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A B S T R A C T

Study objectives: To examine the longitudinal links between maternal and infant nocturnal wakefulness by
employing a trajectory-based approach, and to assess whether the strength of these links differs as a function
of sleep assessment method (actigraphy vs. self-report) and sleeping arrangements.
Methods: Maternal and infant nocturnal wakefulness were assessed with actigraphy and sleep diaries at
home for 5 nights, at 3 (N = 191), 6 (N = 178), 12 (N = 155), and 18 (N = 135) months postpartum. Outcome
measures included the number of night-wakings (NW) and the length of nocturnal wakefulness (WASO).
Results: Strong associations between maternal and infant nocturnal wakefulness (controlling for nighttime
breastfeeding) were found for NW and WASO. Trajectory analyses demonstrated that the strength of these
relations decreased linearly from 3 to 18 months. Furthermore, the findings showed that the links between
maternal and infant NW andWASOwere stronger for maternal reports than for actigraphy. No consistent dif-
ferences were found in the strength of the relations between maternal and infant NW and WASO as a func-
tion of sleeping arrangements (ie, room-sharing vs. solitary-sleeping families).
Conclusions: The results suggest that infant and maternal sleep are strongly intertwined, especially during the
first 6 months. The decline in the synchronization between maternal and infant nocturnal wakefulness
through infant development may be attributed to the growing ability of infants to self-soothe during the
night. The findings emphasize the need to study sleep within a family context.

© 2021 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Keywords:

Infant sleep
maternal sleep
nocturnal wakefulness
actigraphy
longitudinal
family
nt of Psychology, Ben-Gurion
-5497243.

by Elsevier Inc. All rights reserved.

longitudinal study of the links between maternal and infant nocturnal wakefulness, Sleep Health
9.003
Introduction

Infant and parental night-wakings are prevalent in the first year of
life.1-3 However, infant and parent sleep are usually studied sepa-
rately, rather than within a family context. The well-established
transactional model of infant sleep4 underscores the importance of
studying sleep within the family context. This model stipulates bi-
directional and dynamic relations between infant sleep and intrinsic
(eg, temperament, health) and environmental factors, with parent
and family relations playing a crucial role. Thus, infant sleep is not
only thought to be influenced by aspects of parenting and parent-
infant relationship characteristics, but is also assumed to influence
parental sleep, behavior, and mood.4,5 Consistent with the model,
research has found strong links between infant sleep-wake patterns
and parenting factors such as maternal depression, parental cogni-
tions, parenting quality, and especially parental bedtime and
nighttime soothing behaviors.5-9 Nevertheless, these studies have
mostly focused on infant sleep in relation to parental functioning,
overlooking the possibility that infant and maternal sleep are likely
to be strongly related. Therefore, to better account for the ecological
context within which children’s sleep develops and to deepen the
understanding of how sleep of family members intertwines, it is
essential to simultaneously assess children’s and parents’ sleep.10,11

Studies that indirectly examined the relations between infant sleep
and maternal sleep have demonstrated improvement in both infant
and maternal sleep following behavioral sleep interventions.12-14

Another line of research focused on the changes mothers experience
in their sleep in the first months postpartum compared to
pregnancy,15,16 and showed that maternal sleep in the postpartum is
shorter and more fragmented. These changes are usually attributed to
the infant’s natural sleep-wake patterns and feeding needs. However,
because infant sleep was not evaluated in these studies, the magnitude
of the contribution of infant sleep to the variance in maternal sleep is
unclear, and additional factors may be responsible for maternal post-
partum sleep disturbances, such as hormonal changes, pre-existing
sleep disturbances, and postpartum depression.15,17
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Table 1
Sample characteristics.

Demographic variable Mean § SD %

Mother’s age (years)
1

28.98 § 3.23
Mother’s education (years)

1
15.80 § 1.95

Father’s age (years)
1

31.94 § 7.23
Father’s education (years)

1
15.19 § 2.19

Number of rooms at home
1

3.32 § 0.92
Maternal delivery week

2
39.26 § 1.3

Child sex
2

50.5% boys
Infant weight 3 months (kg) 5.88 § 0.80
Infant weight 6 months (kg) 7.70 § 0.95
Infant weight 12 months (kg) 9.45 § 1.2
Infant weight 18 months (kg) 11.03 § 1.1
Feeding method 3 months
Full breastfeeding 55.8%
Partial breastfeeding 26.8%
Bottle feeding 17.4%
Feeding method 6 months
Full breastfeeding 30.5%
Partial breastfeeding 26.4%
Bottle feeding 43.1%
Feeding method 12 months
Full breastfeeding 8.8%
Partial breastfeeding 27.7%
Bottle feeding 63.5%
Feeding method 18 months
Full breastfeeding 2.3%
Partial breastfeeding 14.1%
Bottle feeding 83.6%
Nighttime breastfeeding 3 months 3.95 § 1.49
Nighttime breastfeeding 6 months 3.41 § 1.64
Nighttime breastfeeding 12 months 2.07 § 1.54
Nighttime breastfeeding 18 months 1.70 § 1.34

Nighttime breastfeeding—scale ranging from 1 (never) to 5
(frequently).

