be interpreted with caution due to
some limitations. For example: (1) lack of a control group of moth-
ers whose babies were being cared for at home, (2) monitoring of
how long the mothers spent at the NICU under ambient illumina-
tion was absent, (3) some confounding variables such as the levels of
maternal stress and anxiety could be different based on their infant
gestational age and their other life events, and (4) contextual vari-
ables such as ethnicity could not be controlled in the study. Thus,
the internal validity and generalizability may be limited.

Researchers have pointed out that promoting sleep during the
early postpartum period is an important part of improving child-
bearing women’s quality of life (Huang et al., 2004). Postpartum
fatigue has been described as a pathological state which persists
through the circadian rhythm and cannot be relieved through a
single period of sleep (Milligan et al., 1996). Our findings document
short nocturnal sleep time in the early postpartum period, and that
self-reported poor sleepers have significantly less nocturnal TST,
more disturbed daytime functioning, higher fatigue severity, and
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more poorly synchronized CAR compared to the good sleepers.
Both good and poor sleepers in these three samples experienced
disrupted sleep (short TST and high WASO), poor sleep quality, as
well as clinically significant fatigue. Health care providers should
assess maternal sleep quality and quantity, particularly during
the early stage of the postpartum period. Sleep is a fundamental
human need and provides physical and psychological restoration.
Relationships between CAR and self-reported sleep disturbance
and fatigue severity were evident. Poor sleep and CAR promote a
high tendency for diminished cognitive ability, decision-making,

and performance (Leff et al., 2010; Steinborn et al., 2010); thus, the
potentially adverse impacts to safe infant care, maternal learning,
and role competency need to be further explored.
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