1 Collected during the third trimester of pregnancy.

2 Collected at 3 months postpartum.
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The few studies that have examined direct links between infant
and maternal sleep documented strong positive links.18,19 For
instance, when infants were 4-10 weeks old, significant links were
found between infant and maternal longest sleep periods.19 In a large
cross-cultural internet-based study of mothers of children aged 0-
6 years old, strong associations were reported between mother-child
sleep measures across cultures,11 and correlations were stronger dur-
ing infancy than the preschool period, possibly because children sig-
nal less to their parents at night as they grow older.11,20 However,
these studies were based on subjective maternal reports of their own
and their infants’ sleep,11,18,19 and, thus, the findings may be influ-
enced by mothers’ restricted knowledge about their infant’s night-
wakings.21,22 Hence, a high synchronization between maternal and
infant night-wakings may reflect reports of signaled night-wakings,
while night-wakings among infants who developed nocturnal self-
soothing capacities may go unnoticed. Consequently, objective meas-
ures of sleep may provide a more accurate picture of mother-infant
sleep concordance.

Notably, a few studies using objective measures of sleep23,24 pro-
vide preliminary evidence that maternal and infant objective sleep
measures are strongly related. Nevertheless, many questions remain
unanswered regarding the nature of these links. For instance, it is
unclear whether these links remain strong after the first months
postpartum and whether they change with infant development. It is
also unclear whether the strength of these links differs as a function
of sleeping arrangements, although it seems reasonable to assume
that the links would be stronger in room-sharing dyads than in soli-
tary-sleeping dyads, as room-sharing mothers are probably more
likely to be awakened by infant awakenings because of their physical
proximity to the infant.3 Moreover, given the lack of studies that use
objective methods, previously found associations between maternal
and infant sleep may have been influenced by a report bias; an objec-
tive assessment may reveal lower concordance.

The present study

The present study aimed at addressing the gaps in the literature
indicated above by comprehensively and longitudinally investigating
the nature and strength of the links between maternal and infant
nocturnal wakefulness (ie, number and length of night-wakings)
throughout infancy. Moreover, we examined whether the strength of
these associations differs as a function of sleeping arrangements
(room-sharing vs. solitary-sleeping) and assessment method (actigra-
phy vs. sleep diaries).

Our hypotheses were that (1) significant associations would be
found between maternal and infant nocturnal wakefulness at each
assessment point; (2) links between maternal and infant nighttime
wakefulness would be stronger in room-sharing vs. solitary-sleeping
dyads; (3) significant correlations would exist between maternal and
infant nocturnal wakefulness based on both assessment methods
(actigraphy and maternal sleep diaries), but correlations between the
diary measures would be stronger compared to actigraphy; (4) infant
and maternal nighttime wakefulness would become less synchro-
nized over time, as manifested in a decrease in the strength of the
associations with infant development. Hypothesis 4 was based on
previous research demonstrating that most infants develop night-
time self-soothing capacities around the age of 6 months25 and, thus,
are more likely to wake up without alerting their parents. We also
expected that the proportion of time that mothers will be awake at
night due to their infants relative to their total nocturnal wakefulness
would decline over time. Because breastfeeding has previously been
associated with more maternal and infant nighttime
wakefulness,26,27 we assessed nighttime breastfeeding (NBF) in rela-
tion to nighttime wakefulness and included it as a covariate.
Please cite this article as: L. Tikotzky et al., A longitudinal study of the lin
(2021), https://doi.org/10.1016/j.sleh.2021.09.003
Methods

Participants

We recruited 216 married Israeli couples expecting their first
child through prenatal courses and announcements on internet
forums for expectant parents. Inclusion criteria included 2-parent
families with a singleton pregnancy and a healthy infant born at term
(>37 weeks). Post hoc exclusion criteria included infant or maternal
breathing related problems. These criteria were assessed via a tele-
phone interview and a questionnaire.

Demographic characteristics are presented in Table 1.
The Ns at 3, 6, 12, and 18 months were 191, 178, 155, and 135,

respectively. The main reasons for discontinuation were overload
and maternal medical problems. The families who withdrew from
the study were compared to the participating families on socio-
demographic variables (eg, age, education) and infant and maternal
available sleep measures. No differences were found on any of these
variables.
Procedures

The study was approved by the Helsinki committee of Soroka
Medical Center. Signed informed consent was obtained from all
parents before the first assessment. At each assessment (3, 6, 12, and
18 months), a research assistant instructed the participants about
actigraphy use and completion of the questionnaires at home. Sleep
of mothers and infants was assessed using actigraphy and sleep dia-
ries for 5 consecutive nights (excluding weekends). A period of 5
nights was chosen as this is the minimum number of nights required
ks between maternal and infant nocturnal wakefulness, Sleep Health
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to obtain reliable actigraphy measures.28 We did not ask for more
nights to avoid participant burden. Sleep was assessed only on days
when the infant and mother slept at home and were healthy (ie, did
not have a medical condition that may affect their sleep such as a
cold, fever, ear infection, indigestion). Participants received a small
gift (value of about $20) upon completion of each assessment.
Measures
Actigraphy
Actigraphy is a useful and valid method for studying sleep in

infants, children, and adults.29-31 It provides an objective assessment
of sleep-wake patterns based on motility patterns for prolonged peri-
ods of time with no interference to participants’ natural sleep envi-
ronment. However, actigraphy has been criticized for its relatively
low specificity to detect nocturnal wakefulness with some devices
and scoring algorithms.32,33

We used the micro-motion logger sleep watch (Ambulatory Moni-
toring Inc., Ardsley, NY) with a one-minute epoch interval, in accor-
dance with the standard working mode for sleep�wake scoring. The
Actigraphic Sleep Analysis program was used to score the data, based
on Sadeh’s validated scoring algorithm for infants34 and adults.31 As
we were interested in examining the links between maternal and
infant nighttime wakefulness, we included the following 2 measures
for both mothers and infants: (1) NW—number of night-wakings that
last for at least 5 minutes (�5 minutes is a frequently used interval to
identify meaningful awakenings and reduce recording false positive
awakenings, which are more likely with shorter intervals)32,35; (2)
WASO—Minutes awake during the night after sleep onset.

Most mothers and infants (»70%) had valid actigraphy data for all
5 assessment nights at each study point. The minimum number of
nights to be included in the analyses was 3. Actigraphy data were
obtained for 92.7% of infants and 95.3% of mothers at 3 months;
91.2% of infants and 93.8% of mothers at 6 months; 85.9% of infants
and 94.2% of mothers at 12 months; and 85.2% of infants and 91.1% of
mothers at 18 months. The main reason for actigraphic missing data
was mothers’ refusal to use the actigraph; technical problems (eg,
actigraph fell off) caused additional missing data.
Sleep diaries
Mothers were asked to complete a sleep diary of their own36 and

their infant’s9 sleep schedules and night-wakings in the morning fol-
lowing each assessment night. The measures included in the present
study were (1) NW—number of night-wakings of any length; (2)
WASO—minutes awake during the night after sleep onset. Maternal
WASO was further divided into (a) WASO-infant—minutes awake
during the night after sleep onset, due to the infant (“How long were
you awake at night because of the infant awakenings?”); (b) WASO-
other—minutes awake after sleep onset that were unrelated to the
infant (“How long were you awake at night due to factors unrelated
to the infant’s awakenings?”).

At least 3 nights of sleep-diary data were obtained for 97.9% of
infants and 100% of mothers at 3 months; 99.4% of infants and 97.8%
of mothers at 6 months; 98.1% of infants and 97.4% of mothers at 12
months; and 100% of infants and 91.9% of mothers at 18 months.
Sleeping arrangements
Sleeping arrangements were assessed with a single item from the

Brief Infant Sleep Questionnaire (BISQ).37 At each assessment point,
mothers were asked to indicate where their infant sleeps during the
night: (a) Infant crib in a separate room (solitary-sleeping); (b) Infant
crib in the parent’s room (room-sharing); (c) Parents’ bed.
Please cite this article as: L. Tikotzky et al., A longitudinal study of the lin
(2021), https://doi.org/10.1016/j.sleh.2021.09.003
Background questionnaires
Parents provided socio-demographic and developmental data

during pregnancy (parental age, education, number of rooms at
home) and postpartum (infant gender, infant weight, and nighttime
breastfeeding—NBF). NBF was assessed with one question asking the
mother to indicate how often she breastfeeds during the night on a
5-point scale, ranging from 1 (never) to 5 (frequently).
Statistical analysis
Cross-sectional analyses
Pearson correlations were calculated to examine concomitant

associations between maternal and infant nocturnal wakefulness
measures (NW and WASO). Fisher r-to-z transformations38 were
applied to examine whether the associations between mother-infant
NW and WASO differ as a function of sleeping arrangement and to
test whether the associations are stronger for the reported vs. acti-
graphic measures.
Longitudinal analyses
Because of the nested structure of our data (ie, phases nested

within infant-mother dyads), we used a series of 2-level (a within-
dyad level and a between-dyad level) growth multilevel models
(MLMs), which can accommodate for non-balanced data (ie, adjust
for missing data). The analyses used all available data (ie, data from
dyads who dropped out during the study were also included). Never-
theless, to test whether the results were influenced by dropout, we
ran an additional series of MLMs including only data from dyads who
completed the study. The results of these analyses (available upon
request) overall showed the same pattern of results as those reported
here. MLMs were estimated using the “lmerTest” package,39 in R soft-
ware platform.40

Change in dyads’ sleep concordance. To test whether the strength of
the associations between mothers’ and infants’ sleep measures
changed over time, we ran a series of four 2-level linear growth
MLMs, one for each of the sleep measures (ie, NW-Actigraphy, NW-
Diary, WASO-Actigraphy, and WASO-Diary). We controlled for NBF in
all models. We also tested quadratic and logarithmic growth models,
which yielded results consistent with those reported here. However,
overall, linear models provided better fit (quadratic and logarithmic
growth models are available upon request).

The generic within-dyad (level-1) equation was

Mother’s sleep� indexij

¼ b0j þ b1j � Infant’s sleep� indexij þ b2j � Timeij þ b3j

� Infant’s sleep� Indexij � Timeij þ b4j � NBFij þ eij:

In this equation, the jth mother’s sleep-index in phase i was mod-
eled as a function of this mother’s intercept (b0j), her infant’s sleep
index in this phase (b1j), Time (b2j), the interaction between Time
and her infant’s sleep index (b3j), her nighttime breastfeeding prac-
tice during this phase (b4j), and a level-1 error term. The Time vari-
able was centered on the first assessment, with months as the
measurement unit (ie, 0 = 3-M, 3 = 6-M, 9 = 12-M, and 15 = 18-M). To
account for between-dyad variability, all effects were allowed to vary
at level 2 (ie, treated as random effects), although the final models
included only random effects that improved model fit (as determined
by the deviance test41). In models in which the 2-way interaction
was significant, simple slopes (ie, time conditioned infant-mother
concordance estimates) were computed using the “emmeans” pack-
age42 in the R platform.40
ks between maternal and infant nocturnal wakefulness, Sleep Health
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Table 2
Descriptive statistics of maternal and infant sleep measures at 3, 6, 12, and 18 months.

3 months 6 months 12 months 18 months

Mother Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range

Act-NW 2.98 (1.41) 0-9 2.80 (1.51) 0-10 2.14 (1.37) 0.20-8.33 2.02 (1.39) 0-7.33
Act-WASO 64.04 (32.32) 3.0-188.0 47.37 (24.96) 4.2-143.6 40.07 (24.95) 3.67-152.33 34.88 (24.12) 3.0-125.33
Diary-NW 2.87 (1.35) 0-8.75 2.83 (1.53) 0-7.35 2.25 (1.55) 0-11.38 1.92 (1.16) 0-5.40
Diary-WASO 51.32 (36.59) 0-171.0 40.63 (32.81) 0-183.0 28.75 (24.67) 0-113.6 22.34 (21.84) 0-108

Infant Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range

Act-NW 2.71 (1.25) 0.0-5.80 2.26 (1.38) 0-6.60 1.56 (1.08) 0-6.0 1.09 (0.91) 0-4.75
Act—WASO 49.0 (26.48) 3.25-175.20 40.71 (23.77) 1.0-128.0 27.83 (19.71) 2.50-106.20 19.15 (19.49) 1.20-154.0
Diary-NW 2.18 (1.25) 0-5.75 2.64 (1.58) 0-8.0 2.04 (1.31) 0-5.9.0 1.19 (1.04) 0-4.67
Diary-WASO 49.10 (29.14) 0-159.40 37.47 (28.80) 0-144.20 23.94 (22.34) 0-161.60 14.02 (13.74) 0-73.80

Act-NW, Actigraphic number of night-wakings lasting � 5 minutes; Act-WASO, Actigraphic minutes awake after sleep onset; Diary night-wakings,
number of diary night-wakings; Diary-WASO, total minutes awake during the night due to the infant + minutes awake because of other reasons.
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Change in WASO proportion. We used a 2-level linear growth model
to examine changes over time in the proportion of time that mothers
are awake at night due to their infants relative to their total nocturnal
wakefulness. The within-mother (level-1) equation was

WASO� Proportionij ¼ b0j þ b1j � Timeij þ b4j � NBFij þ eij:

In this equation, the jth mother’s WASO-proportion phase i was
modeled as a function of this mother’s intercept (b0j), Time (b1j), her
NBF practice during this phase (b4j), and a level-1 error term. The
intercept and the Time parameters were allowed to vary at level 2
(ie, treated as random effects); modeling NBF as a random effect did
not improve the model fit.
Results

Preliminary analyses

Descriptive statistics of all sleep variables are shown in Table 2.
Maternal reports of WASO-infant related and general
Table 3 shows the time mothers reported being awake during the

night due to their infant’s night-wakings and the time they reported
being awake because of other reasons, at each assessment point. It
also displays the proportion of time mothers were awake due to their
infant, out of maternal total nocturnal wakefulness.
Correlations between background variables and sleep variables
Pearson correlations were calculated to examine whether night-

time breastfeeding (NBF) was associated with any of the sleep meas-
ures. Higher levels of NBF were consistently associated with more
Table 3
Maternal diary WASO (minutes awake at night) at 3, 6, 12, and 18 months.

WASO-infant related
Mean (SD)

WASO-other reasons
Mean (SD)

WASO proportion-
infant-related
wakefulness out of
total wakefulness
Mean (SD)

3 months 43.27 (31.53) 8.05 (10.95) 73.5% (25%)
6 months 32.82 (28.60) 7.65 (12.34) 76.6% (25%)
12 months 19.73 (19.52) 9.02 (12.03) 69.9% (28%)
18 months 12.07 (14.34) 10.27 (16.11) 56.4% (34%)

WASO-infant related, minutes awake during the night due to the infant; WASO-
others, minutes awake because of other reasons unrelated to the infant.

Please cite this article as: L. Tikotzky et al., A longitudinal study of the lin
(2021), https://doi.org/10.1016/j.sleh.2021.09.003
disturbed maternal and infant sleep (eg, more NW and more WASO)
especially at 6, 12, and 18 months (Supplementary Table 1).

Pearson correlations were calculated to examine whether any
other background variables were associated with the sleep measures.
There were only a few sporadic correlations between these variables
and the main study variables. Thus, NBF was the only variable con-
trolled for in subsequent analyses.

Cross-sectional associations between maternal and infant sleep

Table 4 demonstrates the concomitant correlations between
maternal and infant sleep measures at all assessment points, based
on actigraphy and the sleep diaries.

Actigraphy
Significant Pearson correlations were found between maternal

and infant NW at 3, 6, and 12 months (ranging between r = 0.29 and
r = 0.52). For WASO, the correlations were significant at all assess-
ment points (0.24 � r � 0.56).

Sleep diaries
Significant concomitant correlations were found between infant

and maternal NW (0.44 � r � 0.74), and between infant and maternal
WASO (0.49 � r � 0.70) at all assessment points.

Associations between maternal and infant nocturnal wakefulness—
comparison between sleeping arrangements

To test whether the associations between mother-infant noctur-
nal wakefulness differ as a function of sleeping arrangements, Fisher
r-to-z transformations were applied.38 We compared the associations
between room-sharing and solitary-sleeping mother-infant dyads.
(Because there were 6 or fewer bed-sharing dyads at each assess-
ment, we excluded these families from the current analysis). The per-
centage of room-sharing infants (as opposed to solitary-sleeping
infants) was 80.5% at 3 months, 47.9% at 6 months, 18.5% at 12
months, and 14.8% at 18 months.

The correlations in each group (controlling for NBF) and the differ-
ence (Z) scores are displayed in Table 5. Only 2 significant differences
were found: At 6 months, the correlation between maternal and
infant diary NW was stronger for the solitary-sleeping group than for
the room-sharing group, whereas, at 18 months, the correlation
between maternal and infant diary NW was stronger for the room-
sharing group. Because sleeping arrangements did not consistently
moderate the associations between maternal and infant sleep, sleep-
ing arrangements were not controlled for in subsequent longitudinal
analyses.
ks between maternal and infant nocturnal wakefulness, Sleep Health
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Table 4
Pearson correlations between maternal and infant sleep (controlling for breastfeeding) at 3, 6, 12, and 18 months-postpartum.

Maternal sleep at 3 months

Act night-wakings Act WASO Diary night-wakings Diary WASO

Infant sleep at 3 months Act night-wakings 0.52***^ �0.56***^ 0.36***^ 0.44***^
Act WASO 0.40***^ 0.56***^ 0.34***^ 0.50***^
Diary night-wakings 0.47***^ �0.39***^ 0.69***^ 0.43***^
Diary WASO 0.40***^ 0.53***^ 0.40***^ 0.68***^

Maternal sleep at 6 months

Act night-wakings Act WASO Diary night-wakings Diary WASO
Infant sleep at 6 months Act night-wakings 0.52***^ 0.56***^ 0.42***^ 0.50***^

Act WASO 0.43***^ 0.53***^ 0.27** 0.52***^
Diary night-wakings 0.57***^ 0.49***^ 0.74***^ 0.46***^
Diary WASO 0.43***^ 0.54***^ 0.43***^ 0.70***^

Maternal sleep at 12 months

Act night-wakings Act WASO Diary night-wakings Diary WASO
Infant sleep at 12 months Act night-wakings 0.29**^ 0.34***^ 0.28***^ 0.36***^

Act WASO 0.22*^ 0.35***^ 0.17 0.39***^
Diary night-wakings 0.45***^ 0.43***^ 0.72***^ 0.36***^
Diary WASO 0.28***^ 0.49***^ 0.26** 0.58***^

Maternal sleep at 18 months

Act night-wakings Act WASO Diary night-wakings Diary WASO
Infant sleep at 18 months Act night-wakings 0.18 0.20* �0.07 0.03

Act WASO 0.19* 0.24*^ 0.03 0.10
Diary night-wakings 0.42***^ 0.28**^ 0.44***^ 0.19*
Diary WASO 0.32***^ 0.37***^ 0.23*^ 0.49***^

Act night-wakings, Actigraphic number of night-wakings lasting � 5 minutes; Act WASO, Actigraphic wake minutes after sleep onset;
Diary night-wakings, reported night-wakings according to the diary; DiaryWASO, reported total wakeminutes after sleep onset.
*p < .05, **p < .005; ***p < .001.
(^) Identifies correlations that remained significant after controlling for breastfeeding.
The correlation analyses are based on the following Ns for actigraphy: 3 months—177; 6 months—159, 12 months—130, 18 months—
110; and on the following Ns for diaries: 3 months—168; 6 months—165, 12 months—148, 18 months—121.

Table 5
A comparison of the correlations between maternal and infant sleep (controlling for
breastfeeding) between solitary sleeping dyads and room-sharing dyads.

Solitary
sleeping

Room-sharing Comparison of
correlations (Z score)

3 months N = 37 N = 119

Act night-wakings 0.56** 0.62*** �0.47
Act WASO 0.59** 0.70*** �0.97
Diary night-wakings 0.75*** 0.65*** 1.01
Diary WASO 0.58** 0.69*** �0.95

6 months N = 73 N = 69

Act night-wakings 0.45*** 0.36** 0.63
Act WASO 0.47*** 0.50*** �0.23
Diary night-wakings 0.79*** 0.63*** 1.92*
Diary WASO 0.74*** 0.60*** 1.5

12 months N = 89 N = 23

Act night-wakings 0.45*** 0.19 1.18
Act WASO 0.43*** 0.31* 0.56
Diary night-wakings 0.72*** 0.52** 1.33
Diary WASO 0.40*** 0.64** �1.35

18 months N = 81 N = 17

Act night-wakings 0.21 0.38 �0.64
Act WASO 0.36* 0.24 0.45
Diary night-wakings 0.27* 0.69** �1.97*
Diary WASO 0.37** 0.69** �1.60

Act night-wakings, Actigraphic number of night-wakings lasting � 5 minutes; Act
WASO, Actigraphic wake minutes after sleep onset; Diary night-wakings, reported
night-wakings according to the diary; Diary WASO, reported total wake minutes
after sleep onset.
*p < .05, **p < .005, ***p < .001.
* The Ns are smaller than the N reported in the participants’ paragraph because of
missing data on the sleeping arrangement variable.
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Associations between maternal and infant nocturnal wakefulness—
actigraphy vs. sleep diary measures

Fisher r-to-z transformations were used38 to examine whether
the associations between mother-infant nocturnal wakefulness are
stronger for the sleep diary measures than actigraphic measures.

For NW, the diary-based correlations between maternal and
infant NW were significantly stronger than the actigraphic correla-
tions at all assessment points: at 3 months Z = 2.51 (p = .006); at 6
months Z = 3.3 (p < .001); at 12 months Z = 2.37 (p = .009); and at 18
months Z = 2.12 (p = .02).

Significant differences in the strength of the correlations were also
found for WASO: The diary-based correlations between maternal and
infant WASO were significantly stronger than the actigraphic correla-
tions at all assessment points: at 3 months Z = 1.83 (p = .03); at 6
months Z = 3.3 (p < .001); at 12 months Z = 4.85 (p < .001); and at 18
months Z = 2.13 (p = .02).
Growth models: Change over time in dyads’ sleep concordance and in
maternal WASO proportion

Table 6 presents the fixed effects of the growth MLMs estimating
change over time in the strength of the associations between mater-
nal and infant nocturnal wakefulness.

Infants’ and their mothers’ sleep measures were positively associ-
ated with each other, and for 3 sleep measures (ie, diary NW, acti-
graphic WASO and diary WASO), these associations were moderated
by time. As depicted in Fig. 1, consistent with our hypothesis, the
strength of the associations between mother-infant nocturnal wake-
fulness declined over time. However, no interaction with time was
found regarding actigraphic NW.
ks between maternal and infant nocturnal wakefulness, Sleep Health
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Table 6
Growth multilevel models for predicting mothers’ sleep variables from infants’ congruent sleep variables.

WASO Night-wakings

actigraphy Diary actigraphy Diary

Est. (SE) p Est. (SE) p Est. (SE) p Est. (SE) p

Intercept 50.68 (1.98) <.001 40.81 (2.36) <.001 2.55 (0.10) <.001 2.50 (0.09) <.001
Infant’s sleep 0.68 (0.07) <.001 0.70 (0.06) <.001 0.55 (0.07) <.001 0.76 (0.06) <.001
Time �0.62 (0.22) .007 �0.73 (0.20) <.001 �0.01 (0.01) .562 �0.01 (0.00) .141
Infant’s sleep £ Time �0.03 (0.01) .010 �0.02 (0.00) .013 �0.01 (0.01) .368 �0.02 (0.00) .029
NBF 2.03 (0.77) .009 0.82 (0.68) .229 0.12 (0.04) .005 0.08 (0.03) .009

WASO, wake minutes after sleep onset; Night-wakings, number of night-wakings; NBF, Nighttime breastfeeding.
Note. The table presents the fixed effects estimates (Est.) and their standard error (SE) from the linear growth MLM for predicting
mothers’ sleep variables.

Fig. 1. Trajectories of the associations between maternal and infant nocturnal wakefulness from 3 to 18 months. Panels present mother-infant sleep concordance over time for
WASO-Actigraphy (Panel A), WASO-Diary (B) and Night-Wakings-Diary (C). Simple slopes Est. (SE) and Std. Est. (b) are presented for each time point. Std. Est. were computed fol-
lowing the procedure described in Hoffman41 in which b = Est. * SD(X) / SD(Y), using the variables’ level-1 variance. *p< .05, **p< .01, ***p < .001. WASO, minutes awake after sleep
onset; Night-wakings, number of night-wakings.

ARTICLE IN PRESS
JID: SLEH [m5GUS;October 22, 2021;9:10]

Please cite this article as: L. Tikotzky et al., A longitudinal study of the links between maternal and infant nocturnal wakefulness, Sleep Health
(2021), https://doi.org/10.1016/j.sleh.2021.09.003

6 L. Tikotzky et al. / Sleep Health 00 (2021) 649

https://doi.org/10.1016/j.sleh.2021.09.003


Fig. 2. Change over Time in maternal wake after sleep onset (WASO) proportion (p <

.001(. Y-axis—Proportion of time mothers spent awake during the nocturnal period
due to their infants, out of their total nighttime wakefulness duration. WASO, minutes
awake after sleep onset.
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In addition, a significant negative time effect was found in the
model predicting mothers’ WASO proportion (Est. = �0.016,
SE = 0.002, Std. Est. = �0.346, p < .001). As depicted in Fig. 2, over
time, infant awakenings accounted for a decreasing proportion of
maternal wakefulness.

Discussion

This study contributes to the growing literature on the family con-
text of sleep by employing a trajectory-based approach to analyze
patterns of change in the strength of the links between maternal and
infant objective and subjective sleep across infant development. We
found significant associations between maternal and infant sleep
(controlling for nighttime breastfeeding), for both the number of
night-wakings and the length of nocturnal wakefulness at all assess-
ment points. Moreover, MLMs showed that the strength of the rela-
tions decreased linearly from 3 months to 18 months. Furthermore,
mother-infant nocturnal wakefulness links were stronger for mater-
nal reports than for actigraphy. However, no consistent significant
differences in the strength of the relations were found between
room-sharing and solitary-sleeping families.

Our findings are consistent with recent research showing signifi-
cant links between child sleep and parental sleep throughout
childhood.10,43 Nevertheless, most previous research was cross-sec-
tional and used self-report measures. In our longitudinal study, for 3
out of our 4 study measures (actigraphic and diary WASO, and diary
NW), the strength of the links between maternal and infant nocturnal
wakefulness decreased significantly with infant age. These findings
suggest that, whereas infant sleep is a very strong predictor of mater-
nal sleep in the first 6 months, it becomes a weaker, though still sig-
nificant, predictor at 12 and 18 months. This change was also
reflected in mothers’ reports of the time they were awake at night
due to infant awakenings vs. other causes: whereas mothers reported
a decline across assessments in the time spent awake at night due to
the infant, their average time awake due to factors unrelated to the
infant, remained relatively stable. Thus, beyond infant night-wakings,
factors such as primary insomnia, sleep homeostatic pressure, emo-
tional distress, nighttime voiding, and hormonal changes may impact
maternal sleep during the postpartum period.

The decreasing synchronization between maternal and infant
nocturnal wakefulness through infant development may be attrib-
uted to the decline in NBF (Table 1) and to infants’ increasing ability
to resume sleep without alerting their parents (ie, self-soothe).9,44 As
a result, mothers are less likely to be awakened by their infants and,
thus, less likely to be aware of their infant’s night-waking. It is also
possible that fathers’ involvement in infant care increases over time,
which may account for the decrease in the strength of the associa-
tions between maternal and infant nocturnal wakefulness.
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We thought that sleeping arrangements might moderate the
strength of the mother-infant nocturnal wakefulness links. Contrary
to Mindell et al11 and our expectation, we did not find a consistent
pattern of stronger links in room-sharing dyads. Actually, about half
of the correlations were stronger in solitary sleeping dyads, and only
2 comparisons reached statistical significance. Our findings might be
understood in light of previous research showing that mothers in
room-sharing arrangements experienced significantly more objective
and self-reported sleep disturbances than mothers whose infants
slept in a separate room, whereas there was no indication for differ-
ences in objective infant sleep between the groups.3,45 Thus, room-
sharing mothers are probably more likely to be awakened by their
infant’s movements and vocalizations during sleep, and these mater-
nal awakenings could lower the concordance between their own and
their infant’s awakenings. On the other hand, when infants sleep in a
separate room, their mothers are perhaps less likely to be awakened
by short arousals that do not require parental intervention (ie, infant
resumes sleep independently), which may lead to lower mother-
infant concordance in solitary sleeping families. Overall, these factors
may account for the gaps between mothers’ and infants’ nocturnal
wakefulness in both sleeping arrangements and may explain why no
consistent differences were found in the strength of these links
between sleeping arrangements. Another possibility is that some
infants were moved to the parent’ bed in response to their night-
wakings (ie, reactive bed-sharing). As sleeping arrangements in this
study were assessed with a general question asking only about the
typical sleep location of the infant, we do not know if or how often
reactive bed-sharing was practiced. This could have influenced the
strength and direction of links between mother and infant nighttime
wakefulness as a function of sleeping arrangements.

The strength of the associations between maternal and infant noc-
turnal wakefulness did change as a function of assessment methods.
At all assessment points, diary-based correlations between maternal
and infant sleep were significantly stronger than actigraphic correla-
tions, suggesting that the strength of the links might be biased to
some degree by shared method variance. Mothers naturally report on
awakenings they are aware of, whereas actigraphy is more likely to
capture nonsignaled infant awakenings of which the mother is not
aware.46 Nevertheless, it should be noted that actigraphy has its own
limitations and has been criticized for its relatively poor specificity to
detect nighttime wakefulness.32 These findings highlight the impor-
tance of using both objective and subjective measures of infant and
maternal sleep in future studies.22,47

Several limitations of this study should be noted. First, our sample
was relatively homogeneous, as it included only 2-parent families
mostly representing the middle-upper socioeconomic class in Israel
and included only first-born, normally developing infants. These
sample characteristics limit the generalizability of the findings but
enhance the internal validity of the study. In addition, our exclusion
criterion of breathing-related problems was based only on maternal
reports. Also, we focused only on the mother-infant dyad, although
fathers’ sleep may also be linked with the sleep of mothers and
infants. Furthermore, because we were mainly interested in examin-
ing the links between maternal and infant quantified measures of
nighttime wakefulness, we did not assess maternal subjective experi-
ence regarding their own and infant sleep. We also do not know
where mothers and infants spent their wakefulness time, how they
spent this time, and when breastfeeding happened. Examining these
questions may enrich our understanding of the links between moth-
ers’ and infants’ nighttime wakefulness. Moreover, the number of
bed-sharing families in this sample was too small for us to include
them in the analyses, and, therefore, we could only compare the links
between room-sharing and solitary-sleeping mother-infant dyads.
Finally, we asked only about typical sleeping arrangements, and we
do not know whether families switched sleeping arrangements and/
ks between maternal and infant nocturnal wakefulness, Sleep Health
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or moved the infant to their bed/room for part of the night in
response to infant awakenings.

Conclusions

Our findings emphasize the need to study sleep within a family
context and suggest that infant and maternal nocturnal awakenings
are strongly intertwined. The decline in synchronization between
maternal and infant nighttime wakefulness through infant develop-
ment may be attributed to infants’ growing ability to self-soothe dur-
ing the night and to the decline in nighttime feeding. Future studies
should include paternal sleep and explore socio-environmental fac-
tors that may influence the links between maternal and infant sleep,
such as bed-sharing and maternal mood.
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